-1- TRANSLATI ON MECHANI SM FOR OPTO- MECHANI CAL | NSPECTION Field of the
Invention 5 The invention relates to the optical inspection of a surface
contour of an object wusing three-dinensional inmaging techniques, and in
particular to a nechanism used for noving a conponent of an opto-nechani cal
systemrelative to the object during such three-dimensional inmaging. 10
Background and Prior Art In the sem conductor manufacturing and assenbly
industry, it is sonetinmes necessary to visually inspect the surfaces of

el ectroni c conponents to ensure 15 that there are no defects. Machines in

the industry o S | Al e, for, vard.g pyr poses such
as for mnitorm@mxiﬁ.ﬁ“ AL ffedtat e product

outputs fromindividual machines. |n one instance, after nolding to forma
sem conduct or_package, it is prudent to inspect the surface of the package
for cavities Keldgidhelnealigne unevenness 20 of the surface. In such

i nstances,s t hree-di nensi onal optical inspection systens would be nost ideal
because of the ability to detect depth within the optical systemis field of
vi si on. | nspethd innertiongelatesiodbe pplical mspectomesct surfaseeoptatir af aiyobjedlci al to

ensure 25 defect-free. v_.of Lces o I L CUi rds and
flex circuits'sm g%?@'@%ﬁ%’ anaéngﬁ@ﬁb@g}{%%ngrlﬁ @éﬁﬁe@tb %\Rﬁ)ch?ﬁla&‘si onal
(2-D) inspectiss fopim®liras braomponentrpb as rdpto-amthasicalr $yatem irélatvepsthey | eads
are mssing or_out, of alignment, while three-di nensional (3-D) inspection
can confirm t PRIECIANING SHER %W'g'wgma@@'of a proper size and shape. 3-D
i nspectiofgcan also 30 detect distortions of the surface contours of the
substrate as aforesaid. Anong the several non-contact, optical nethods of
obt ai ni ng 3- (Baekgfeundand Bigréit s, one invol ves the projection of a grating
i mge onto the object under scrutiny. FIG 1 is a schematic illustration of
an opto-nechani cal inspection

In the semiconductor manufacturing and assembly industry, it is sometimes

necessary to visually inspect the surfaces of eiectronic components to ensure
15 that there are no defects. Machines in the industry often use computerized
vision systems for various purposes such as for monitoring processes and
inspecting finished or intermediate product outputs from individual machines.
In one instance, after molding to form a semiconductor package, it is prudent
to inspect the surface of the package for cavities or unacceptable unevenness
20 of the surface. In such instances, three-dimensional optical inspection
systems would be most ideal because of the ability to detect depth within the

optical system’s field of vision.

Inspection of semiconductor interconnects is especially crucial to ensure
25 defect-free assembly of devices on printed circuit boards and flex circuits,
Before assembly of semiconductor devices, two-dimensional (2-D) inspection
of electronic components can ascertain if bumps or leads are missing or out of
alignment, while three-dimensional (3-D) inspection can confirm that an
electronic component is of a proper size and shape. 3-D inspection can also

30 detect distortions of the surface contours of the substrate as aforesaid.

Among the several non-contact, optical methods of obtaining 3-D images of
objects, one involves the projection of a grating image onto the cbject under

scrutiny. FIG. 1 is a schematic illustration of an opto-mechanical inspection



-2- systemof the prior art using a phase shifting technique with grating
projection. A sinusoidal diffusion grating 10 conprising nultiple

equi distant and parallel 1lines or bars is frequently used for this purpose.
Collimated Iight 12a incident on the sinusoidal grating 10 energes as a
modul at ed beam 12b such that its 5 intensply has a unidirectional,

si nusoi dal spatial profile 14. This intensity- nodul ated beam 12b is

i ncident over an object 16 to be inspected. The reflected beam 18 has a
distorted int eymémpf meo;bridrartzming énehdi;e;srm'ftiln'gdacrmiaquagwiltmgratings;mjecthnh. t he

hei ght vari ation_ of ect . atln 0 is t || ved al ong
Its plane inc e éq[ f;fﬁ'ﬁ' OSﬂﬁ}‘agé r@r@i 'glﬂ"ﬁwgee%lﬂ | apfﬁﬂgf@%léafat ive to
the obj ect 16lineBher Istirs Gclréquenad usb@fdmhnsmrp&egewrmbiexd hgpenz@rrd:ideut ar to

the orientation of the grating |ines. Between ssive _str | mages of
the grating | Phée ﬁ'PB?%&%‘&ﬂa‘m 1hEMshgesEs areodlaled Peamb |2t s Ut Bror & t hat

|'s positi Of)‘edlntt&s‘ﬂg%st Qeurﬁléllﬁéc%ﬁﬁd slnﬁ‘ﬁs&ﬂél‘ SYathdl cHrbﬂlI@ ‘@p Afhid fftendigf | ect ed

beam 18. 15 In gen grating I's moved through small incrénental
di st ances, tgrpndwlteq/bea@cﬁ%mlrmd@tmver |a4me@tajectvm16 Ho ducinsaegteds Thee or der

of 1.2 of ONpugBlog AN RIL BBHE SN AENR AP 1n@ i dGERho e P2 torn

of the lines torne e surface s ca thé and
recorded. A cwdmltmithhemm@htmndﬁeaeofaaettm]em 1. vérmer giating ol Gaisdptdallpr of i | e
al ong the surface of th i,ts surface contour can be

16
det ermi ned. VIMOVEH %?%e{?tpg B&geéﬁe ﬂ"y pﬁ?%lat el ﬁlgé‘ge\?é'FPal{m%ns

bet ween theserelat&@es%oam WWhRstt t 06.CONMMHY editelkBon el ghé Mbodn | ie genédagy obj ect .
Wth the demands of npdern-day, sem conductor = manpufacturing and assenbly

systens, the HB'EHGBH'CHWttﬁéh@r%ﬂanﬂj‘Oﬁa%f e geating 'Wécu?@ﬂ"e?ﬁeé‘éﬁcﬁﬁé%d t he

grating positispRed Ph 9'5&‘| the %‘i'atfr@mﬁ'eé‘?ﬁqbé’t@atdnotﬂ% dbﬂsct afeledptliRddfta accurat e
dept h measurenents whi mai ntai nin roug I n order "to achieve

t he said spee@%gara@fﬁﬁhabgs pqaﬁ@nﬁdgewm %fdlstnée@menwg prafile 2RfItae
preferably ber&%tc{é%tt%%npy&a mechanismthat is highly precise. Prior art

15
In general, the grating 10 is moved through small incremental distances,
typically fractions of a millimeter with accuracy of the order of 1-2 microns. At
each position of the grating 10, an image of the pattern of the lines formed on
the surface is captured by the CCD camera and recorded. A combination of

20 these patterns gives rise to a depth profile along the surface of the object 16
sa that its surface contour can be determined. Vision algorithms based on
intensity and phase variations between these images are used to compute the
height profile of the object. With the demands of modern-day semiconductor
manufacturing and assembly systems, the motion of the grating has to be

25 executed speedily and the grating positioned precisely at required locations in
order to get accurate depth measurements while maintaining a high

throughput.

In order to achieve the said speed and accuracy, the movement of the grating
30 should preferably be actuated by a mechanism that is highly precise. Prior art
apparatus for displacement of optical components are flawed in this respect.
For example, US Patent Publication no. 2004/28333 for “Tunable Opticai
Filter” teaches the use of an actuation means including a threaded drive shatt
whose thread has leading and trailing thread faces. Threaded nut regions



apparatus for displacenent of optical conponents are flawed in this respect.
For exanple, US Patent Publication no. 2004/28333 for "Tunable Opti cal
Filter" teaches the use of an actuation neans including a threaded drive
shaft whose thread has leading and trailing thread faces. Threaded nut
regions -3- resiliently engage the threadzfaces of the drive shaft, the

t hreaded nut regions being in communication with a filter plate for noving
the filter plate relative to a radiation beamin response to rotation of
the drive shafesiligpisbengace!the tvead facesind thendrivedd it the thegpided nut giondy | ve

shaft nenber . - M oadal: nmot or
for controll a% Vjﬁg?ﬁﬁnﬁgi#ﬁ%ﬁgﬁ b\%ﬂﬁgﬁtﬁérﬁﬂoxgﬂ%meeﬁﬂ%ﬁia&g '%’ra P\?e:?(dz’mpl e, US
Pat ent no. 5, 80Fdidtkdh heam én Fddponse togpbaticini afrthe Syise shift diestbeyselatitdnd nount i ng

of a grating on .a translation stage that onpr.i ses a precjsion notorized
micrometer th tﬁgea]ggg@u&eqﬁqsve drivg F'&?{EW&"F’P&H 'S} .CF%%ﬁégeé’pBrrior_art
exanpl es use fetdr! 8.cl hﬂitorbésllir%HrNcpt@befoohtrbﬂﬁbW Yotatig e &ive brhéfﬁf'iln not 1 on
to control translation of the %ratlng and are insufficiently precise for
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di sadvant ages saasei kel e hitfhlinglSH! 87 atifePlon! BSHANRIon SfacBr el | cal 15
reasons, a rotating screw and an associated n that I's novabl € on the screw
cannot be coupbrepriseso at ipigaisign trogerined misremeteo theél dw ured t® driveetheel ati ve
to the other f gaps exi st between correspondi ng threads of the
screw and nu%ra@-ﬂ%[&c%é\&%i ve rise to backlash and hysteresis problens,
especiall y0 during fast notion involving a change of direction of notion.

Furt her nore, e 20.gap.often, gives rise.tq an. offset between rpta and

Gor r espond: g Tssau fis Bampledigmplars 4 Rl vt B meft il Ck and
accurate noti msar nidtRhabebetrol transtatiofl dendlgsitingRing dre il cisnti précigd acenment
mechani smfor the optical grating that avoi ds sonme of the above probl ens

with the sai dfsriiigherapariosmanes RagHicaments: eneeiay s, there @A NEMRe’ BE
desirabl e to hRbaQsHEGR s asdddidibd AURtE I8eifMdsiRE! - FoPanShACSt8F brasdeapor t for
sliding displacenent of the
15 reasons, a rotating screw and an associated nut that is movable on the screw
cannot be coupled too tightly together so as to allow one to move relative to
the other. Therefore, gaps exist between corresponding threads of the screw
and nut that can give rise to backlash and hysteresis problems, especially
during fast motion involving a change of direction of motion. Furthermore, the
20 gap often gives rise to an offset between rotary and corresponding linear

motion, which retards its ability to execute quick and accurate motion.

Therefore, it would be desirable to employ a displacement mechanism for the
optical grating that avoids some of the above probiems with the said prior art
25 mechanisms. Furthermore, it would also be desirable to introduce a
frictionless and wear-free structural support for sliding displacement of the
grating. Conventional supports utilize roller bearings that encounter wear
while rolling over surfaces and they lack accuracy and repeatability because
of friction from contact with the surfaces on which they siide. It would be
30 advantageous to implement a new support mechanism that has higher
accuracy and repeatability. Flexures are especially suited for these purposes
due to the excellent inherent repeatability of their motion trajectory devoid of

friction and wear.



grating. Conventional supports utilize roller bearings that encounter wear
while rolling over surfaces and they | ack accuracy and repeatability because
of friction fromcontact with the surfaces on which they slide. It would be
30 advantageous to inplenent a new support nechani smthat has higher
accuracy and repeatability. Flexures are4specially suited for these
purposes due to the excellent inherent repeatability of their notion
trajectory devoid of frictigon and wear. -4- Summary of the Invention It is
theref ore an SWPERLY efthehaventiornt i on to seek to provide an i nproved

transl ati on mechanismthat is usable to nove a conponent of an opto- 5
mechani cal inspection systemrelative to an object to be inspected nore
preci sel y andltriggbencitie yamobieshehrtbe inenting taf speks it @rode @naimpraegthani sis.

Accor di ngly, ﬁé}%iét{&\é?ﬂntégﬁgnigﬁOWaqq§ bRPRET ALY of BBmE{RE{érﬂg?@%nOBﬁt' cal

conponent of an op ani cal TnSpection syStemrelative to an object to
10 be i nspect mdcharocgrinspetgjon ssylstegntrekative de arpebEct Ve beo inspertedt morei dent

light onto the object through the optical, conponent: a |inear .actuator
compri sing a BEPREY EYLEEEARHY 25 gAY TL o thE APTErad Plia” B MECRABRES- assenbl v:
and a translation stage coupled to either of said coil and nagnet assenbly
whereby the translation stage is configured for notion relative to the

other of sai dAedIrfinglyd the IRYEHION REAERS PnapRRRAMSpIANEIOVIRG: ap soptical
substant| al | yoqRpaRASIcF thalot i denaflchPFAoRsy3rS rbBEIRNAn okgla 1o |t voul ¢

be conveni ent hereinafter to describe the invention in greater detail

ref erencel®o bainspeeteapemypimNg Bdighh geuras oparative ia piojact Insitens il dintent 20
of the inventj : eul arity. .driaw r.el -
descr 1 pt1 on 1 Leno=q BRS¢ Bl ollockilf A BSHR IS ALY olBrEREL Y .
broad identi f locateddn a ofaghétic field entated bgsa deghekasseyniiy eand aitnamslaon ef

Description of, the Draw ngs..25 An _exanple of a preferr enbodi nent of an
apparatus in a@ggrcé%wie\gﬂ \;\?tq{ther o'% saidl col' snd magrpet assemeo(f]y wrmargbyrr?he
translation stage is configured for motion relative to the other of said coil and
15 magnet assembly along a plane that is substantially perpendicular to a

direction of said incident light.

it would be convenient hereinafter to describe the invention in greater detail
by reference to the accompanying drawings which illustrate one embodiment
20 of the invention. The particularity of the drawings and the related description is
not to be understood as superseding the generality of the broad identification

of the invention as defined by the claims.

Brief Description of the Drawings

25
An example of a preferred embodiment of an apparatus in accordance with
the invention will now be described with reference to the accompanying

drawings, in which:

30 FIG. 1 is a schematic illustration of an opto-mechanical inspection system of

the prior art using a phase shift principle with grating projection;



the invention wll now be described with reference to the acconpanying
drawings, in which: 30 FIG 1 is a schematic illustration of an

opt o- nechani cal inspection systemof the prior art using a phase shift
principle with grating projection; -5- FIG 2 is a side view of an

opt o- mechani cal inspection systemincorpasating a displacenent nmechani sm
according to the preferred enbodi nent of the invention; 5 FIG 3 is a

sectional plan view of the opto-nechanical inspection systemas _viewd

al ong |ine A-RG.gis@ sige Z'eWFfPf@” qptpgﬂ%ﬁﬁlan%h@’émqilomswem iNCAEOFAtERR e
support syst eg; n I g4l ergpe@t n on; and
10 FIG 5 1is gb@?gﬂﬁgﬂ“e\%légﬂahg% ae{:a@ﬁrg support fsystemHIbOhE‘%hdgt ?fre(r)“n%
direction B ofhvemioB, 4. Detail ed Description of the Preferred Enbodi nent 15
A preferred enbodi mrent of the present invention will be described with
reference to FIGS. 2 and 3. FIG 2 is a side view of an opto-nechani cal

i ns]pect i gns %Stézam im@cs]?pmrrmu B]E: ) \aedicﬁpht\el\ahmetmmbcmﬁdfeamh@ncaomystémgasf ) It he
preferred embodi t | n ti.on ereas FIG 3 is a sectional plan 20
vi ew of the OHFW%EQWH\“@%‘A "ﬁ@e?; on systemas viewed along line A-A of
FIG 2. The conponent to be noved, such as an optical conponent in the form
of a diffusion grating S swtably nmounted and affi xed onto a

transl ation sfﬁge“ ¢%ﬁ‘ﬁr'5§mﬁ§'CaV*13\ng?fttﬁE|f@PﬂJr€nWFHlﬂ”e3Yﬁ*%!ﬁea@2rd"ﬂg te dhey) so
concei vabl e t erféh Pnehpoﬁﬁe ,ﬁ@ﬂg&ﬁ% gmay be nmounted on the translation
25 stage inst or atlve notion between the object and the optical
conponenthaIthough thIS Is | ess preferable In the described enbodi nent,

(e araty g | s, & 2 BEAAA BTSSR Al s o S 8ot

FIG. 4.

Detailed Description of the Preferred Embodiment

15
A preferred embodiment of the present invention will be described with
reference to FIGS. 2 and 3. FIG. 2 is a side view of an opto-mechanical
inspection system incorporating a displacement mechanism according to the
preferred embodiment of the invention, whereas FI1G. 3 is a sectional plan

20 view of the opto-mechanical inspection system as viewed along line A-A’ of
FIG. 2. The component to be moved, such as an optical component in the
form of a diffusion grating 10, is suitably mounted and affixed onto a
translation stage comprising a lightweight movable frame 22. |t is also
conceivable that an object to be inspected may be mounted on the translation

25 stage instead for relative motion between the object and the optical
component, although this is less preferable.

In the described embodiment, the grating lines are oriented in direction Y of
the Cartesian reference frame XYZ as shown in FIG. 2, and a light source (not
30 shown) is operative to project incident light 12a, 12b in a direction paraliel to
direction Z. Accordingly, the diffusion grating 10 is oriented perpendicular to
the incident light 12a, 12b and is configured to move along a plane that is
substantially perpendicular to the direction of the said incident light. The
movable frame 22 is suspended from a relatively fixed frame 24 using flexible



30 shown) is operative to project incident light 12a, 12b in a direction
parallel to direction Z Accordingly, the diffusion grating 10 is oriented
perpendicular to the incident light 12a, 12b and is configured to nove
along a plane that is substantially perpendicular to the direction of the
said incident light. The novable frane-Z-is suspended froma relatively
fixed frame 24 using flexible -6- strips of material or flexures 26 (shown

in greater detail in FIG, 4 The flexures 26 are coupled to.the novable
frame 22 at PRl %ﬁr"i'h@)fﬂ‘?%@ 2P & Wﬁdnaﬂreﬁﬁ?rdiﬁbﬂgi"c g'é-nﬁ).- f&f er abl vy,
two flexures RRusaPH afedoted to e hidvabledirghanee afbfe Fnddarite! fiRg t he axis
of notion of the novable frame 5 22 are used to support the novable frame 22
during its nodtane 24Talean apRapitss epd. aPefgipbly e fud figxurgs t 26 seprrates bY 1aat
sheets, fracty] of: LK i | i | | t her
wire el ect ro-%’lﬁ{ g@'ﬁaér'%tgnc%hﬁiaﬂgé\%d gfro Bﬁﬁ? gIFWh@gﬁw%mg%gﬁiﬁ%ﬁﬁgﬁ sui tabl e
met hod, yi%el d@harearseddo stfparbihe Mmbdwblefjarhar@eluringiits mdiear t he | oad of t he
novi ng nenber. They are preferably made from stainl ess steel or beryllium
copper. Very high ratios of lateral stiffness to in-line stiffness can be
realized usi Mhes WieRurek €26!rze6 . prefeablatin Ohe Oformhef MBC RAS&S Mitaglidie bf exures is
effected by a direct drive 15 actuator such as a |inear potor, and nore
preferably, anBneter dBick Jheyr ares machined, gsieg epher WirEoelesgodiiahar®e of one
of several poggihhifigtd?RMoRIIitBSgraBhy bR any REha? SBREHE RéRBq ] Jieldhgtotld Bdr i cal .
The voice coil notor 28 is hereafter described with referencé to FIG 2. A
st at i onarP negae flexdsendings’ ofhich deay dhe doagopi theptnevinggmentper.i Beey are axi al |y
magneti zed pe TRRNE, [ X ri ich iseglued
co-axially toﬁﬁéﬁé?%@%er pol %m%@%pl%%esfbe?ogfﬁg&@ﬁ& ﬁéapgp%ét V%géml S r%go egfof a high
ener gy densi tptaraltsdiffneds touctinastifinese dpmberedized asingbucoflexdresi ng shaped

i nner pole 28b is glued onto the magnet. The inner pole 28b and outer pole
28c are both made of magnetically perneable iron alloy. 25 The annul ar air
gap between thetubtigrerof phk ema8haragrd asih@rflieRoled R8effectad abys direct drive

15 actuator such as a linear motor, and more preferably, a voice coil motor 28.

The voice coil motor 28 could be of one of several possible topologies but in
the present case it is cylindrical. The voice coil motor 28 is hereafter
described with reference to FIG. 2. A stationary magnet assembly of the
voice coil motor 28 comprises an axially magnetized permanent magnet 28a

20 in the shape of a ring, which is glued co-axially to an outer pole 28c. The
permanent magnet 28a is made of a high energy density material such as
neodymium ferrous boron. A ring shaped inner pole 28b is glued onto the
magnet. The inner pole 28b and outer pole 28c are both made of magnetically
permeable iron alloy.

25
The annular air gap between the inner pole 28b and outer pole 28¢ contains a
radial magnetic field. When a coil 28d mounted on coil support 28e and
appropriately positioned in the annular magnetic air gap, is energized by an
electric current, an axial force is induced on it because of the presence of the

30 radial magnetic field. When the direction of the current is reversed, the force
on the coil 28d is also reversed. The above-described voice coil motor 28 is
thus used to move and position the moving frame 22 and with it the grating
10. The movable frame 22 may either be coupled to the coil support 28e (as
shown) or alternatively, to the magnet assembly. Alternative topologies of



radi al magnetic field. Wien a coil 28d nounted on coil support 28e and
appropriately positioned in the annular magnetic air gap, is energized by an
el ectric current, an axial force is induced on it because of the presence of
the 30 radi al nagnetlc field. When the direction of the current is reversed,
the force on the coil 28d is also reverséd. The above-descri bed voice coi
notor 28 is thus used to nove and position the noving frane 22 and with it
the grating 10. The npvable frane 22 na %her be Qoupled to the §OI|
support 28e (¥eice &Al mtorérmahbsr%&@.'oa' oNEOIGeatieORE «&npsFribe

Al ternative tgpelegi es of -7- voice coil nDtors may be used in place of the
voi ce coil notor 28 described above. The nmechanismis intended to achieve a
hi ghly repeatable notion trajectory of 5 the grating 10, very closely
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grating lines and su PNt a gratin yi el di ng
a nmeans wh&r ethe giating mmgere[yf clbheﬂy @patomgatar@sttmgrptrlmeembem iroat dirdctien obj ect

f ht | f
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frame 22 is fuséhefielgiagd eskdne vwhdreby thed imsgnsdthe Qfdﬁﬁgldahotﬁb pEiected such as
an LVDT (Linear Variable D fferential Transducer) provi des positi

feedback on t REGrHEaRPISCH Of iRterest {ay i‘}hﬁ’t“'?ﬂ@a”fios@ﬁ"é{bl'” fdGt Hd #oslightly 28 to be

operated in clygpchtiQURoRS EVAFERRALHHES wHREM ARSI ?r@er@?ﬁﬁdrp' over the 15
axial position of the grating 10 nounted on the novable frame 22. The LVDT

30 conpri 48s a stationary sensor head 30a, which usually conprises a coil
Feal -t 1me T codbacROrEIE (AN 22 45 PAREERIGL 1 8 oetli, JHRF A FRsERY | °
voi ce coil nsepsorzBichad aan\t[DlT fL,lneané/qmlabletDltferemlalt'fransmme_b)l3_3) ;bnoal_ules 22 to
e sl r o0, 20B5ES kA A by R 22450 P, ESRGhSS U et v
ferromagnetic 28&b©e3tﬁﬂbrm‘ed ii bieséd/19bpHerie matie ifgerkry prddise camt@bbeerfthane 22 in
such a way ' haat><|aﬁ gg&ﬁc?n of the grating 10 mounted on the movable frame 22. The LVDT

30 comprises a stationary sensor head 30a, which usually comprises a coil

winding assembly, and a moving ferromagnetic core 30b whereby to provide

real-time feedback to the closed loop control system which controls the voice

coil motor 28 and in turn, the position of the movable frame 22 to the desired

20 precision. Any other sensor such as a capacitive, inductive or optical sensor

may be suitably used in place of the LVDT 30. The ferromagnetic core 30b of

the LVDT 30 is affixed to the movable frame 22 in such a way that the core is

nominally co-axial with the LVDT sensor head 30a. The entire LVDT

assembly 30 is positioned to be substantially symmetric about the movabile

25 frame 22.

FIG. 4 shows the flexure 26 with multiple flexing portions 26a spaced from
one another wherein its flexing portions 26a are shaded. The remaining
portions 26b and 26¢ do not flex and are used to mount the flexure onto the

30 fixed frame 24 and movable frame 22 respectively using mounting holes 26d
and clamping plates 32. The clamping plates 32 are shaped to fully cover the
non-flexing portions 26b and 26¢ of the flexure 26. FIG. 5 shows the flexure
bearing assembly consisting of a single flexure strip 26, each with two flexing
portions 26a.



nomnally co-axial with the LVDT sensor head 30a. The entire LVDT assenbly
30 is positioned to be substantially symetric about the novable 25 frane
22. FIG 4 shows the flexure 26 with multiple flexing portions 26a spaced
from one another wherein its flexing portions 26a are shaded. The remnai ni ng
portions 26b and 26c¢ do not flex and are-8sed to nount the flexure onto the
30 fixed frane 24 and novable franme 22 respectively using nounting holes 26d
and cl anmping plates 32. The clanping plates 32 are shaped to fully cover the
non-fl exing portions 26b and 26¢c of the flexure 26. FIG 5 shows the flexure

beari ng asse - LSk f [ Fel ; | t wo
flexi ng porFﬁgﬁesrﬁ’%gggébégg&g’f%’rqp?HqglﬁggaéokﬁwEfl%b fgﬁlr @nﬁﬁgﬁ% %@?Jpl I ng of
t he four flexphghedexumendbedbng askemnbly Shewuria BERr #nignpestsetdithe sérdven i n FI G

4 inparts to the entire assenbly.a high torsional ri.gidit . articul ar,
2 very high 1 BrEY eltigh RESERR audtyn dHpatiRtar g Sentabh Bt seBR ng ' he
pl anar surfacefe Yhaxieas imgdrtet byodridntiag teepladsr suHaetaof eadd shaetopaddireul ar to
the axis of mtion of the m)vacgl frgge 22. _ Meanwhile, this éonfi uration
keeps the in- PP sebsientiailynsgpe) ﬂ;@a&tﬂ axRi d Meftay of hapoblekamg Facilitate
motion in thembadivihes thidRonfigifaf@iNkd<partRé irkhd Stiithest BRAG Re KaxidRuemtire
assenbly a high torsional rigidity about all three axes™X,_ 10 Y and Z
Furthernore, favwerms apite fpailitateymating indbe 2hidiertien. adiheatetiguiatioRdhusi ce coi |
nmotor 28 in s t f eGtl A r ' inal |y
syrmet ric it 1oRg EeicPile biiertly SHAY BraGMIHGd JRLEE) et RN 12
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symmetric with the movable frame and is substantially in line with the centre

15  of gravity of the entire moving mass that comprises the movable frame 22.
This avoids the generation of any considerable turning moment about the Z
axis, which is perpendicular to the plane of the grating. This virtually
eliminates “yaw” error deviation from rectilinear motion of the grating 10,
which might otherwise adversely affect the imaging process.

20
It should be appreciated that a high precision motion stage has been
disclosed in the preferred embodiment of the invention which is used to
accurately position a component of an opto-mechanical inspection system,
such as an optical diffusion grating. The motion stage preferably uses a voice

25 coil motor as a direct drive actuator. Moreover, use of flexure bearings
ensures freedom from friction/stiction thus facilitating high resolution and
repeatability without any wear that accompanies and adversely affects

conventional bearings.

30 The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that
the invention includes alt such variations, modifications and/or additions which

fall within the spirit and scope of the above description.



It should be appreciated that a high precision notion stage has been
disclosed in the preferred enbodi nent of the invention which is used to
accurately position a conponent of an opto-nechanical inspection system
such as an optical diffusion grating. The notion stage preferably uses a
voi ce 25 coil notor as a direct drive actguator. Moreover, use of flexure
bearings ensures freedomfromfriction/stiction thus facilitating high
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to claim1l, wheleetsd lighe optical conponent is
a relatively fixed support that is spaced from the translation stage alone
the path of the projected light; and
15 a flexible strip of material connecting the translation stage to the
relatively fixed support that is operative to support the translation stage during
its motion.

2. The apparatus according to claim 1, wherein the optical component is
20 mounted on the translation stage.

3. The apparatus according to claim 1 or claim 2, wherein the optical
component is a diffusion grating.

25 4 The apparatus according to any one of the preceding claims, wherein
an effective actuating force from the linear actuator is nominally symmetric
with the translation stage and substantially in line with a center of gravity of a

mass moved by said actuating force that comprises the translation stage.

30 5. The apparatus according to any one of the preceding claims, wherein
the flexible strip of material is coupled to the translation stage at one end and
to a relatively fixed support at an opposite end.



20 nounted on the translation stage. 3. The apparatus according to claiml
or claim2, wherein the optical conponent is a diffusion grating. 25 4. The
apparatus according to any one of the preceding clainms, wherein an
effective actuating force fromthe linear actuator is nomnally symetric
with the translation stage and substantiaply in line with a center of
gravity of a nmass noved by said actuating force that conprises the

transl ation stage. 30 5. The apparatus according to any one of the preceding
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configured such as to provide a high level o stiffness to notion of the
transl ati on senggRNAil&ng an axis that is perpendicular to an axis of notion
of the translation stage. 15 9. The apparatus according to claim8, wherein
the flexible strip of material conprises a sheet of material and pl anar
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stiffness to motion of the transiation stage along an axis that is perpendicular

to an axis of motion of the translation stage.

15
9. The apparatus according to claim 8, wherein the flexible strip of
material comprises a sheet of material and planar surfaces of the sheet are
oriented substantially perpendicular to an axis of motion of the translation
stage.

20

10. The apparatus according to any one of the preceding claims, wherein
the flexible strip is configured to provide high torsional rigidity to all axes of
motion of the translation stage.

25 11. The apparatus according to any one of the preceding claims, wherein
the flexible strip of material is made from stainless steel or beryllium copper.

12. The apparatus according to any one of the preceding claims, wherein
the translation stage is further coupled to a position sensor that is operative to

30 provide feedback regarding a position of the translation stage.

13. The apparatus according to claim 12, wherein the position sensor is

positioned substantially symmetrically about the translation stage.



the flexible strip is configured to provide high torsional rigidity to all
axes of notion of the translation stage. 25 11. The apparatus according to
any one of the preceding clains, wherein the flexible strip of material is
made from stainless steel or berylliumcopper. 12. The apparatus accordi ng
to any one of the preceding clains, whergegn the translation stage is
further coupled to a position sensor that is operative to 30 provide
feedback regarding a position of the translation stage. 13. The apparatus
accordi ng to 1l ai Mh&2apparatusi actdrdingose tdlam sienor clasn 13 s whegaire dthe
substantial ly _symetricall out th ransl atipon .stage. -11- 14.. The
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and posi tion fgedizark sysentonnected in a closed | oop position feedback
system 5 15. The apparatus according to any one of clains 12 to 14, wherein
the position sensor is selected fromthe group consisting of a linear
variable gli f‘ffﬁreﬁth'eaé_lpﬁaﬁ'ﬁ%%@%ingct%péw bhe/ @f SRIMOM2 foNfliGhher8ins@asor and
optical sensor. 16. The apparatus according to claim15, where the |inear
vari abl e 10 dicsitionesgnsar is rsglestRec §pme Sigp orasds censidingopfag et vegakledi sposed
within a se ISl ; i -6l " ppar at us
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transl ation stage and is nomnally co-axial with the sensor 15 head.

16. The apparatus according to claim 15 where the linear variable
10 differential transducer comprises a ferromagnetic core disposed within a
sensor head comprising a coil winding assembly.

17.  The apparatus according to claim 16, wherein the ferromagnetic core is
coupled to the translation stage and is nominally co-axial with the sensor
15  head.



