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

APPL| CAT| ONS [ 0001] This application clainms benefit of
WRGBH3EFS ty to U.S. Provisional Patent AppPGWLPHffe7e44
No. 60/ 746,260, filed 2 May 2006, the disclosure of
which is hereby incorporated by reference inits
entirety. BACKGROUND AND SUMVARY

[ 0002] Enbodi ments relate to the field of optica

metrol ogy, which uses video based inspection systens,
coordi nate neasuring machi nes, and nul ti sensor

coordi nate nmetrology in the nmeasurenent of forn1 S|ze
a b\ SFEFRCRANGE. ISENSQR SMSTEM ST TGS A DAP TERANG MZEH

exanpl e of such a video inspection systemis descrlbed
in US. Patent No. 6,518,996, the disclosure of which
i s her eby CROSSIREBERENYErANEY PRIORITYeCLANG pat ent

di scl oses a vi dg@) igigPeeETPAPRPRREAG IS4 Ncl uding a

conpact Y-Z-X measurenent axes systemw th imaging
08031 i cs afibis applicetisn deime rhanef it wd prvripheo et tFregtioml Patent
translation axis. This vertical imging (%sten1can

Appdirasion INe- $Q/17#.25P. fHedshMer A00§pthe disqlgsure| of dhick olasehy rcospomted

stage, followed by a zoomoptical system followed by
bygefecpreit iugtieiera. On sone systens, the objective

| ens can be shared with a | aser range sensor systemto

provide a Through the Lens (TTL) | aser range

measur ement capabj | a %ﬁﬁ#ﬁ@% bei ng vi ewed
by the video CM I%I(Hﬁ@ﬁ i’gﬁ [y,
[osoBpOdi MEBiSodi@kmt @alikeOtol the. ibiADE bpdcalNg@ ol SeHichSyssd @ based
used with optical netrol ogy systens.
inspection systems, coordinate measuring machines, and multisensor 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 2 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,
followed 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.



WD 2007/ 130866PCT/ US20071067644 [ 0003] Two exanpl es of
| aser range sensor systens that can be depl oyed
t hrough the lens include triangulation |aser_range
'E’Qﬁ%ﬂ%”sffased on the principles contained ifYPsa07/067644
Pat ent 4,595, 829 and conoscopi ¢ hol ographi c sensors
taught in U S. Patent 5,953,137, the disclosures of
whi ch are hereby incorporated by -reference. A TL
triangul ati on sensor product is manufactured by
Quality Vision International, Inc., Rochester, NY, for
[0003%i r | NTpe etampies afibscareage scame 3ystegnsshae van bndeptopei through the
subsidi ari es' equipnent. Usually in such TTL
letisrinclg utizmtpiloion Soersangs setlsars dnsetl iog be princiglles emtaakd tim LkSh Batent
obj ect or surface through one half of the objective
4,395,829 ardrvonesacpic inlggrdphiclsensers twehtrie e Patentt3R83.4%) thetdisglesures
l ens’ "entrance" pupil since light is entering from )
oft Which arre herebynincorperasdrby fEfecencant Pilpitfiangdation | ssgpor product is
function as the "exit" pupil as will be seen bel ow.
m@yferured byl Qeptity ision faternatiopalolc.e Rpchgsters Y feretheif jnspegtion and
reflected and scattered, and the scattered and . _
meagreraent SERtmsind theis sebsidisdesk cqinmsay Hsels ip sy Thi tangilation
the objective |l ens previous entrance_ pupil the . ,
SeRQE |2 dighs iedirested & the oBiseH 9T sretace thievebcone palf efjhg plyective lens
reflected light _retur ni_ng to the | aser range sensor

entrance kil Bigeowe feh tocBh eREH I [E75s SREHES grBY HRE dghtdy roffrigg from
o BB S P 3 s il v
beli X ot i St e et G pste G Sepferdt e g seaered
s Eacie g e SRR el g e R BB Senk Bl cotrance
Pl i B R0 e Y o Rl 000 BR0ARAL PR o o
By BB REOLEIE Wik GAPLAL U TEAED Y A
Oeat EpBBY e 0l ALl BrruNnd DR b2 3L 00D e cotie

oBJ&BS0Ens Mot AE Exid B@;fn-j, ASBLY 1AROE KBRS Plocdsd BetubedT R &iferent
i ameter nor the reflected and scattered return beam

wilk A BREY §e TEC GRS hsk Yhe oBRERS RAS afehifie Q?kﬁi@stasﬂbi&@f)?ls, Qk refer
the pupil, as the degree to which the beam shou be
tof thé hdeBGorl thelaRt Binke J8{€ BEEalOHstdnh ExiRipll ik Hi e entrdnke pupil of the
sensor used. It should also be noted that not all TTL
OBRBED [en§ Yk Sffientets| doiffAined hBRin[ asl ad ienddfifipn,etipl dbjectve lens
[0004] TTL | aser probes are typically designed to be
erdiGadd papil Bt ispR I fHe@bjabjve tshi serrhre R®p entseali e lightdial is entering
size, as light enters fromthe | aser range sensor. A
frong phe Bier irangP e@ibdrONeigRel fherlasee@sgtr seibgr syipti@nbdO0diarsdteargnoa the
TTL | aser probe arrangenment 110 is shown in FIG 1.
refliveedromd scattened rayrsthenm HBetesspiccandatily represkatdbs exart diameter of the
illum nation source 105 that provides illum nating
pupdldasahe degrdeao thichshs bam $06d \be dillmg Weapnpd gepentieen dre pattigular
i ke 106. The probe system 110 emits a | aser beam 111
toward the optical system 120, which can include a
beam splitter 121, a zoomlens system 122, and an
obj ective lens 123 that focuses radiati on on an object
or surface to be exam ned 124. The measuring system
can further include an inmage sensor |ens 125 that
focuses light reflected framthe object or surface to
be exam ned 124 onto a sensor 130. The sensor 130 can
be the sensor of a CCD canera 140.




[ 0005] As shown in HG 1, the beam 111 of dianeter d is
preferably equal to an exit pupil size of the TTL
| aser probe 110, and is preferably designed il
PRGBS i ve 1 ens entrance pupi | of di anet%‘%P/Bg,mﬂL%oﬂ:éﬁ"
nmust be properly filled by the radiation fromthe
probe and the returning reflected and scattered |ight
for optinmum performance. The degree of performance
sensitivity to filling of the entrance pupil depends
on the particular |aser probe enployed. If a different
TBhjserstr veed.| ke rsbowd tko e dioteletharmot ol t TN ecmsqsugystéms gallimate the
entered fromthe | aser range sensor, is to be used,
raglipgon| theyemplognsor wi || operate at less than its optinum
performance, particularly in height nmeasurenent
[066 S| U1 VirT, laskrPREHRs ark §PpRUIIdeQihed Bk BELWHIRE Yoecifi@objective lens
achi eve opti mum perforrmance for a given objective
@RS, pu%)jl" 8izd, AS BEht[ARBCHGR MROhsch PARL ka2, Aaff&] 39REHdOand/or
match the new di aneter of the objective Iens and the
mERSHot dyddgn NEOVuERY & AMEEladet! Pidbe Sirdfpementade sy GidiviGn tHIE. 1. The
| aser probe every tine the objective | ens' entrance
mPdgiridg, sysddin @0 §piedly idchbst Adinfiffion KABEL105 @R QEovides illuminating
changed is costly and cunbersone. There thus exists a
rafligireh tbQlie @518 100 {1k @ bieddh eplifidil od th6 lilte 106.00@ pirdttsystam 1 10eemits a
used with nore than one objective |lens pupil size.
12{e0 BOG] Brthodirdrertptipi geieciel 26, witdhhad iefude haewy spdjctdTIR1, a zoom
sensor radiation exit pupil size using an
lemsxgpaiers it & Ambant obgectivedens 4P ihgafocsyrsdisionsnan chiept ewrfacoto be
properly fill an objective |lens entrance pupil for
expiningdh 124h EheTineasering oystepesn figthediodidyrre dmagt hansgrleafsd 2F tht focuses
adapter is based on a Galilean optical system though
light t¢Bertedrfroamthe pbitet at susfreean heeramined 534 dnto wiepios J i Thagenger 130
the adapter installed, optimm performnce of the
cands de spenrd 2iGehemgtitl4@ensi ti vity, range, resol ution,
and accuracy can be achieved w thout changing the
[oogs3er pPr abehswrnORFIG A, 15e)iseh@ M 0 86 digHeterSBY bRErdbly &ud Bélan exit
noney. Enbodi nents will expand or contract the TTL
PUPENEO lof SYSTEMidsadprabd 010, asd BgSéftaly dedgntd td filb @RSEYjective lens
systemradiation that is collimted or non-collimated.
erftizhdefpuplE SCRAdRErE QY e hl kst BieAYSphitiled B9 thddatatich fadows: m@obe
schematic representation of a typical inspection and
andeds Ueturngpg 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 sensot, is to be used, the laser sensor will operate at less than its optimum performance,
patticularly in beight measurement sensitivity, range, tesolution, 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.




systemusing a TTL | aser range sensor and an opti cal
zoom i magi ng system sharing an objective |ens.

#OOOSE}FI G 2 shows a schematic representation of a
ASEAIBN and measuring system using a TL TEERPOPAHGY

sensor and an optical zoominmagi ng system sharing an
objective lens with the | aser range sensor optics
adapt or accordi ng to enbodi nents. [0009]FIG 3 shows a
schematic representati on of a beam expander according
to enbodi nents. WO 2007/ 130866PCl 11JS2007/ 067644
RedeiphBif FeheGased pwho v ryatirsc the phjettive tepgireesant papiloss coferesd from the
beam contractor according to
laset range sensor, is changed is costly and cumbersome. There thus exists a need for a more

flexible TTL laser probe that can be used with more than one objective lens pupil size.

[0006] Embodiments provide a method of changing TTL sensor radiation exit pupil
size using an expansion/contraction optical system as an adapter to properly fill an objective
lens entrance pupil for which the TTL sensor was not designed. The preferred adapter is based
on 2 Galilean optical system, though a Keplerian optical arrangement can be employed. With
the adapter installed, optimum performance of the laser probe in height sensitivity, range,
tesolution, and accuracy can be achieved without changing the laser probe’s optical system
design, saving time and money. Embodiments will expand or contract the TTL sensor system

tadiation as desired for TTL sensor system radiation that is collimated or non-collimated.

BRIEF DESCRIPTION OF THE DRAWINGS

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

lens,

[0008] FIG. 2 shows a schematic representation of a inspection and measuring system
using 2 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

enbodi ments. [0012]FIG 6 shows a schenmatic
WOFPE4UR®at i on of a beam contractor accor di Hg/yge07/067644
enbodi nents. [0013]FIG 7 shows a schematic
representati on of a beam expander according to

enbodi nents as it works with non colli-mated beans.
[0014] FIG 8 shows a schematic representation of an
adapter according to _

[0010] FIG. 4 shows a schematic representation of a beam contractor according to
embodiments.
[0011] FIG. 5 shows a schematic representation of a beam expander according to
embodiments.
[0012] FIG. 6 shows a schematic representation of a beam contractor according to
embodiments.
{0013] FIG. 7 shows a schematic representation of a beam expander according to

embodiments as it works with non collimated beams.

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

embodiments and including mitrors to “fold” 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 embodirments.



enbodi nents and including mrrors to "fold" the
adapter into a note conpact form [O0015]FIG 9 shows a
schemati c representation of a netrol ogy system using a

WO12007434866  ange sensor and the fol ded adaptBrT/HR0E0E7644

8. [0016] HG 10 shows a schematic representation of an
adj ust abl e adapter accordi ng to enbodi nents.

[0017] FIG 11 shows a schenmatic representation of an
adj ust abl e adapter usable with non-collinated

radi ati on according to enbodi nents. [0018]FIG 12 is a

schemati c represent at ippgohrprr@ihod of adapting the
out put of a
[0019] P As schematically represented in FIG. 2, 2 metrology system 200 can include an

lumination source 205 whose radiation is directed toward an fllumination beam splitter or the
like 206 which diverts the radiation toward an optical system 220. The metrology system 200
can also include a TTL laser range sensor probe 210 that is directed through the illumination
beam splitter 206 to the optical system 220. The radiation from the illumination source 205
and/or the TTL probe 210 is directed to a surface to be measured 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 the reflected and scattered illumination light from the object or surface 224 passes
through the beam splitter 221 and on to a zoom lens 222, which sends the radiation through
sensor lens 225 to the image sensor 230, such as the sensor of a2 CCD camera 240. Another

pottion of the reflected and scattered illumination light returns to the TTL probe 210.

[0020} As described with respect to the typical arrangement of FIG. 1, the objective
lens 223 has an entrance pupil diameter D’ that must be properly 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 retumn
beam is conveyed through what “to it” is the objective lens exit pupil for detection in the laser

range sensor.



TL | aser range sensor probe to an objective of a zoom
| ens system for which the probe was not designed
accordi ng to enbodi ments. DESCRI PTI ON [00%%%AS
‘é’?ﬁ@’ﬁﬁ?‘ﬁ“‘g‘al ly represented in FIG 2, a net 07067644
system 200 can include an illum nation source 205
whose radiation is directed toward an illum nation
beam splitter or the |like 206 which diverts the
radi ati on toward an optical system 220. The netrol ogy
system 200 can also include a TTL | aser range sensor
[0f2ipbe 21Bmbddiderts pladeracigdee chnfdscosog loptids aadapldr (269 bettvkamnthe TTL
beam splitter 206 to the optical system 220. The
proteediyatn 10 fod ol dbjpetivel léng 2Ph Rtdfarbls duradept2 @50 @ ipthtalrbetvwren the
| TL probe 210 is directed to a surface to be neasured
TT2¢kokn system A and ire errygaoint intethe 2ptcalaprtenn B30 thi which| theysrobe 210
223 of the optical system 220 as in the typical system
is toHwweedi Bheridapter1250 mclpdastoptics 251 thatespandfar centtiaet thewddiation emitted
scattered illumnation_|light fromthe object or_
fragy fezreis pppiliofdiamates & by Bligie obisetividementmincg pepil of Apmgiey D, In
on to a zoom | ens 222, which sends the radiation _
emhiedigieate a8 6948 #y FlGe AgheplapteroptieseS] pandeclugle A Siest lepsty2 thay differges
as the sensor of a CCD canera 240. Anather portion of
the padiationt $1d qiredycedhly @ L arsem 210 dnferredi o 2P gseives dhsudirresed
0. the TTL probe 210. [002q%$§ descri bed with respect
of &2 MAFIONES e Fdiarhathe dspireg cpirange pypf diagysiee Bt Ay ghown in

FIE Sy 2H 4 B BB PatRea 51 Tesin 2o e i P
expasd Qb o R Pdtiot L oG R R eFaie pEP & B
Fik; 2 AV repa e S i e P 94 otk DD etned
R RLORE 0PI .80 COLLCELS HPLAN0, AL, Blecying e,

sensor n dianmeter proper
' f ; [ ' I D, a1
TS e SR TLERIAE PP che AT et Ao B0 G

oblég&veﬁggb&uaﬁsggﬁmgg@ga B 1o o ﬁ-lg%m&ﬁ&m bf the

radi ation ecte nd scattere e obj ect

leh 252D, EbAAeRCAR di1oh ANENRLh HBE QD e of Borldcor, =

is the objective lens exit pupi| for detection in
serB &R lexdn@Y B FIERSPLnd 6. In such an arrangement, two converging lenses 252, 253,

defined as positive focal length lenses, ate employed with an intermediate focus therebetween.
While the Keplerian arrangement eliminates the need for diverging lenses in the adapter optics
251, 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.



WD 2007/ 130866PCT/ US2007/ 067644 [ 0021] Enbodi ment s
pl ace a | aser range sensor optics adapter 250 between
the TTL probe system 210 and the objective |lens 723.
wPéwaﬂaﬁﬁy, the adapter 250 is placed bet weeh VHE7P§E44
probe system 210 and its entry point into the optica
system 220 with which the probe 210 is to be used. The
adapter 250 includes optics 251 that expand or
contract the radiation emtted fromthe exit pupil of
dianmeter d' to fill the objective | ens entrance pupi
[0622] di aneTe furiber redue deisieciofitbanidapte®S0.gaienrsicm e @iplged Plveeate
adapter optics 251 can include a first lens 252 that
a fildvdaypsr §H0as seanlifat dxempl® id FI§¥So 8 aob? I F1G. Bethg fitst, daps B22wends
210. A second | ens 253 receives the diverged radiation
radistpnamd firse sirkor 54, théch direkitatadisiongp 2 tsérond)mirrar 865, ahich gensle the
pupi Ldi ameter D . As shown in FIG 3, the first |ens
radigpncthrpugte thy setopdy rgioling lewss853caafl ianbdf the adamesgiRPi Vedng such a
focal length | ens, that can expand the T system
foldgdprzanpemenpafithe lgsentrpgstsensor adapiey 250 he religeanddengthoof she adapter
such as that seen in Figure 2. Alternatively, as shown
cap ppepreghiceds Frther, fihe fglded ea%gptgs%”c%eﬁ reusgd 0B All@Y i mgre compact
| ens, defined as a positive focal |length |lens, and.th

“SBEBIE, o BSdI'H T REEY 3 e tPt Vet e ier @R bend the
S8 o TR SR 4P P S e et B, LM g ever i

objectjve |lens entran Il dianmeter. |In additi.on.t
caf Pl SEaBlor R it e S ¢ iy HRRIRT 2k BF Aegly hsen Sligpand ity of the
nbodi nents can _enpl a Keplerian type pe expander
R g P OB * PP Ak L e e BRRVEL
In such an arrangenent, two converging | enses 252',
(0053 | defidigehalys epbsdimeste cho dwludé an glivstitdn adapter FPE0 with an
enpl oyed with an internediate focus therebetween. .
aditizble ophies Wetphet0hhrwhishr Briprefvehly aa| 4fpdah aeams syskeen, feesey simple
for diverging lenses in the adapter optics 251, the
expmple phwbiriak shavadn F1@sifeducl aupdivesiable srstapn 108h gaorrapandiog gontract
optics. Thus, a Galijleo arnanﬁenent as shown in FIGS.
a epllisoged beam ipgl S andowepnghiperitesHensesel05h 1 0p% byt ipddss atleast one

optics are desired. It should be noted tha

hat.

exaison | fdreaven Berthiteagd pearrd Fevial 05w 10R> Mohie cbt PR eraRple of

1t 1 bl e i o e FISSUER SeR BRDLBY T ipee
0022] To . furth duce, t he si t he adapt er_ 250

ce P g T GG 1P O GRS MAT RAE G st be

f ml e, | FI GS.. 8 d,9, | FI 8. .th
w1 Fnse B8 RSN & coplhacabn Fiie 48] thlapde midorhesiade JH9/or
AR et | e
i o RO ANd S BRSO bl D nciRg dchllaig on e
S5 PR a2l QbR PUBBS Pl L RLTER BlEIRE ARy 000

M%ﬁ%#ﬁg?gagﬁgggg%ﬂgﬁégﬁg%fagqpﬁﬁfo&ﬁﬁgpﬁngﬁgﬁgﬁﬂﬁn movement

apter 850 can be used'to allow a
of WE & 1ERNRRA L AhaNBL FBRY 1 fopliAPpatt] bt $€ 23R ker,SY MR Med 1P the =
since the adapter 850 can eFfecglver bend the
radi ation 211 of the TL system 210 at a right angle,
as seen in FIG 9. Mre or fewer mrrors can be
enpl oyed to alter the size of the adapter and the
angl e between entry and exit of the radiation as
desired or appropriate for a given TL sensor system
and netrol ogy hardware. [OﬁZS]AdditionaIIy,
enbodi ments can include an adjustabl e adapter 1050
with an




adj ust abl e optics system 1051, which is preferably an
af ocal zoom system a very sinple exanple of which is
shown in FIG 10. Such an adjustable systen11051 can
BRBAWIA38% contract a col |imated beam usi ng FGHER00IAEro44
second positive | enses 1052, 1053, but includes at
| east one extra |l ens 1054 between the first and second
| enses 1052, 1053. - While the sinple exanple of FIG 10
i ncludes a single noving doublet Iens, the at |east
one extra |l ens 1054 can be a single central Iens, such
ax@a $n BIGH 0@ OThe tetghitord D35 dag bt marsial aypowsered, owphagikal bedegemechanical.
More than one |lens could be used to increase the
Fogrepamssd, oife Bruaeo kouldibt i clider gittire, ardd ard pabanyem, a rotated cam
nonochromati ¢ and/ or chromatic aberrati ons. These
sysreioli o pmledr suiwbls eystenan clyagdithe hosftior ofitha mbving eliements of the at least
dependi ng on the nature of the desired
onexpreaisisd A3 dadiatinotZl brhus entére thendapten 8950an4 eptich Hl54 ard in docused
An actuator 1055 is arranged to nove the novabl e
byahefirptdens 1072, eritess e a1 leagtcane gxren leng 1054, Viighsdivangsa theasdiggiph hgfore
novenent of the at | east one extra | ens 1054 al ong the
it gpsere e Paprat Hhreyeh theeseennd frne10536The seennd dine d0Byrerlve ﬂf radiation
caxis. in FIG 10, The actuator 1055 can be manual or
intgshgedesieed sirpbafornitesits thy onsirelOPT HRdISHII} . For exanpl e,
the actuator could be a slide system a rack and
[0pB4Di ON SYBd £6al ADofipatlehstemrpf HestasmabloidaRaotobeE best suited for
suitabl e systemto change the position of the noving
us€ n@tiaolliaed ridieioat Hbweasd tl@reare tds¢érarahge nigstdiibehat emit and collect
Radi ati on 211 thus enters the adapter 1050 and optics
didefifeiit andonvergbociadigibnb ot dnablé iuses bf Ithen sdapid Fjth emtle divergire or
at | east one extra |l ens 1054, which diverges the
conguigeat heams bBizby, embddireertsons inalnde pRsitiesotritganglns teepectively, of
second | ens 1053. The second | ens 1053 resol ve the
the ardpert focshlength priotte teteafpaabapori syaterhefudh @ micgified adagtet fyghown in
optics 1051 and adapter 1050. [0024] The afocal zoom
Flgpt1 e includss epasive lenel 136 peforcab # lagtape exraiems bl i4of hegdapter
suited for use with collimted radiation. However,
ontife k151 dpaddifens whers frlivesgrat erronyegsat e heaq dndesind & efgaﬂve or
di vergent or convergent radiation. To enable

Pq%e IsmeatspReptviys qf the Reppeg fad iegaticanbe %‘SMV’@@E f*tLJ széa?ﬂgn f5ps to
h enbodi nents can include a p itive o .
mP gthe Pé%’b’ée’{ g eafgral gorm; egs- Jhg sam éﬂswf"eﬂéfﬁ}e 813 ipghuces 2
t t h af t Such, difi
it Sl e o A B ks
bef th st Xt I 115 f th
SR e Sk g e
ragig nvegngxﬁarf ¥yl ne%agch ﬁS'P bcff ?lﬁccgl] %ﬂgt %F ve lerlls to condition

p03|t|ve es ect propdl

%%9# e g l,?tspe?djo 5 t gga fe(}%%# OH‘I Lc%iﬁl% 'Re adjustable
op%,gg&&ﬁﬁaslgmee&dgj in 'éémoé Sl WS §m9p194hx 85436, 805 wil

Iverges the radiation exiting the secon
Fﬁgﬂ the positive |l ens 1156
m&e Sﬁé%gﬁ?gé?ﬁce %kgﬁgé neéﬁtlve | ens to condition
converglng radlatlon. Simlarly, the negative |ens
1157 could be replaced with a positive lens to
condition the exit beamfromthe second |l ens 1153 into
a converging beam In addition, the adjustable optics
system 1051 can be folded in a fashion simlar to the
exanmpl e shown in FIG 8, bdt it will take up nore
vol une than the systemof Figure 8 WO
20071130866PCT/ US20071067644 [ 0025] Enbodi nent s t hus
conprise a nethod of using a TTL probe having an
origi na



exit pupil size with an optical system enpl oying an
objective requiring a different, desired entrance
gupil size as entered fromthe | aser range sensor. the
P20BIW6 enitting, and receiving, radiatiobcy g
the original dianmeter of the exit pupil. The method,
as shown schematically in FIG 12, can conprise
providing a first- l-ens that changes the origina
di aneter of the radiation transmtted by the TTL probe
(bl ock 1210) and/or providing a second | ens that
[00283 0l vesEthediments dité axmpaisd hmethotbefi usiag 2 ATApedbe thaving an original
substantially equal to a desired objective |ens
ex@ ritupi nice with gl opdiah mystesy efiplbyiugk arll pIFive Equiieg a cliffdsent,ndesired
of these can be enployed. In addition, providing at
enjtrages tpupih size oh dhteted rframy theelassr panige senser, tthre TER tRrehscemitihg. and
or after the exit of the adapter (block 1230) can be
refeiyisigu thdigtiom threngh the priginah dirmeter bi Belexit Prpl Thefrestkodp poeliown
1220, or on its own. In enbodinents, providing a first
schespatically ingflfe. 12 £8) compriseriaTiding h Sist lonscbiqshinges e eriging] digneter
at | east one_nirror,ﬁgéock 1211), providing at | east
of shreragiztion srapsspiged | thrc kL1 probs (loghy B 8)and 41¢ PERYicing 2 ecopglsag that
one gﬁyable el ement (bl ock 1213). Again, 3&§§mﬁg%kﬂﬁckms

theaedigfien G 3 pgsired dismeresosPntgly 199t

R b a5 B LT Bt P B P b B
T Y R e B L
B AR s e TR e B AR, SR 2o, o on i
o 28 %@%gn&%fgf I%gﬁ@mi Da 1%;@1%@&5’0 Lan aﬁ'g&ﬁxliagiggém}fp%ypmhﬁkng at

re

. e = I men .rOVI I nNg . gens can
LIS P G0 SRR, 0,501 2 i

r tal I.at '
o GO O SRLSE LD LYo AR, AR B v
in@ARAMBRESuar REQYLAERY RodidifsShe RN Rlked: NEILUA®211) preferably
providihg a converging |l ens "and providing a second
inkBRS pEAideNGb USBoRI @M1, BrRRRRY SN fhNehs| RN FoDEYAPK, Bfude
i nternedi ate focus between the first and second | enses
praoidis g & QivedsOb 12X WP boRovididy AFelaad s 34 £& -example, include providing a
[0026] Providing at |east one mrror preferably
cdnR@hitigl @hs A feasigpta thiud EexPindin@ahit radiftioll 4sI @én RTRISEN 3t ARl 7.
first and second | enses, the at | east one mrror
Arehdiedy, iimehel ragidd b @mbodiatenfs] piBliding ALiritAeds ltn BRI froviding a
lens. As seen in FIGS. 8 and 9, for exanple, providing
camberbiagigis M @ravidingarse@ad lepacahiitiuda ptoyiding apivieging lens, the adapter
providing two mrrors such that radi ati on passes
thiad reonrgpatidgh éhef tadigtionl @nsednoina FIGr 4t Inmiar rhid defdagret haagrding to
the radiation to a second mrror reflecting the
emadliradniso providing a dhist tidme careimdndk previding adowgtgingflersred providing a
adapter. The angl e between radi ati on entering the
adapter and radi ation | eaving the adapter is
preferably substantially ninety degrees, though other
angl es can be enployed if required or desirable.
[0027] Providing at | east one extra | ens between the
first and second | enses preferably includes at |east
one novabl e el ement to enabl e adj ustnent of the output
of the adapter, as seen in FIGS. 10 and 11. An
actuator can be provided f8 the at |east one novable
el enment. Providing a first conditioning | ens can
include placing the first conditioning | ens between an
entrance of the adapter and the at |east one extra
| ens that receives non-collinmated radiation and alters
the radiation for the at |east one extra | ens.
Additionally, providing a first or second conditioning
| ens can include placing the conditioning | ens between

o, oy . o "




functions, or alternatives thereof, may be desirably
conbi ned into many other different systens or
aBpIications. It will also be noted that various
WP2WIAIPE nfor eseen or unantici pated al t er§fy 7067644
nodi fications, variations or inprovenents therein my
be subsequently nmade by those skilled in the art which
are al so intended to be enconpassed by the foll ow ng
claims. Cains 1. In an optical system
including a through the I ens | aser range sensor and a
se@ad inne pni inchide pppiingtaiconeiping lag beyond b Bdrinediatd g between the
requiring TTL | aser range sensor radiation at an
firgbpdsronddensans scemtforanmeplp ipflGS. 34nd 6 aser range sensor
having an exit pupil fromwhich it emts radiation and

[0é28] ough mmm%raamtan@ MitB¥ gﬁcﬁabiy%glgﬁ SehhgHy, the at &3&Mone

range sensor adapter conprising a first |ens that

midB} Blided BhVhirb G NG 1EALN AL 1O sEIHe B Nkl ichh kO G2 first
the lens |aser range sensor at a first size and a

ler3 86 ARChed o Senb. A se&rEiG FHE S 1A, E&Q&ﬁ:ﬁﬂlﬂ lﬁrcfv{cm@ at Rest _B'hé frlirror
| ens and resol ves the beam at a second size at which

catl PstiduB8R Eorh R FroSiBIAS B tidébrsubtOarThiidioA PAsked hrifugh the first lens
optimally fills the objective |lens entrance pupi |

to 3. first drrélaticiig Bé rdiatdriiola sebvad Alitdort refecingl thé raligtis thfough the
di verging Il ens and the second lens is a converging

sedofl denstan@ ot ap theradhpiers Thx pripfedbdt@ech radidtad ieatetign the adapter and
3. The adapter of claim1 wherein the first lens is a

radi0iou ddagihg) the ladapeer finalefedadly subsomiilly gingy Hegras, dhongl gihmpngles can
| ens, the adapter thus contracting the radiation.
be employed if required or desirable.

[0027) Providing at least one extra lens between the first and second lenses preferably
includes at least one movable element to enable adjustment of the output of the adapter, as seen
in FIGS. 10 and 11. An actuator can be provided for the at least one movable 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

functions, or alternatives thereof, may be desirably combined into many other different systems
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4. The adapter of claim1 wherein the first and second
| enses are both converging lenses with an internedi ate
focus therebetween. 5. The adapter of claim1l
further conprising at | east one mrror arranged
between the first and second | enses reflecting |ight

fromthe first lens to the second |ens. 6. The
adapter of claim5 wherein the at | east one mrror
conprises two mrrors. 7. The adapter of claim

er.ein_radi ati on passes throu rst |ens
°ffﬁpf’@ s P il BY PEATER, TR SRs hlettes' & Buabi
ich reflects the ra

di ation. thr ugh, t he
alr:m_‘u vﬁbd rrr §aug 08, variafions, ortuﬁx rogcancn?set:h %c%hl.nse(ﬂg.'réﬂy made by

secC

A fral Akt O BRI ﬁ%ﬁ%ﬂgﬁbfﬁ% phATR,

is substantlally ni nety degrees.
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9. The adapter of claim1 further conprising at |east
one extra |l ens between the first and second | enses,
the at |least one extra lens including at | east one
novabl e el enent to enabl e adj ustnent of the output of
t he adapter. 10. The adriter of claim9 further
conprising a first conditioning | ens between an
entrance of the adapter and the at | east one extra
l ens that receives non-collimted radiation and alters
t he raln aniopticabsysterm includingse tarmuiakihedengfaser range sensor and a
11. The adapter of claim9 further conprising a second
zoomc gptirali apPHGtyesbaniag e ®bierdivat ens aauiniveg ehitly tasesfange sensor
and the exit of the adapter that receives radiation _
radiafipmratt 3e oljedtivasiensrenteanceapueihsthin dasgr rangetgasor having an exit
radiation for exit fromthe adapter. 12. In a _
pupil feam whigly itsgrsite radiativndindgthio g whigle radiatige retsiggfor detection, a
probe with an exit pupil fromwhich it emts radiation
laser trange Genper adapieveomprdsinpi onirst ansathadpreledively seeaiyes radiation
the optical systemincluding an objective and a zoom
emittpe iy ﬂ'}ﬁstfé’ﬂuﬂ%tweahnékiPWt iange| sansorF agd firstgsige dwst pesecond lens
diameter of the radiation that is different from an
that rec¢igenthe thdiatiore fropn the&rstiens and rescleethschean ata second size at
transmtted through the exit pupil, an adapter
whiche dipriasdrnepngef $ansor radiationasubstantially opemadlyi fills the objective lens
fromthe original dianmeter and a second | ens that
entranespupiés the radiation at the desired dianeter, the
desired dianeter substantially optimally filling an
obj ective entrance pupil. second lens is a converging
| @ns, The aslagpereef claim exbeneinridet finst deses kst a shiverging lens and the
14. The adapter of claim 12 wherein the first lens is
second leppiengonyengbng lensd theadapteptiouy expganding the vadigring.
| ens, the adapter thus contracting the radiation.
15. The adapter of claim 12 wherein the first and
sdcondThendaptetrref dainh 1cuhergintheyfirgrens is cangerging lens and the

i nternedi ate focus therebetween.
second lens is a diverging lens, the adapter thus contracting the radiation.

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 first 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

mirrors.




16. The adapter of claim 12 further conprising at

| east one mrror arranged between the first and second
| enses reflecting light fromthe first lens to the
second | ens. 17. The adapter of claim 16

wher ei mhehRiaptel 8R8kiIMA B wWHetdiAradRARN B&%et WArdlgH BAS first lens to
18. The adapter of claim 17 wherein radiation passes

a ﬁrstthfrﬁﬁgh WhecH irefibctk efle YRdidtibh' & anséddd kgD which reflects the
l ect’'s the radiation to a second mrror, whi ch

radlaflsiﬁ kRESuyHt fhR sre%ghétlé@@aﬁ@bwghtﬁ@ﬁd§;§l@9nd I ens and out
of the adapter. . The adapter of claim18

wherei n an angl e betvveen radi ati on entering the

agapt erhandidpdél 8t cRitm! 2avidieint Be an@dPbefwddh radiation entering the
substantially ninety degrees. 20. The adapter

adap®r afidaamatdnf I%@lh@&h@%ﬁbtéﬂ|§1§uB§ta|n€i§ﬂ niy epelgkées. ens
between the first "and second | enses, the at | east one

extra lens including at |east one m)vabl e elenent to

epabl e Thdjadapi@df @hint hefuptheP W bnirising a8 fkaa3t ©he extra lens between
21. The adapter of claim20 further conprising a first

the figstigHd E&inDIdneBs, thet yEieAsOneBkiraness McllfmgagieRast one movable
and the at | east one extra | ens that receives

eleméfttoGHabldad Rdtmani o tiodpit f ties §d§|b"@rf adi ation for
the at | east” one extra | ens. . The adapt er

of claim20 further conprising a second condi ti oni ng

| @0s bghuegdaptee &t dB8rsSto dorhextdonpesingandfitstecenditioning lens
of the adapter that receives radiation fromthe at

betwde?osh eAfrane¥iofahk eitfapedicardl ted St Idast badiditrpensthaXedeives non-
fromthe adapter.

collimated radiation and alters the radiation for the at feast one extra lens.
11.  The adapter of claim 9 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.

12. In a metrology system including a TTL laser range sensor probe with an
exit pupil from which it emits radiation toward and receives radiation from an optical
system, the optical system including an objective and a zoom lens system with an
objective lens requiring a desired diameter of the radiation that is different from an
original diameter of the TTL laser range sensor as transmitted through the exit pupil,
an 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.
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23. A nethod of using a TTL probe with an origina

exit pupil size with an optical system enpl oyi ng an
objective requiring a different, desired entrance
pupi|l size as entered fromthe | aser range sensor, the

TTB. pr abe Rifptéd 88clafRd X fhelalh He flradieakiion dlbél@lﬂb lens and the
the original diameter of the exit pupil, the nethod

secor&pm&n%r&mveagmg & Qthéhadprerfthins bxp&MGing Ak rafRRIGAS
t he ori gi nal aneter of the radiation transmtted by

the TTL probe; and provi ding a second | ens that

r g0l vehettlaptadoficlaim M2 twherefleshe €idsdiepgt el converging lens and
substantially equal to a desired objective |ens

the s@mrrdal@ﬁe iPHRIiVerdirdRNhe[ the adapter &hs ddrrdttingatheatidiation.
claim 23 wherein providing a first | ens conprises

providing a diverging lens and providing a second |ens

COBPri The daptediofci&in® a2y h@réig trenfirstt &ed 3daph@rlenses are both
t hus expandi ng the radiation. 25. The net hod of

converhRigneAde Magthedmire A diatidfct uk ithéte He@RSers.ONPr i ses
provi ding a converging |lens and providing a second

| ens conprises providing a diverging |l ens, the adapter
thgs cThtrakiptargof blimar fditber comprising2ét |ehBe ometidor arranged
of claim 23 wherein providing a first |ens conprises

betwdrrowedfing @nd esv®id)idrgek aaflectivty Mighvifeirngha fagcdérss to the second
| ens conprises providing a converging | ens beyond an
lens. i nternedi ate focus between the first and second
| enses.
17.  The adapter of claim 16 wherein the at least one mirror comprises two

mirrors.

18. The adapter of claim 17 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.

19.  The adapter of claim 18 wherein an angle between radiation entering the

adapter and radiation leaving the adapter is substantially ninety degrees.

20. The adapter of claim 12 further comprising 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.

21. The adapter of claim 20 further comprising 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.
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27. The nmethod of claim23 further conprising

providing at |least one mrror, arranging the at | east
one mrror between the first and second | enses, the at
| east one mirror reflecting light fromthe first |ens

t @2t heThecaiupbtéedS claim 20 fudther TdtenpriiRgda Gkcehdiddnditioning lens
wherein providing at |east one mrror conprises

betwd¥nOtHedathRabtvenSlextey BnsUdl tHeaéxit adithé izdappasthas receives radiation
through the first lens to a first mrror reflecting

from theat RasBbhOBxtra |enSeAOAMerd tHeOradiRidrefdri dgt froen the adapter.
radi ati on through the second | ens and out of the

adapter. 29. The nethod of claim 28 wherein an

apgl e peinatiesd lofdisitd QNTEDREbE Wvithanasiaginal e’itdpupil size with an
radi ati on | eaving the adapter is substantially ninety

opticslegs&es employing atPobjEetivereéd\ieingfa gifferemi} debived R@krance pupil size
conprising providing at | east one extra | ens between

as ertbeed iffeh ol 13800Rshgeneaser,t i atTLl @asbe CRitENY &and receiving,
l ens including at | east one novable el enent to enable

radia@éh UsiotighttheforidiRaloditifiste0bf tHeeatlpapithe method &mprising:
The nmethod of claim 30 further conprising providing a

first conditioning | eps befween an entrance of the
adaptepnawahweaaﬁrate s dpat éﬁqueﬁéetﬂaswcgiwster of the
non-collinmated radi ati on and alters the radi ati on for

t hdiationetransorittedxby ahe dnld. probe; and2. The net hod of

claim 30 further conprising providing a second

condi tioni.ng | ens bet n the at | east one extra le .

coa t bR ' 3aEShHTENs, tHardtes ol 1BE Taliitidn (R a desired
fromthe at |east one extra lens and alters the .
r dtpraeternsubstandially eawal He addpsiéed objective lens entrance pupll

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.

25. The method of claim 23 wherein providing a first lens comprises
providing a converging lens and providing a second lens comprises providing a

diverging lens, the adapter thus contracting the radiation.

26. The method of claim 23 wherein providing a first lens comprises
providing a converging lens and providing a second lens comprises providing a

converging lens beyond an intermediate focus between the first and second lenses.
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27. The method of claim 23 further comprising providing at least one mirror,
arranging the at least one mirror between the first and second lenses, the at least one

mirror reflecting light from the first lens to the second lens.

28. The method of claim 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.

17



