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I nvention 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 sucp.three-di mensional inmaging. 10
Background and Prior Art In the sem conductor manufacturing and assenbly
industry, it is sonetinmes necessary to visually inspect the surfaces of
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In the semiconductor manufacturing and assembly industry, it is sometimes
necessary to visually inspect the surfaces of electronic 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 object under
scrutiny. FIG. 1 is a schematic illustration of an opto-mechanical inspection



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

i nspection -2 systemof the prior art using a phase shifting technique with
grating projection. A sinusoidal diffusion grating 10 conprising multiple
equidistant and parallel lines or bars is frequently used for this purpose.
Collimated Iight 12a incident on the simusoidal grating 10 energes as a
nodul at ed beam 12b such that its 5 intensity has a unidirectional,
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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
so 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 Optical
Filter” teaches the use of an actuation means including a threaded drive shaft
whose thread has leading and trailing thread faces. Threaded nut regions



In order to achieve the said speed and accuracy, the novenent of the grating
30 shoul d preferably be actuated by a nechanismthat is highly precise.

Prior art apparatus for displacenment of optical conponents are flawed in
this respect. For exanple, US Patent Publication no. 2004/28333 for
"Tunable Optical Filter" teaches the usg8-of an actuation nmeans including a
t hreaded drive shaft whose thread has |leading and trailing thread faces.
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instance, fonpERGEHSRIgelS reasons, a rotating screw and an associated nut

that is novable on the screw cannot be coupled too tightly together so as
to allowl@ne to nove relative to the other. Therefore, gaps exist between
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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 problems 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 slide. 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.



optical grating that avoids sone of the above problens with the said prior
art 25 mechanisnms. Furthernore, it would also be desirable to introduce a
frictionless and wear-free structural support for sliding displacenent of
the grating. Conventional supports utilize roller bearings that encounter
wear while rolling over surfaces and thdéy | ack accuracy and repeatability
because of friction fromcontact with the surfaces on which they slide. It
woul d be 30 gdvant agef\ us to i nplenent a new support nechani smthat has

hi gher accu%\@mgﬂdl&é%@é{%ﬁi ty. Flexures are especially suited for these
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is not to be understood as superseding the gefleralit
i denti fi cati dranslation 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 nhow 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;



of the invention as defined by the clains. Brief Description of the Draw ngs
25 An exanple of a preferred enbodi nent of an apparatus in accordance with
the invention will now be described with reference to the acconpanyi ng
drawings, in which: 30 FIG | is a schematic illustration of an

opt o- mechani cal inspection systemof thé-9rior art using a phase shift
principle with grati ng projection; -5 FIG 2 is a side view of an

opt o- nechani | ns [ Qn stem i nco tin acenent .nechani sm
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along line A-A of FIG 2; FIG 4 is an isonetric view of the flexure
support systéﬁYQﬂE’@B’r ding to the preferred enbodi ment of the invention; and
10 FIG 5 is a side view of the flexure support system | ooking from
direction Bof FIG 4. Detailed Description of the Preferred Enbodi nent 15
A preferréd drifodiigensedipnaihriapvieyeat thengrtatmeshanical inseeetioncsystard asi t h

reference to \F%vgﬁj aI%n ﬂﬁ]eiA":dfﬁlGZZ' s a side view of an opto-nechani cal
i nspection system nc porating a displacenent nechani smaccording to the

preferred enbodi nent of the |nvent| on, whereas FIG 3 is a sectional plan 20
vi ew of the nechani cal spe ion em as Vi e d.alo n -A of
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transl ati1%n stage conprising a |lightweight novable frame 22. It is also

FIG. 5 is a side view of the flexure support system looking from direction B of
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 FIG. 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. It 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 parallel 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



concei vabl e that an object to be inspected may be nounted on the translation
25 stage instead for relative notion between the object and the opti cal
conmponent, although this is less preferable. In the described enbodi nent,
the grating lines are oriented in direction Y of the Cartesian reference
frame XYZ as shown in FIG 2, and a |light6ésource (not 30 shown) is operative
to project incident light 12a, 12b in a direction parallel to direction Z

Accordingly, the diffysign gratin 0, s oriented perpendicul t he
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the fixed frame 24 at an oppoSite end. Preferably, two flexures 26

separ at ed Sy 22 arewised o suppast thedeovahie HameREdubng ity matienaxi s of notion of
the novable frane 5 22 are used to support the novable frane 22 during its
notion. The flexures 26 are preferably in the formof flat sheets, fractions
of a mllinethe flekirek.26Ttaeg raeferabdy hin rtbel fosnnof 8att kheetss fractions of a
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preferably, a voice coil notor 28. The voice coil_ notor 28 could be of one

of several pdaterdistifipessdedrylingstiness gan b eqiized tisingsye flexures. cy| i ndri cal .
The voice coil notor 28 is hereafter described with reference to FIG 2. A
stationary magnet assenbly of the voice coil notor 28 conprises an axially

magneti zed peictaation ofrdbednectmmisry ysing flexymrape effecied ibyga diregthdive gl ued
co-axi al 145 t O AuBHEEh 89L9ind8F moldleand 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 28¢ 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



per mmnent magnet 28a is made of a high energy density material such as
neodym um ferrous boron. A ring shaped inner pole 28b is glued onto the
magnet. The inner pole 28b and outer pole 28c are both nade of magnetically
perneable iron alloy. 25 The annul ar air gap between the inner pole 28b and
outer pole 28c contains a radial magnet-i‘c- field. Wien a coil 28d nounted on
coil support 28e and appropriately positioned in the annul ar nagnetic air

gap, is energized hy an electric urrent axi al rce ced on it
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of the currergpgve. reversed, the force on the coil 28d is also reversed. The

above-descri bed voice coil notor 28 is thus used to nove and position the
noving frame 22 and with it the grating 10. The novable franme 22 nay either
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intervention. 10 The novable frame 22 is further coupled to a position

sensor. A?Oposi tion sensor such as an LVDT (Linear Variable D fferential
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28 to be operated in closed loop servo mode for very precise control over the
15 axial position 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 movable
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.



30 conprises a stationary sensor head 30a, which usually conprises a coi

wi ndi ng assenbly, and a noving ferronagnetic core 30b whereby to provide
real -time feedback to the closed | oop control system which controls the
voice coil nmotor 28 and in turn, the position of the novable franme 22 to
the desired 20 precision. Any other senso®-such as a capacitive, inductive
or optical sensor nay be suitably used in place of the LVDT 30. The
ferromagnetic core 30b of the LVDT 30 is affixed to the novable frane 22 in
such a way that the core is nomnally co-axial with the LVDT sensor head
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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 all such variations, modifications and/or additions which
fall within the spirit and scope of the above description.



nmotor 28 in such a way that the effective actuating force 34 is nomnally
symmetric with the novable franme and is substantially inline with the
centre 15 of gravity of the entire noving mass that conprises the novabl e
frame 22. This avoids the generation of any consi derabl e turning nonent
about the Z axis, which is perpendicula®-to the plane of the grating. This
virtually elimnates "yaw' error deviation fromrectilinear notion of the
grating 10, éﬁgﬁ£¥ﬁight ot herwi se adversely affect the inmaging process. 20
It should be iated that a high precision notion stage has been

di sclosed in the preferred enbodi nent of the invention which is used to

accurately position a conponent of an opto-nechanical i nsgcti on system
such as an opti caPNARPR{AINS frgPaYing gn optiealgampranest ghan meshanicqlses a

voi ce 25 coi 'iné;ﬂéts:ﬁén &ystém Yeibfivd toHn fe@d Haiipectéal &%ﬁfisin ise of flexure

bearings ensure reedom fromfriction/stiction thus facifitating high
resol uti o® and r epight apirce ppenative, tauprojaey ingidant fighttonie tenekiectdbrough
adversely aff . i gnal bearings. 30 The invention described herein
i s suscepti blt@&%)ét'cfg?%?%én@, nodi fi cati ons and/or additions other than

t hose speci fical | u Isheac actoatbr aochprisingsa toil neateddiers magdetid field dreatednvent i on
i ncludes all such variatio R difications and/or additions which fall

wi thin the s;ﬂyrq magﬂ%tassggrgﬁ yz)?m?)he above description. -9 CLAIMS: 1. An

appar at usI for rmv'artgarmtt)i_aﬁtsiafg@ cctr;rplmm egithep bf Qﬁd%ﬂ@nﬁ'&ﬁﬁ@?l%@fem%ﬂyspec“ on
systemre ative to an o ct t e. | nspect , conpri si ng. a |l t source
operativdlo Vm%?lé\(:ﬁ"ei sgeé'ﬁf' q??Q?n'_F %Bgurﬁag?‘bﬁﬁog&ﬂ '?'ﬁ?‘g?tj@nthet% oth i cal

conmponent ;  a gajdegil %ﬁuaﬁgqne@omen%mga@ngo'a! Pttt 118 dupBanrdiyc field

created by a magnet assenbly; and a translation stage coupled to éither of
said coil and)emmulqﬁg@mﬁon of said incident light.

2. The apparatus according to claim 1, wherein the optical component is

15 mounted on the translation stage.

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

20 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.

25 5. The apparatus according to any one of the preceding claims, including
a flexible strip of material coupled to the translation stage that is operative to
support the translation stage during its motion.

6. The apparatus according to claim 5, wherein the flexible strip of
30 material is coupled to the translation stage at one end and to a relatively fixed

support at an opposite end.

7. The apparatus according to claim 5 or claim 6, including a second
flexible strip of material coupled to the translation stage that is aligned with



10 whereby the translation stage is configured for notion relative to the
other of said coil and magnet assenbly along a plane that is substantially
perpendicular to a direction of said incident light. 2. The apparatus
according to claim1l1l, wherein the optical conponent is 15 nounted on the
transl ation stage. 3. The apparatus acceflfli-ng to claim1 or claim2, wherein
the optical conponent is a diffusion grating. 20 4. The apparatus accordi ng
to any one of th di ng cl ai wherein _an effgp&ive actuating force
h

from the |inesdid Hexipie P 08 maseal Aong &8, Awsqfimotiag o the Eansialing son st age

and subst ant i gltlspatet Apdrefromisaicfledné efripdf ngdtevalt y of a  mass noved by said
actuating force that conprises the translation stage. 25 5. The apparatus

according to any one of the preceding clains, including a flexible strip of

mat er ial coupbed thel BipdrbRESARDIdIRG Y0 bREf I Taifi8%S b1 Ahéreins POl t L he
translation stage during its notion. 6. The apparatus according to claims§5,

wherei n tHe fllexbieskipselrnptespl cgoprisasanuliiple; fiexinguporéians spacas fremmeneat i on
stage at one dtoarelatively fixed support at an opposite end. 7.
The apparatus accofrding to claim5 or claim6, including a second flexible
strip of material coupled to the translation stage that is aligned with -10

said flexible,strip of material along an axis of noti of the translation
Stage  but spced TSaPPPRPG Sroling do Bedts of P Ps et avhergn Hiks

appar at]ys aCCﬂE)@i%I@EBtﬁP o_ﬁlfmat@ﬂéll Rf crlo‘rhﬂg:culr@d Sutt® aé, tovprdviden at h hf fevéll exi bl e
strip of pater conpri.ses tiple Xin ortions _ space romone
another. ¥ Tﬂlﬁ&ﬁ%&? Q“Qf:g{értéq t'PBS’i?ﬁF%HEQGf‘ sy 'SSquBe@?'c%rerein t he
flexible strif Hf ai@behbiidn bfthé tahbigtivrestagech as to provide a high level of
10 stiffness to notion of the translation stage along an axis that is

perpendicular to an axis of notion of the translation stage.
10. The apparatus according to claim 9, wherein the flexible strip of

material comprises a sheet of material and planar surfaces of the sheet are
15 oriented substantially perpendicular to an axis of motion of the translation
stage.

11. The apparatus according to any one of claims 5 to 10, wherein the
flexible strip is configured to provide high torsional rigidity to all axes of motion
20 of the translation stage.

12. The apparatus according to any one of claims 5 to 11, wherein the
flexible strip of material is made from stainless steel or beryllium copper.

25 13. 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
provide feedback regarding a position of the translation stage.

14. The apparatus according to claim 13, wherein the position sensor is
30 positioned substantially symmetrically about the translation stage.

15. The apparatus according to claim 13 or claim 14, wherein the
translation stage and position sensor are connected in a closed loop position
feedback system.



10. The apparatus according to claim9, wherein the flexible strip of

mat eri al conprises a sheet of material and planar surfaces of the sheet are
15 oriented substantially perpendicular to an axis of notion of the
translation stage. 11. The apparatus according to any one of clains 5 to
10, wherein the flexible strip is confitjured to provide high torsional
rigidity to all axes of notion 20 of the translation stage. 12. The
apparatus according to any one of clains 5 to 11, wherein the flexible
strip of material is made from stainless steel or berylliumcopper. 25 13.
The appar at useaccmh&ia?garfammwmagqé dniyeoriey eceidinig 181tai 1% whidhéihahe the
translation stage is further couypled to a position sensor_that i s operative
to provide P@é‘g%(ﬁ‘@"ﬁ%rg%% aelRgted fhom; eogrodP qansistipgf| atlingar yadakle 14, The
appar at us ac gitfefntdl frinsdutbricagacitiVeedeisBr, intfichRSsdrisoh aA§ Bpfical 'sénsor0
positioned substantially symretrically about the translation stage. 15. The
appar at usdaccording to claim 13 or claim 14, wherein the translation stage
and position sens e J edal 08t If: ck
System 11 18 Tige ABFANECEEERubg, & GuRCTe, SAREDMe Ifiter YERAETC
wherei n t he djffesentiabriramedgcer campridescaeféromagnetie apre upisposedi withingaof a

| i near variabl e ifferen er acitive sensor, inductive

i al d
sensor and oﬁFP%HIeégﬁgﬁw%%@gf#&ﬁ$ﬁ8&§88§?%ﬁ@¥'according to claim16, where

the linear variable differential transducer conprises a ferromagnetic core

di sposed w thin a_ sensor,k head conpri si.ng oi I, winding assenbly. 10 18.
The appaﬂm UBBaCCEP%?HBa'?B‘ScﬁCQPFﬂ' to ﬁﬂ@hﬂﬁﬁﬁ%n\f‘%% f'ECE%ér'é is
ﬁougl ed to theupleans! ki tahstdtivgestagsl and BORBrIRLNY c62xaXividth Wel Beddop sensor
ead.
head.





