LASER RANGE SENSOR SYSTEM OPTI CS ADAPTERAND METHOD
CROSS- REFERENCE AND PRI ORI TY CLAIM TO RELATED

WEABRZI160866 ONS [ 0001] This application clai s bepaEis1000067644
and priority to U S. Provisional Patent Application
No. 60/ 746,260, filed 2 May 2006, the disclosure of
which is hereby incorporated by reference inits
entirety. BACKGROUND AND SUMVARY [ 0002] Enbodi nents
relate to the field of optical netrol ogy, which uses
vi deo based inspection systens, coordi nate neasuring
machi nes, and nul ti sensor coordinate netrology in the
nmeasur enent of form size, and location in production
BASTRIBRIANGTCORNSIDR SAS EXEINDIRTT0fS ATXAPAER ARD METHOD
I nspection systemis described in U S. Patent No.
6, 518, 996, the disclosure of which is hereby
! Ucorppra&?@%ﬁﬂ@ﬁﬁ D KNP %ﬁdﬁfﬁ“cﬂh\? 0ses a
vi deo i nspection apparatus including a conpac -Z-X

measur enent axes (3 PdtlemIIPMAPREGCAG I6pNScs and a
[oooYf d€0 Cafrra moynted to {hevert An%agﬂgmt rang| @t holcional Patent
[ 33 rt { ake f%e T

is. Thi's I'cal "i'maglng system €an orm

W L ML A R

vi deo canera. On sone systens, the objective |lens can
by refgrengedp BYCWITEH a | aser range sensor systemto provide

a Through the Lens (TTL) | aser range neasurenent

capability on the same object being viewed by the

vi deo canera. Thus, nore specifically, enbodi nents

relate to TTL Ba<eK GROJENS2AD SYMBMRYsed with

tical trol ogy systens. 03] Two exanpl es .qof | aser
[000Phnge sERSOAMGET EHES %@ﬁogept&ébmasrglagwﬁb Fisep pislco based

~ lens include triangul ation | aser range sensors based .
INSpeSHOR KESIEHPS, ﬁ@prﬁﬁu@ge REHEERS Bychipesyam] npliisapsor coordinate metrology in

the measurement of form, size, and location in production and quality control. An example of
such a video inspection system is described in U.S. Patent No. 6,518,996, the disclosure of
which is hereby incorporated by reference. The 996 patent discloses a video inspection
apparatus including a compact Y-Z-X measurement axes system with imaging optics and a
video camera mounted to the vertical Z translation axis. This vertical imaging system can take
the form of a shared objective lens above the X-Y stage, followed by a zoom optical system,
tollowed by a CCD video camera. On some systems, the objective lens can be shared with a
laser range sensor system to provide a Through the Lens (TTL) laser range measurement
capability on the same object being viewed by the video camera. Thus, more specifically,

embodiments relate to TTL laser range sensor systems used with optical metrology systems.



4,595, 829 and conoscopi ¢ hol ographi c sensors taught in
U S. Patent 5,953,137, the disclosures of which are
wheoroghgossercor por at ed by reference. A TTL tri anPUi/as200m067644

sensor product is manufactured by Quality Vision
International, Inc., Rochester, NY, for their
i nspection and neasurenent systens and their
subsidi ari es' equipnent. Usually in such TTL
triangul ation sensors, laser light is directed to the
obj ect or surface through one half of the objective

[000Bkns' edtwarxemplseipf lascrHengs, scpmr sgdftems thot tdsebodjrdeyed vlerough the
| ens’ "entrance" pupil since light is entering from

lens ir@ide asezuhang s aenser sensbhe bsadenphpiplindplas edsoned in U.S. Patent
function as the "exit" pupil as will be seen bel ow.

4,59 ¥mearidn@nbi@Pic Illddrksc JeherOBiugled in Q.S SPHERG®53187,itBe disclosures
refl ected and scattered, and the scattered and

of vglﬁ(fﬂ afd %grel)§7 QHéoxp&%éQSmb@@f'&eBEH oMafTE hiaf ibn h@hgorofnoduct is

t he objective |l ens previous entrance pupi as the

mangfgﬁiedbb% d@{&%ﬁ% Rsi & IIEteHﬂB&AaI fﬁgéklﬁ%e%?t N?r %% t%elg 1nspect10r1 and

ect returning td t aser ranfje sen

det ect t .
meastugeréleeng 8§%€rl8§n&ttﬁ% Subs O}d%&%% IC Cqéep%i%{; r %u%@i % Eltl(a’l lf“IE trlangulatlon

| ocated in Jerus | srael i ght passi o )
Sensefy ]6% Kehthis dgRgte éo gjﬁj dugct @& sqlréaﬁg throH 2 alg?? fhe objective lens
pupil, is used in the detection process. Because of

b3

entrane peiik Flsree e roleys thaobibgth lanse Trincs @ pepi snagdight ihentering from
objective lens aperture and its associated pupils, we

the lngf emgeoetdoe ‘Aleeshnfoputihen| dgefuncamges gensoett” pppil gatvill be seen
systemexit pupil to fill the entrance pupil of the

belo®@bpaed thy dight@htkes FRrobfdcabesteites it¢ortladttthdnestird, agdthe scattered
as the definition, the objective |ens entrance pupi

and tSletbe h%m@seefbaémm&@h%é VR hen S ARCHB R e $r@Rr@Sous entrance
"seen" by light that i's entering fron1the | aser range

pupif G pu lﬁ'ed&&ﬁﬁ e&d‘@xﬂ{ g@rng ANIEGELF W FALLRA AN REATho 1o the

dlanete nor t r ef and scattered return beam

met ers.neces esent the exact, di anet ofy._.:
1aser r%rge sensoyf tor dete tlie egornGOé CsEpsor rc%%e bSélglﬁ]asS at ogzr%y 6pt1met or
|II|n

Optiga dfetr PQYQﬁé@r Eocafe g@'éﬂﬁ%}?f&d ¥t I8 6{P3§lf1agrlﬁg=k BEgpythe entire

_systens collimate the
objective lens , now the exit pupil, is used in the detection process. Because of the different

ways in which the TTL sensors use the objective lens aperture and its associated pupils, we refer
to the need for the laser range sensor optical system exit pupil to fill the entrance pupil of the
objective lens. For statements contained herein, and as the definition, the objective lens
entrance pupil is the image of the objective lens aperture stop as “seen” by light that is entering
trom the laser range sensor. Neither the laser range sensor radiation beam diameter nor the
reflected and scattered return beam diameters necessarily represent the exact diameter of the

pupil, as the degree to which the beam should be filling the pupil depends on the particular



radi ati on they enploy. [0004] TTL | aser probes are
typically designed to be used with a specific
wobjogasisee | ens entrance pupil size, as |ight PCI/ERR07/067644

fromthe | aser range sensor. A typical inspection

and/ or neasuring system 100 using a TTL | aser probe

arrangenent 110 is shown in FIG 1. The neasuring

system 100 typically includes an illum nation source

105 that provides illumnating radiation to the system

100 via a beamsplitter or the Iike 106. The probe
TTLssest@nyded Oenihogldaalb@derndsehthat bt tawWlFd scher gpitemalcollimate the

system 120, which can include a beamsplitter 121, a
radiaziopmhdyenplgyst em 122, and an obj ective | ens 123 that
focuses radi ation on an object or surface to be

am ne 4, Th measur.i ng ,system can further

i nagﬂ'Tiﬁ?fngfq nae Pl PdeTepBe i 86 Uiep gHEb F eer G ebtive ens
fromthe object or surface to be exam ned 124 onto a
entrgisp Pl 1130, 25 Bt sBREOROMIbe dapr et hessers orPiwt inapegpn and/or

canera 140. [0005] As shown in FIG 1, the beam 111 of
meagfiiagreyeem d 0D susipged difdblayer ggalad atrangameexit0 puoivnsinZdG. 1. The

of the TTL | aser probe 110, and is preferably designed
meadu@ing isyskent 180 ofpjicalt inckedbensillentimang eopdpilD5 diat @t gluminating

D, which nust be properly filled by the radiation from

radiatiB® P Habgs@md1dohea k Btath Rper R frtherteth6ambe HEMcts@s&d 110 emits a
light for optinmm perfornmance. The degree of

laserﬁ%ﬁrfllolrlm%%dstﬁQ%bﬂda}/ E}Jsﬁén{ @20( '\thhdhr}Qn Oficldde, BRhT §NEe: 121, a zoom
pupi | depends on the particular |aser probe enployed.

lens g %e?n %i g(lj %?Fb ggiv%%ﬂsvl§3 éﬁzg%ows%shm&ﬁgérf In? L& %E ect ot surface to be

rance as entere rom aser rang
to be used, t aser, sensor I
exanpce L T%%eﬁ%uflgg SRR Beb P ol R et §}S 135 fhac focuses
, ht neasurement se SItIVIt .. n resolutlon and
hghté%%gieéégﬂm Oim efvserfgfﬁ ‘iorhﬁr‘?ﬁ%éﬁnﬁ‘g ﬂﬁ%%e asgipson L) g sensor 130

gééectlve | ens, the |aser range sensor should be
can hegife s¢ngereef at@ﬁD camera 140.

[000

[0005] As shown in FIG. 1, the beam 111 of diameter d is preferably equal to an exit
pupil size of the TTL laser probe 110, and is preferably designed to fill the objective lens
entrance pupil of diameter D, which must be propetly filled by the radiation from the probe
and the returning reflected and scattered light for optimum performance. The degree of
performance sensitivity to filling of the entrance pupil depends on the particular laser probe
employed. If a different objective lens with a different entrance pupil, as entered from the laser
range sensor, is to be used, the laser sensor will operate at less than its optimum performance,
particularly in height measurement sensitivity, range, resolution, and accuracy. To achieve
optimum performance for a given objective lens, the laser range sensor should be redesigned to

match the new diameter of the objective lens and the resulting new entrance pupil size.



mat ch the new di aneter of the objective |ens and the
resul ting new entrance pupil size. Redesigning the
WO awen3@sse®be every time the objective | ens' enPCHOSHEO7/067644
pupil, as entered fromthe | aser range sensor, is
changed is costly and cunbersone. There thus exists a
need for a nore flexible TTL | aser probe that can be
used with nore than one objective |lens pupil size.
[ 0006] Enbodi nents provide a nethod of changing TTL
sensor radiation exit pupil size using an
Redesigpmpg shohte grvhactehonmophd elatctisy dtnensnasnempupdapt ertered from the
properly fill an objective |lens entrance pupil for
laserwhigzhschdve, if Tharged socoshasndoimistegingndthercTthes prief e meetfor a more
adapter is based on a Galilean optical system though
flexilfle KaP) 189t pRLO BHak €8] bAIEARYR MRAE 1Ga RN SbREMBI QYL GupWikd
the adapter installed, optimm performance of the
| aser probe in height sensitivity, range, resolution, .
[0006hd acclirdeginars pOvieHi @G@deﬁft%é%ﬁmgc%gﬁgﬁeﬁ@ftf%amﬂ exit pupil
| aser probe's optical system design, saving tine and
size pomeyn cHmbedihmentrsctiph| dptiek pantdn s agedtpteacto prioperdTiill an objective
sensor systemradi ation as desired for TTL sensor
lens siytgdnearpu@tioatsibiih thhalLi snwee il nat &digoed. Mha pedttddrmied: is based
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0007] FIG 1 shows
on 28GELAe MR FeeheseniaL iIQ:?_leﬁﬁn 3piidaPh@lgeinBSPAE tHeQm@RRd. With
measuri ng systemusing a TTL | aser range sensor and an
the &BBJLC? %stﬂl@@,%zédlﬁgh NG RYRhem SN@EING, %B%bineﬁéi%ﬁ{esehﬁﬁﬁty, range,
[0008] FIG shows a schematic representati on of a

. . g ’ ot . T .
resol:pggrpea% ' QLA %%Eé‘é il dZ\%’lﬁlO%{ncHﬁll e Taker %%ﬁﬁ%rs optical system

nge sensor "and an optic zoom | ing sys
.sharing.an objecti lens with the | aser range nsor
s B RO R ST RIS, SHbORT NG SO T R0RS] Bl ferney ystem
. shows a schematic representation of a_ beam expander
radiageq gt 6*?51%@5 {6 LdisaisRten [orier tpr & colimags g ngn-collimated.
schematic representation of a beam contractor
according to

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 shows a schematic representation of a typical inspection and measuring
system using a TTL laser range sensor and an optical zoom imaging system sharing an objective

lens.

[0008] FIG. 2 shows a schematic representation of a inspection and measuring system
using a TTL laser range sensor and an optical zoom imaging system sharing an objective lens

with the laser range sensor optics adaptor according to embodiments.

[0009] FIG. 3 shows a schematic representation of a beam expander according to

embodiments.



enbodi nents. [0011] FIG 5 shows a schematic

representati on of a beam expander according to
weredodsmsent s. [ 0012] FIG 6 shows a schenmati c PCT/US2007/067644

representati on of a beam contractor according to

enbodi nents. [0013] FIG 7 shows a schematic

representati on of a beam expander according to

enbodi nents as it works with non col Ji mat ed beans.

[0014] FIG 8 shows a schematic representation of an

adapter according to enbodi nents and including mrrors
[0019]o " f ol H¥Gt hehadaptseheraticoeprepamtatioo orfprbtant gppracf@QLEdrding to

FIG 9 shows a schematic representation of a netrol ogy
embsdisiem using a TTL | aser range sensor and the fol ded

adapter of FIG 8. [0016] FIG 10 shows a schematic

epr ese tiLon of an_adjustable adapter according to .
001 bodi mbiesS PO RF G IPSHEH . SERhtaR) gpnder according to
representation of an adjustabl e adapter usable with
embe@mepd! | i mat ed radi ati on according to enbodi ments.
[0018] FIG 12 is a schenmatic representation of a
[001 thod ﬁfGa@%H&'V{‘Q stCE&nﬁild_ttegttese%ftati%nToELa 83 o fh @NUS ccording to
ensor probe to an objective of a zoom |'ens systenw?or
embOIi%htsthe probe was not designed according to
enbSdi*ment s. DESCRI PTI ON [ 0019] As schenatical |y
represented in FIG 2, a netrology system 200 can
[0013]ncl uderam. 7|dhuwh natdheatsotihese@ddoBD s ebcamde-phhdfd dcBording to
directed toward an illum nation beamsplitter or the

embodiments as it works with non collimated beams.

[0014] FIG. 8 shows a schematic representation of an adapter according to

embodiments and including mirrors to “told” the adapter into a more compact form.

[0015] FIG. 9 shows a schematic representation of a metrology system using a TTL

laser range sensor and the folded adapter of FIG. 8.

[0016] FIG. 10 shows a schematic representation of an adjustable adapter according to
embodiments.
[0017] FIG. 11 shows a schematic representation of an adjustable adapter usable with

non-collimated radiation according to embodiments.

[0018] FIG. 12 is a schematic representation of a method of adapting the output of a
TTL laser range sensor probe to an objective of a zoom lens system for which the probe was

not designed according to embodiments.



i ke 206 which diverts the radiation toward an optica
system 220. The netrol ogy system 200 can al so incl ude
w@200Th3d8ecer range sensor probe 210 that is di PEDUSI07/067644
through the illumnation beamsplitter 206 to the
optical system 220. The radiation fromthe
illum nation source 205 and/or the TTL probe 210 is
directed to a surface to be nmeasured 224 via a main
beam splitter 221 and objective |lens 223 of the
optical system 220 as in the typical system shown in
FIG 1. A portion of theESEti®ri®ey and scattered
illTumnation Iight fromthe object or surface 224 .
[001Passes thrdigghticdls erresensplin f1er 2.20ncEplaonses #0xgaarclude an
| ens 222, which sends the radlatlon t hrough sensor
Munmgmsan@r¢@O&%ﬂxﬂena@akgené@ﬂIQB@wmshuhﬂagkmhenbemsqﬂﬁmrorﬂw
of a CCD canera 240. Another portion of the reflected
like 20dwhichidivertedhd talidtivm advaad ah ioghital Ketant B80.tThet herrdlddy system 200
probe 210. [0020] As described with respect to the

can A1¥PineRle aArr@ENBPeITBMgeAkndol Grobl, 210N8a0RjIREd LY ehrb@ISthd ARimination
has an entrance pupll di aneter D that nust be

beanp sQREL 12¥6 fid ltlllceg Ig%gférrf aglj, &l ORRRAF Sl e MRNGLARS source 205
fromthe | aser TTL probe system 210 for optinmum

and /& OE%)QI:I#_i EPoba@% %C rect%_gl o surgaE as! l[’)en%nstured}_ﬁge%af a fna%@ﬂoeam splitter

aser esi or a er ent
ctive le th n that inst Ied n th ste \
2t PR BT Pt S&%Fﬁn&?b S Pl B S E%Wﬂ W FIG. 1. A
sensor radiation dianeter d' that i.s not proper

portignpddhg gitlegthe 2ahbsaee IBupntiog lighefrem He. 0%@%?&#’% ¢gt passes

objective lens pupil for the light emanating fromthe
throqup| theheiye shlicwrds anthenggia zqeuplehs £ vthieh scatiuthy bdiagan through
of radiation reflected and scattered fromthe object
sens@2ins T2etor gk umagdami B0conrtiey ebe tdusougha WA cirhea i2#0. Another
is the objective lens exit pupil for detection in the

portio8 $E thel rafMg@e:ds@ A SettefAQRhhin A thh MRAISs 2l tAe BT pralse10.
range sensor optics adapter 250 between the TTL probe

stem 210 and the objective I ens 223. Preferably, th
[002 apt er zwsqr@e%%@e‘r@sgﬁé‘% Heds el arrangement of FIG! 1 the ob ective

lens 223 has an entrance pupil diameter 1D’ that must be propetly filled by the radiation beam
211 emanating from the laser in the TTL probe system 210 for optimum resolution and
accuracy of measurement. However, when the TTL laser probe 210 is designed for a different
objective lens than that installed in the system 200, the probe 210 emits and collects radiation
211 of sensor radiation diameter d” that is not properly sized for the entrance pupil diameter D’.
The entrance objective lens pupil for the light emanating from the TTL probe becomes the exit
pupil for the return beam of radiation reflected and scattered from the object 224. The return
beam is conveyed through what “to it” is the objective lens exit pupil for detection in the laser

range sensofr.



TTL probe system 210 and its entry point into the
optical system 220 with which the probe 210 is to be
wais@d/130Bhe adapt er 250 includes optics 251 thaPCEXPENT067644
or contract the radiation emtted fromthe exit pupi
of diameter d' to fill the objective |l ens entrance
pupil of dianeter D . In enbodi nents, as seen in FIG
3, the adapter optics 251 can include a first |lens 252
that diverges the radiation 211 produced by the TTL
system 210. A second | ens 253 receives the diverged
[002}]adi at i EmRUEnardplhesolayesrandrescnadi apttico ndagtert2a@ between the TTL
desired entrance pupil diameter D. As shown in FIG
probd,sydtdre 210 asd tHeehgcRo2earl3bBregerahly ehghdagtdr €8S js pdetd bedheen the
as a negative focal length | ens, that can expand the
TTLEbSYstRMI0add at ey Zdidi ih® RabeicaBsyk@ATER0 val WEith MR probe 210
'ens 223, such as that seen in Figure 2.

is to Ak Leanahi Y&loYer 28§ in%ﬁ'ﬁ%oﬂtﬂs bt ﬁhaé’@x LAE of &Jtlgﬁtactl BRS8N emitted
can be a converging | ens, defined g@ a positive foca

froﬂa%g%g{n Hu, Mof d?aﬂgetérgﬁ S %gﬂg ’obfegt?\%l lgﬁsn&tiaﬁgeggnﬁp%]soeﬁ(g%ﬁggr D’ In

iverging lens, defined as a negative

| ens, thus co acting,the TTL di ation t tc .

conb R sy e OR O o 1 B B PRI DH! P hRrBRns i tha diverges
addition to the Galilean type _arrangenent aqof the ,

the qaglﬁ%%Z@s@f,odz@i byeis ddi lmisted &hh AepfPey logs KepresFiveamthe diverged
type beam expander or contactor, as seen, for exanple,

radigign Rl 58)d Bselped tBe rAdmtigpehtharlcsired angrermsritupil diggeter D’ As shown in
convergi ng | enses 252', 253", defined as positive

FIGf Hlad fidsemgt 252|cembe s divargengdapl dofiedd wi 4 hegativel fnta temeidhi lertsethat can
focus therebetween. Wiile the Keplerian arrangenent

expa@dl itld TIAL €gstdnh eaditeied 2fl Do fhadc@raghdagr btgdrsieslehn 22 uch as that seen in
adapter optics 251, the internediate focus usually

Figuk Tt @gicF @bl dly, e agshensrine, oRtfrGSens BISan Be FRbIVBENG lens, defined
arrangement  as shown in FIGS. 3 and 4 shoul d be used

Sy S ROLT REo@N 1ADTH1G hdORELICH . BLR A8SLLEH: 4 I diveroing 1
asaﬁ%bhrd gé no%edeggét e p%%hehts are %ully %hnct?oﬁ§#m¥;en&
deni 1 0O TR A0 NP 05,0 ATk 58 S0« s
. further reduce the size f(}he adaB}qé 50, mrrors
objegtlys 1gs eHsrey 8P gmlaf:‘@&tlg addition to the Gallean’ type arrangement of the

lenses 252, 253, embodiments can employ a Keplerian type beam expander or contactor, as
seen, for example, in FIGS. 5 and 6. In such an arrangement, two converging lenses 252’, 253,
defined as positive focal length lenses, are employed with an intermediate focus therebetween.
While the Keplerian arrangement eliminates the need for diverging lenses in the adapter optics

251

b4

the intermediate focus usually undesirably lengthens the optics. Thus, a Galileo
arrangement as shown in FIGS. 3 and 4 should be used when shorter or more compact optics
are desired. It should be noted that embodiments are fully functional with non collimating

variations of TTL laser range sensors as shown, for example, in Figure 7.



a fol ded adapter 850 as seen, for exanple, in FIGS. 8
and 9. In FIG 8, the first, I ens 852 sends radiation
W 000a/18G866t m rror 854, which directs radi ati oPCT/OSH07/067644

second mrror 855, which sends the radiation through
the second, resolving |l ens 853 and out of the adapter
850. Using such a folded arrangenent of the | aser
range sensor adapter 250, the volume and | ength of the
adapter can be reduced. Further, the fol ded adapter
850 can be used to allow a nore conpact arrangenent of

[0022he TTLTedwslmr relpst 8m szt ©f diarceptehdOagaptre carBOeronyed to create
effectively bend the radiation 211 of the TTL system

a folddadaptea8si ghtcrghio] &pmak, BEEMGSE B afd G InFETAVBY éhe Gifstf lenwes52 sends
mrrors can be enployed to alter the size of the

radia@idARS @MiratdrbhesARGi@ hetweahant by eshdaxirtor 865 tWi8ch sends the
radi ati on as desired or appropriate for a given TTL

radia%@ﬂ%gfou%HQEce E@c@ﬂ(‘ﬂ 1@?&1\519 QY g@graQWLﬁ-of [tgg%éipter 850. Using such a
Addi tional |l y, enbodi ments can include an adjustable

d i | ust t] t
told a?%ﬁ%ggmgle%g %h\glr%%f %ﬂg@ﬁg@lggosr a%?&tgr SR E S ot lgeh%%}of the adapter

is pre ocal” Zoonmi system a v

con SirBeat EUEYE: Bl 1OAE sdehe IR O it AR e comprer

collimted beamusing first and second pgsitive Ienseg
arranggmont 4B, Thutseie Itides AP seadte gnwtextilacerectgny bend the
“between the first and second | enses 1052, 1053. Wiile
radiafige 28} apihe TeNapmpicer 0 arpcight andges srgedn i hdilere gpidvrag mirrors
doubl et lens, the at | east one extra |l ens 1054 can be
can ke sinpighel eenter alhe $imnst, ths udhptasaral thoubgletbediceregirngnd exit of the
| ens, or a group of |lenses. Mre than one | ens could
radiafien Us&dirt Dot HPE@ABER HNE gRAPAME is@i3oOsyse/indasdttadyyhatdvare.
and/ or bal ance nonochromati c and/or chromatic
aberrations. These additional |enses efqﬁgf both fjxed
[0023]¢ novr‘\ﬁgaﬂoa%lpje RAPAGMSATSE & 174 3? ot sl é@%Pff‘éleSO with an
~expansion/contraction ratio and aberration bal anci ng. .
adjusgpla eptiett ewsternd 851, svhigh an geaderaldly v eforthezonpy atsieen, a very simple
el enents of the at |east one extra |l ens 1054, enabling
exanyyeimeth is shown in FIG. 10. Such an adjustable system 1051 can expand or contract

a collimated beam using first and second positive lenses 1052, 1053, but includes at least one
extra lens 1054 between the first and second lenses 1052, 1053. While the simple example of
FIG. 10 includes a single moving doublet lens, the at least one extra lens 1054 can be a single
central lens, such as a doublet diverging lens, or a group of lenses. More than one lens could be
used to increase the expansion or contraction ratio and/or balance monochromatic and/or
chromatic aberrations. These additional lenses can be both fixed and moving, depending on the
nature of the desired expansion/contraction ratio and aberration balancing. An actuator 1055 is
arranged to move the movable elements of the at least one extra lens 1054, enabling movement

of the at least one extra lens 1054 along the optical path of the adapter, as indicated by the z



of the at |east one extra |lens 1054 along the optica
path of the adapter, as indicated by the zaxis in FIG
wao7/Ilmse@ct uat or 1055 can be manual or power eBCT/US2007/067644
mechani cal or el ectronmechanical. For exanple, the
actuator could be a slide system a rack and pinion
system a rotated cam system or another suitable
systemto change the position of the noving el enents
of the at |east one extra |l ens 1054,. Radiation 211
thus enters the adapter 1050 and optics 1051 and is
axis fndd (s &0 By achetor i1 P cahdsnap08Dr pentersmtdhanigrl of elgstromechanical.
one extra |l ens 1054, which diverges the radiation
or behgle tht agniter soddhtbe pasise sydrdinouglrktdng seoondtdrens rotated cam
1053. The second | ens 1053 resolve the radiation into
systehf)@r d@sthéreditHlZ & stef lcBaide tBXbdsSidnhe tBPkioGisg LRMENBRM the at least
adapter 1050. [0024] The afocal zoon1opt|ca% syst em of

one &Hﬁ 1@@1 1@%/1 aﬁi@at@gwq & us Jegégs ﬂh% a@ ér 1@9@ Er%jogﬁ%g 19%€nd is focused
wth colli'mated radi ati on. Howev there are | aser

by tl{eqﬂgcqer%yl%ﬁf "Ry EJ%%E atelgis%_ogé’]&t%%ds q654 q&J YR & %e radlatlon before
conver gen I atlon 0O eha use 0 the a

. ch div on t bea

ol et or SRR T Rciede B pRErT b s ndﬁléaa%ﬁ!ﬁ?efefoéwsthe radition

o ESRERL YR L AL RS LR TR B 1 L0 Lo

in FIG 11 and i ncludes a positive |ens 1156 bef ore

[OOZRQe at &ﬁ@%ﬁocﬁ&@oﬁ)gm@all sfitém Liad Qfustbe adant 8550 @PdsCsiited for

I n addi tion ere a divergent or convergent

use %h tcoﬁ%@dl f?édlqg(?tll rlﬁg\k]ev%r nggat e{rg? 59!{ ra%%? s§sltf¥§s %p%lan dt zald collect

respectlve Y, prdper f'ocal can
& ter the afocal .zoomle o0 nodi fg getouagﬁt of the
Ver&?%cgf B o7 T S 1 e0x8 ary’ §§F/s e Bt vergent or
i ncl udes a _divergent |ens 1157 that diverges the
CONVELNHRGIBY OB XER HgPPBCE R EBac P s PAES Ofﬂéggé‘é%]c?ia? pegectively, of
above, the positive lens 1156 could be replaced with a
the prepetiped langthspias te sheliordroedrvermi Pishraaapdificdadapter is shown in
Simlarly, the negative |l ens 1157 coul d be repl aced
FIGwi 1t 4Andangedis tipeeitiveless { Bodeihak thaoat I¢akeorexdstra aarh! $4 ofmhe adapter
the second |l ens 1153 into a converging beam In
opti®@ddbt.ilamdditoe, atldst ddrgent or convergent exit beam is desired, a negative or
positive lens, respectively, of the proper focal length can be added after the atocal zoom lens to
modify the output of the afocal zoom lens. The exemplary system of FIG. 11 includes a
divergent lens 1157 that diverges the radiation exiting the second lens 1153. As described
above, the positive lens 1156 could be replaced with a negative lens to condition converging
radiation. Similarly, the negative lens 1157 could be replaced with a positive lens to condition
the exit beam from the second lens 1153 into a converging beam. In addition, the adjustable

optics system 1051 can be folded in a fashion similar to the example shown in FIG. 8, but it will

take up more volume than the system of Figure 8.



optics system 1051 can be folded in a fashion simlar
to the exanple shown in FIG 8, but it wll take up
woreoog/1ssbaine t han the system of Figure 8.[ 0025pPCT/US2007/067644
Enbodi ments thus conprise a nethod of using a TTL
probe having an original exit pupil size wth an
optical system enpl oying an objective requiring a
di fferent, desired entrance pupil size as entered from
the | aser range sensor, the TTL probe emtting, and
recei ving, radiation through the original dianeter of
[0026he exi EnpheginhentsThes petibrod 2 raghaholwsirgoh ERBPrabal Haying an original
FIG 12, can conprise providing a first |ens that
exit phpihgies viithearobp géahaystahh amei@tingoin bhectvadicgtitiofn a different, desired
transmtted by the TTL probe (block 1210) and/or
entrHcO\puflil RGe ass@tepd t@Asht hatr t2selvesrt e Tadi @bbOBmitting, and
with a desired diameter substantially equal to a

:mca%%%}ﬁﬁﬂﬂ&@hﬁ&%.N%hégﬁgnﬁﬂh&Q&QBopHﬂJ&qﬂbaﬂﬁﬁ@J1£9£&§Km shown
. Either bot h” of these can be enpl oyed

sche&qgéaﬁ§7 ganIthp] I‘@V&agll 2, qtse F%@ﬁﬂrgg{]ﬁrsp %Eglthtat Al g«fgs tlnﬁ gﬁgmal diameter

to e éntran exit

oo RSRR B %@%9%@2%0%@5% R80T g ens 0

I n enbodi nents, providing a fiyst |ens (bl ock, 1210)
resolyginthgfadipigharthy? detet ide e ovPaitghaca b ¢ daeed Ob cctive lens
mrror (block 1211), ﬁrOVIdln at | east one extra |ens

entranist pekil dpmeyer (el 63200 éthsdiondodt of gust canbe ApPlabide In addition,
el ement (bl ock 1213). Again, any, any conbination, or

provalitg ofleshesecondniobiegilansIpuided thegnparceiot vk after the exit of the adapter
enbodi nents, providing at |east one mrror (block

(blodk212B)) gihehetalbsd inntk uteBopbotsrdbibgk t W), BtiokobBck DRWC kr on its
1214). Providing a first lens can, for exanple,

own! MCMLRHRRY beiviBn@a ﬂﬂsV@ﬁQ{bﬂ&kHQ[@ ca Rl RSN d;» @Brﬂ[%s@ providing at
second | ens can, for exanple, include provi

least%gg\llﬁfrgf Q)CLQQ g nérg%d g%@k%& ohpgxstraq BeRgo ke}ecmd/ orll?]cludmg at

rad |at|o as se FFGS. 3 and ernatl

1easttor}1% movalg%delgnfl%j% R@o& e 5/ " (g%.\l’/l% galﬁlg éamalglon oge SofC t%ese can be

cl ude provi a con provi

inclugﬁcgolggg%gg.ﬁar em nbodn r%erﬂs eprgxrflgl\éllgdz{tqgas‘? 09121 Vn?lgr t r‘(nglock 151 1) preferably

includes providing two mirrors (block 1214). Providing a first lens can, for example, include
providing a diverging lens, and providing a second lens can, for example, include providing a
converging lens, the adapter thus expanding the radiation as seen in FIGS. 3 and 7.
Alternatively, in the method of embodiments, providing a first lens can include providing a
converging lens and providing a second lens can include providing a diverging lens, the adapter
thus contracting the radiation as seen in FIG. 4. In a third alternative according to

embodiments, providing a first lens can include providing a converging lens and providing a
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thus contracting the radiation as seen in FIG 4. In a
third alternative according to enbodi nents, providing
WwW@2007ns386é ens can i nclude providing a conver gi PQI/USI087/067644
and providing asecond | ens can include providing a
convergi ng | ens beyond an internedi ate focus between
the first and second | enses as seen, for exanple, in
FIGS. 5 and 6. [0026] Providing at |east one mrror
preferably includes arranging the at | east one mrror
between the first and second | enses, the at | east one
secondl kepp raty ieflbée piomglitg agtvnvéngmmlethdefondsin ihenmedige téms between the
second lens. As seen in FIGS. 8 and 9, for exanple,
first prichseccolidignsat ad eas troonempler dIGSahagphé.t | cul arly
conprise providing two mirrors such that radiation

sses through the first |ens st mrror
002hEf | et rf@fmtfl?ee ot AT s O rSSeBnd s Grret i Pinfgast one
~the radiation through the second | ens and out of the
mirreragstesn. thTHest apdyiesotsblenserthe adrat PonmErreriisrgng bt from the first
adapter and radiation | eaving the adapter is
lens pr efeeteadidylesubstsagt inalfIGH. & mdtdy taegreek, ptovslighatdtdsepne mitror
angl es can be enployed if required or desirable.
can DO}y Pomptish mgvidinglreasiirrofseuex thharalatisn pataebrouplhée first lens
first and second | enses preferably includes at | east

to a GRE niTBYARIEctBLaAR Adiation enakt@®nadhitist E@B&tn:%fth& ARliAAYh Abiough the
of the adapter, as seen in FIGS. 10 and 1

secoﬁ@ LYRLOH GRNLDOGe paHQQ’tkld efhef Qllct hewatn {aﬁﬁﬁx)n Qﬁ%nﬂg ab Ia(?ap ter and
el ement. Providing a first ondltlonlng ens ca

radlaltlgﬁ |1e%91%% I?}Ilﬁfagdt E%f Esgﬁefeka%%t sugg)t?%la % %{E’] Q? ﬂl?o Weo%@eraggles can

entranc apter e oﬁe ext
b @ (%gat &e mlﬂon col l'i mat ed radlatlon and alters
CGPH YeRa At F e at | east one extra |ens.

Addi tionally, prOV|d|ng a first or second conditioning

[oozbﬁns CaRrdvithhdIfl8eRt 86d BGrallpe 18@REint tho ik A And €SN BLIMEGTeferably
e at | east one extra lens and the exit of the

inclAEARIEE: JRatoVaBr IMRS fAGLAL 'a&ﬁﬂstﬂ{eﬁmfttﬂgo abul §a8L AP ?er as seen
extra lens and alters the radiation for exit fromt

in F?g@pg 81’\}\% Bot gnaa 1|1art(§r ca%nge %ré&gge%ng)rctggq‘\lt tléa?t Ing nLerlee element.

Providing a first conditioning lens can include placing the first conditioning lens between an
entrance of the adapter and the at least one extra lens that receives non-collimated radiation and
alters the radiation for the at least one extra lens. Additionally, providing a first or second
conditioning lens can include placing the conditioning lens between the at least one extra lens
and the exit of the adapter that receives radiation from the at least one extra lens and alters the
radiation for exit from the adapter. Both a first and a second conditioning lens are shown as an

example in FIG. 11.

[0028] It will be appreciated that various of the above-disclosed and other features and

tunctions, or alternatives thereof, may be desirably combined into many other different systems
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exanple in FIG 11. [0028] It will be appreciated that
various of the above-di scl osed and other features and
wo eovchidses, or alternatives thereof, may be deBCT/aEBL097/067644

conbi ned into many ot her different systensor
applications. It will also be noted that various
presently unforeseen or unanticipated alternatives,
nodi fications, variations or inprovenents therein may
be subsequently nmade by those skilled in the art which
are also intended to be enconpassed by the foll ow ng

or appliianigns. \WHAT |aBoChAINVERD K8t 1varipys aresoplyi esforesgest emunanticipated
including a through the I ens | aser range sensor and a

alterZoEm, apiditatio@p paiabos os hagrbngnaits dlojd@c tiay delsebsquently made by
requiring TTL | aser range sensor radiation at an

thos@kYilR@tih Ve ArERSicIe i BB GReRIPIt be tht@nlpased by 8RIBISEAS Bkims.
having an exit pupil fromwhich it emts radiation and
t hrough which radiation returns for detection, a |aser
range sensor adapter conprising a first lens that

I i ceives radiation emtted by the through
“ﬂigﬁégﬁgﬁéﬁtﬁggf range sensor at a first size and a

second lens that receives the radiation fromthe first
| ens and resol ves the beam at a second size at which
TTL | aser range sensor radiation substantially
optimally fills the objective |lens entrance pupil. 2.
The adapter of claim1l wherein the first lens is a

di verging lens and the second lens is a converging

| ens, the adapter thus expanding the radiation. 3. The
adapter of claim1 wherein the first lens is a
converging |l ens and the second lens is a diverging

| ens, the adapter thus contracting the radiation. 4.
The adapter of claim1 wherein the first and second

| enses are both converging |lenses with an internediate
focus therebetween. 5. The adapter of claim11 further
conprising at |east one mrror arranged between the
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first and second | enses reflecting light fromthe
first lens to the second lens. 6. The adapter of claim
WG 2008866 t he at | east one mirror conprises tMNOI/US2007/067644
mrrors. 7. The adapter of claim®6 wherein radiation
passes through the first lens to a first mrror, which
reflects the radiation to a second mrror, which
reflects the radi ation through the second | ens and out
of the adapter. 8. The adapter of claim7 wherein an
angl e between radi ation entering the adapter and
radi ation | eaving the adapter is substantially ninety
degrees. 9. The adapter of claim1 further conprising
at |l east one extra |lens between the first and second
| enses, the at | east one extra lens including at | east
one. nov &bhreopdman@&%mtlﬁd&mg@h €hr3Gf Ik N8R aseff rahftseBilrRHE a zoom
of the adapter. 10. The adapter of cIa|n19 further
optlf@b AR PN AENE i2p SADIEH IR Seuy'a ERE liet wen sgipor radiation at an
obicARLNARGEhed NH1ARRALRE ARO LG Alid LA LLOOGCAbEArhich it emics
ens that recerves non-col’li mated d|at|o and alters
radiatihe anddihatugbnwhioh méeticat rdtetastfooquteelmrr, lasqystangd serfFhe adapter
adapter. o im9 further conprisin
comBEER § 16n15HG TEAE BB NLET EhSuRo GAE SR T Fareh dig lens hser
rang@Bhsbh@ ekt sif andhescaslapley thtahﬁ:t;ew@aﬁ& YRS bAGIAL tHRMirst lens and
fromthe at | east one extra lens and alters the
resolyerdthgt peam flot sesentl 7€ oth YHeh ddaplest range, sepppraradiation substantially
r a TTL | aser range sensor
Opmﬁa%dg¢%?¥ﬁ§%ﬁ£§%%%Qg%gghgggon1mh|ch it emts radiation
toward and receives radiation froman optical system
t hé Tﬂmddemer sﬁltézti@rﬂm Vhotindhngrsalnobjpebtcrgie landaal thoerpond lens is

aconwﬂ §¥3%¥ uﬂ n %%hqgn%h%rm§ﬂ§ requiring a desired

“different from an
orlglnal dlaneter of the TTL | aser range sensor as
tr aﬁE}m ztdtaptdr bhelooghwhireinaké tirspieps Is,a @nvagapies and the second lens

in fir lens th h h
isa 1&9€r ens gheaadaptefc’ Ehus ?orfc’tr;cur?g th% ra%n a%es the

4. The adapter of claim 1 wherein the first and second lenses are both converging lenses

with an intermediate focus therebetween.

5. The adapter of claim 1 further comprising at least one mirror arranged between the

tirst and second lenses reflecting light from the first lens to the second lens.
6. The adapter of claim 5 wherein the at least one mirror comprises two mitrors.

7. The adapter of claim 6 wherein radiation passes through the first lens to a first
mirror, which reflects the radiation to a second mirror, which reflects the radiation through the

second lens and out of the adapter.

8. The adapter of claim 7 wherein an angle between radiation entering the adapter and

radiation leaving the adapter is substantially ninety degrees.
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radi ation fromthe original diameter and a second |ens
that resolves the radiation at the desired di aneter,
wo b@7damsse ed di aneter substantially optimally PECT/UB2097/067644
an objective entrance pupil. 13. The adapter of claim
12 wherein the first lens is a diverging lens and the
second lens is a converging | ens, the adapter thus
expandi ng the radiation. 14. The adapter of claim 12
wherein the first lens is a converging |lens and the
second lens is a diverging lens, the adapter thus
c ot Flacadniprgr ¢fhanimddivetheroremptiing Thieasa dapear lgfs hetvademtifirst and
SCCO}II\@ &Ll .t}gehg lfeélsrt Sotnf: aCrE](EI Sfeen%qgg (![ll’el N3RS & br%toxbable element to enable
convergi ng 1ERSES W th “an TRt eraediat e °otus
adjudthefielrebsneaput dtbhe ddapteadapt er of claim 12 further
conprising at |east one mrror arranged between the

first_and second |l enses reflecting light fromth

fi 1St Thef&Pts Ct_@hfém@ei S BTy %rh t 5@%%?%1%?% between an
entrfnlc@bMhd GdWNET8H fhd N €eadl o @R8] 1eQN BN LA HoRMBNISES! hdlkion and

mrrors.18. The adapter of claim 17 wherein radiation

alterpds sedatiomrfouidh at lsest e sttrallenss to a first mirror, which
reflects the radiation to a second mrror, which

r ?H%%%g%dg% Jrad gbiﬂ%rﬂlé&ggg%%né Q?ec% & OGRS 180 Aen the at

4
of the a ter. 1 tero a|n1i8 erein an
leastang ketrblebsveelthe adi af tho ndpntrehitneretvheraddaqt pmahe at least one extra

radi.ation | eavi the adapter is substantially ninet
tens R BELRC s h s Gl CRPOBIS m o farthar et

conprising at |east one extra |l ens between the first

and2.9aconekrdlensgstent iRBudihg h EAI! 120 @2 tsE@ok PRsHe with an exit pupil

i ncludi ng at [east one novable el enent to enable .
fromawigs trfgts radiataretogiptdoind regeltch&rdipgaperm ap epticphgystem, the optical

systeﬁgfﬁgﬁlgﬁlg gjl o%le@tiixm 28 af%BIrhgﬁs s‘}&%r\hﬁl zﬂgolﬂecftiivg fhs reqtuiéirng a desired

conditioning | ens between an“entrance of the adap
diamated of hee atdidtieashatoneliféxemardrens ¢rfpatal deceiored the TTL laser range

sensgroarg_tgaglsrlnitt%’gtt}?r%uéhatdhle%gdt Ioagplf qg adapter comprising a first lens that changes the

radiation from the original diameter and a second lens that resolves the radiation at the desired

diameter, the desired diameter substantially optimally filling an objective entrance pupil.

13. The adapter of claim 12 wherein the first lens is a diverging lens and the second lens

is a converging lens, the adapter thus expanding the radiation.

14. The adapter of claim 12 wherein the first lens is a converging lens and the second

lens is a diverging lens, the adapter thus contracting the radiation.

15. The adapter of claim 12 wherein the first and second lenses are both converging

lenses with an intermediate focus therebetween.

16. The adapter of claim 12 further comprising at least one mirror arranged between the

tirst and second lenses reflecting light from the first lens to the second lens.

17. The adapter of claim 16 wherein the at least one mirror comprises two mitrors.
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alters the radiation for the at | east one extra |ens.
22. The adapter of claim20 further conprising a
w@e@onspseondi ti oni ng | ens between the at | eastPONES2007/067644

extra lens and the exit of the adapter that receives

radiation fromthe at | east one extra lens and alters

the radiation for exit fromthe adapter. 23. A nethod

of using a TTL probe with an original exit pupil size

with an optical system enploying an objective

requiring a different, desired entrance pupil size as

ent@&rBg 4dapwr rhelainad @ rvircang eadasiosgrasses tleroTFl ther Biselens to a first
i TN DB BRI 10, 3 AL SN RHAIL D% hion o e
secof®vps hisd a\@of preaMiteng a first | ens that changes the

original dianmeter of the radiation transmtted by the

TT obe; an roviding. a second |l ens that resol ves

t h@-?@?&iaﬁ%ﬁtﬁwdfﬁ%ﬁﬂ 15‘”_&‘6%?% WY SE f@ﬂf&ﬂ&@ﬁ&ﬁt@ﬁﬁg fyF adapter and
mdmﬁaﬂﬁﬁwhgdﬁwﬂ%&kf@@dﬁghﬁﬁkhﬂﬁx§&@%x@ntfance_pUp'| o

di anmeter. 24. The nethod of claim 23 wherein providing

a first lens conprises Eroviding a diverging | ens and
pr 8% dicrigaricselcdtiar 12evahenipprirses aplcaviade sytralens between the first

and ?eggf{c? feggeg,gthg %{1 %ﬁSt to%g teﬁ%ggg$ [ngfuglilﬁ%] ag xhg r&jlie ngox;agl% elemcﬁnlg] StJO enable

Iation. 2 e 3 wherein provi
adjuambntretthd emputcgniy adapsr.provi di ng a convergi ng | ens and
provi ding a second |l ens conprises providing a
di yergi ng, | ens,. t he ad er thus.contracti t.he
radi ot ORS8O FhES L RRHCDr BB 23 PP S tens berveen an

entrfdcOYT he AgapAcrfand ke 4t @S GRIRIrh BAS tHAF A¥éitHsi@naollimated radiation and
convengin% | ens and providing a second | ens conprises
alterpthspaittiog tar BeAVSIGPRgSTEAE Sheyond an i nt er medi at e
focus between the first and second | enses.

22. The adapter of claim 20 further comprising a second conditioning lens between the
at least one extra lens and the exit of the adapter that receives radiation from the at least one

extra lens and alters the radiation for exit from the adapter.

23. A method of using a TTL probe with an original exit pupil size with an optical
system employing an objective requiring a different, desired entrance pupil size as entered from
the laser range sensor, the TTL probe emitting, and receiving, radiation through the original
diameter of the exit pupil, the method comprising:

providing a first lens that changes the original diameter of the radiation transmitted by

the TTL probe; and

providing a second lens that resolves the radiation with a desired diameter substantially

equal to a desired objective lens entrance pupil diameter.

24. The method of claim 23 wherein providing a first lens comprises providing a
diverging lens and providing a second lens comprises providing a converging lens, the adapter

thus expanding the radiation.
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27. The nmethod of claim23 further conprising
providing at |least one mrror, arranging the at | east
woer@7mBessor bet ween the first and second | enseBCT/URMOA067644
| east one mirror reflecting light fromthe first |ens
to the second lens. 28. The nethod of claim 27 wherein
providing at | east one mrror conprises providing two
mrrors such that radiati on passes through the first
lens to a first mrror reflecting the radiation to a
second mrror reflecting the radiation through the
seé@nﬁhd ewshcalndf olatm @B Wh@eiadlaptfiémg P9rstThes pebhprisds gfoviding a
conveﬁgngaa pro Iglrrlllggln ecg nrl%olﬁn com nesgs erlagglld? L 2 Vf%ergrg]iltng Iiens gthe adapter
thussu@@dcaﬂgﬂﬁlrhcyaﬂajnnety degr ees. 30 The net hod of claim
23 further corrpri sing providing at |east one extra
,Eetvve thF fi rilt3 an second. | en t he at .| east
b o ABIT P ERSEIng b TV BT viding 2
convte%ir?gnl@@sj ﬁidngﬁgfng%mec&lﬁ 1&&%@%@&%@%&@% c@géé?éiﬁé lendbeyond an
nmet hod of claim 30 further conprising providing a
lﬂteffneﬂlste fegrdictvasnitergfitseand spemgldenicsan ent rance of the
adapter and the at |east one extra |l ens that receives
noB- ¢@J | |
27 e riégg{;c?g% Eéﬁglxﬁg; glﬂég)‘?nﬁ 5&% _P%MES ﬂgés@%hé’ﬁné&f arranging
the ﬁOeaﬁUDmmemrr@deWd:@I thg tpstomi deavgrddersse ol atclomd ioht amirngreflecting
lioht efl\l\gen tla} ast one extra lens and the exit
8 dg]fonfﬂ]é Haprée eh°’§‘f0 g@i ves radiation fromthe at
| east one extra lens and alters the radiation for exit
f r egntHeen@déPbeelaim 27 wherein providing at least one mirror comprises providing

two mirrors such that radiation passes through the first lens to a first mirror reflecting the
radiation to a second mirror reflecting the radiation through the second lens and out of the

adapter.

29. The method of claim 28 wherein an angle between radiation entering the adapter

and radiation leaving the adapter is substantially ninety degrees.

30. The method of claim 23 further comprising providing at least one extra lens
between the first and second lenses, the at least one extra lens including at least one movable

element to enable adjustment of the output of the adapter.

31. The method of claim 30 further comprising providing a first conditioning lens
between an entrance of the adapter and the at least one extra lens that receives non-collimated

radiation and alters the radiation for the at least one extra lens.

32. The method of claim 30 further comprising providing a second conditioning lens
between the at least one extra lens and the exit of the adapter that receives radiation from the at

least one extra lens and alters the radiation for exit from the adapter.
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