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SYSTEM AND NETHOD EOR SELECTI VE SCANNI NG OF AN OBJECT OR
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PATTERN | NCOYPNB4ECAN CORRECTI ON 5 Field of Invention TCVUThe present
invention is directed to a system and net hod for scanning an object or
pattern. Background of the Inventibbn 10 Machine vision systens are
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quality with respect to predeterm ned 15 specifications. For exanple, a

system nmay i nspect a sem conduct or chip package to determ ne whet her
each of the | eads of the package has the proper dinmension. A system
may al sos i ngpeel berrseehedewity of solder balls on ball grid arrays.

20 Patterns such as bar codes and data codes are al so i maged by
such syst enfhe| pugeendf invereiomtierdisegtedis waystem gpdameshpdt er in

order to "regd" stARniAL CLTBLL UL or &SNt ed by these codes. 25

Background of the Invention

10 Machine vision systems are commonly used in industry for
high speed inspections. 1In particular, these systems are
used to obtain digital images of objects in order to
determine, with a computer, whether the object is of
"acceptable" quality with respect to predetermined

15 specifications. For example, a system may inspect a
semiconductor chip package to determine whether each of
the leads of the package has the proper dimension. A
system may also inspect for coplanarity of solder balls
on ball grid arrays.

20
Patterns such as bar codes and data codes are also imaged
by such systems. Images of these patterns are analyzed
by a computer in order to "read" the information
represented by these codes.

25

In a machine vision system, an object (or pattern) is
typically imaged by scanning the object with a light
source and capturing the light reflected from the object
with a video camera (i.e., a photodetector). A digital
30 image is formed from the image received by the camera and
the digital data is analyzed by a computer in order to
determine characteristics of the object or pattexn.

Fig. 1 illustrates a scan pattern of a typical machine

35 wvision system scanning an object (e.g., ball grid array
130) . A gantry (not shown) supporting an optical system
(including a laser light source) moves at a constant rate
along (or parallel to) the X-axis. A laser beam is swept
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In a machine vision system an object (or pattern) is typically imged’

by scanning the object with a |ight source and capturing the |ight

refl ected frwowedm7obj ect with a video canera (i.e., a phot/osmlessor) .
A digital 30 inmage is formed fromthe i mage received by the canera and

the digital data is analyzed by a conputer in order to determ ne
characteristics of the object or pattern. Fig. 1 illustrates a scan
pattern of a typical machine 35 visiorsystemscanning an object (e.g.,
ball grid array 130). A gantry (not shown) supporting an optical system
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correspondl n port lon of 1 ] ect eat ure Ot scanne
Accor di ngl YFi%ate for example, wh11e the left portlon of object
feature 101 is scanned, the corresponding portion of
10 object feature 102 is not scanned. Accordingly, data

related to the object feature 102 may be incomplete.

Moreover, in the system illustrated in Fig. 1, each spot
of reflected light is collected from each point along the

15 entire length of each scan line. Data points related to
the light reflected from each point are processed and
stored. Data points which include no information about
the object features (such as along scan line e-f) are
also collected.

20

ar £ e In ' tion

The present invention provides a system and method for
correcting a scan pattern of a moving optical scanning
system. In an exemplary embodiment, the optical'scanning

25 system is mounted on a gantry, and positioned above an
object (or pattern) to be scanned. The gantry includes a
motion mechanism for positioning the optical system to
different X-Y positions above the object (or pattern).
The gantry moves the optical system at a constant rate

30 along (or parallel) to an X-axis. Using a light source
and a first deflector, the optical scanning system
quickly sweeps a light beam in a direction orthogonal to
the motion of the gantry by changing the angle of
deflection of the first deflector linearly with time. To

35 compensate for the motion of the gantry, the optical"
system of the exemplary embodiment includes a second
deflector which deflects the light (deflected by the

M



“relat ed. to the object feature 102 may be inconpl ete. Mor eover, in the

systen1|IIustrated in Fig. 1, each spot of reflected lig ected
from each pS‘fQﬁ 4<‘§l1‘8ng the 15 entire length of each scan Ilng&T’b%’eg?Dgngm nts
related to the light reflected fromeach point are processed and
stored. Data points which include no informtion about t he obj ect
features (such as along scan |line e-f)_are al so collected. 20

Sunmmary of the Invention The presgnt i nvention provides a system and
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system |7 an exe |c scanning 25 systemis
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of def Réaei ﬁtbﬁgphelftﬁst—heleﬁ@%x%r linearly with tine. To 35
conpensate for the notion of the gantry, the optical system of the
exenpl ary e odi nent |ncludes a second defl ect or whi ch ,defl ects the
i ght (defI Qgtﬁﬁa h&canning system of the present invention may

also optionally perform "selected" scanning. In
particular, the optical scanning system directs light to
various portions of an object along scan lines. Data
points related to the light reflected from only selected
portions of the object, rather than the entire object,
15 are collected. Accordingly, the amount of data analyzed
and stored is reduced thereby conserving resources.
Additionally, the scanning velocity may be increased
since there is less total data collected and processed.

20 In another embodiment, the optical system optionally
employs a novel "look-ahead/ loock-behind" scanning
approach to further improve the rate at which portions of
an object (or pattern) may be inspected.

25 i escription of win

Fig. 1 illustrates a prior art scan pattern.

Fig. 2 is a diagram of the overall system architecture of
one embodiment of the present invention.
30

Fig. 3A illustrates the front plan view of the optical
system of Fig. 2.

Fig. 3B illustrates the side plan view of the optical
35 system of Fig. 2. -

Fig. 4 illustrates an exemplary scan control voltage wave



3 first deflector) in a direction opposite the notion of t he
gantry thereby conpensating for the notion of the gantry, the )
defl ecti on wudogtomi ng determ ned as a function of the welTous99/925¢6 t he
gantry. The deflected 5 light is focussed on the object (or pattern).
Accordingly, the object is scanned along a corrected scan l'ine
orthogonal to the X-axis. The optical scanning system of the present
invention may 10 also optionally perfé&rm "sel ected" scanning. 1In
particular, the optical scanning systemdirects light to vari ous
portions ofoxm @%?@‘éia@%ﬁglté’béglq ifdgst defiectorpefnFigsel edndo the
light reflggted fromonly sel ected portions of the object, rather than
the entire object, 15 are collected. Accordingly, the anount of data
anal yzed and stored is reduced thereby conserving resources. B
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| ess taqtal .QC anpt e ent, the
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scanning 3B.approach to further inprove the rate at which portions of

an object (or pattern) may be inspected. 25 Brief Description of the
Dr awi ngs , Fi6g.. illustrates a priQr art scan_pattern.
Fig. illustrates the scan lines on a BGA as a result of

the performance of the exemplary corrected scanning.

10
Fig. 7 illustrates an exemplary scan control voltage wave
form associated with the second deflector in a second
illustrative embodiment of the present invention.

15 Fig. 8 illustrates the selective collection of data
points in one embodiment of the present invention.

Fig. 9 illustrates the selective collection of data

poihts in another embodiment of the present invention.
20

Fig. 10 illustrates the selective collection of data

points in an additional embodiment of the present

invention.

25 Fig. 11 illustrates "look-behind" scanning of the
exemplary embodiment.

Fig. 12 illustrates "look-ahead" scanning of the
exemplary embodiment.

30
Fig. 13 illustrates one possible application of "look-

ahead/look-behind" scanning.

Fig. 14 illustrates a stepped control voltage waveform
35 applied to the second deflector for the "look-ahead/look-

behind" scanning.

Pl



‘Fi g‘f 2 is a diagramof the overall systemarchitecture of one

enbodi nent of the present invention. 30 Fig. 3Aillustrat nt
pl an vi ew ofWPr?é"‘ﬁ%Pi cal system of Fig. 2. Fig. 3B ﬁf’buéb?f f(fé“[eas
the side plan view of the optical 35 systemof Fig. 2. Fig. 4
illustrates an exenplary scan control voltage wave

4 form associated wth the first deflector of Figs. 3A and 3B.
Fig. 5 illustrates an exenplary scan coftrol vol tage wave 5 form

associ at ed W|th t he, second defl ector Fi Fig. 6
i |l ustratesFife %Eahff AEE2LHE aa%@‘ed%p]a?ﬁ’gﬁﬁve T apﬂ%‘g%gert offSnce of
t he exenpl aggcendr @ef bdcsoanfiong' 1ddk -ahead/look-behind" scanning

with full correction

5 petailed D {pti
Scan Correction: Referring to Fig. 2 of the drawings,

there is illustrated the overall system architecture of
one embodiment of the present invention. An optical
system 110 is mounted on, for example a gantry 120 (or,

10 e.g., another X-Y motion mechanism), and positioned above
an object (or pattern) to be scanned (or imaged) such as
a ball grid array (BGA) 130. The gantry 120 includes a
motion mechanism (not shown) such as that described in
U.S. Patent No. 5,463,227 issued to Stern et al.,

15 expressly incorporated herein by reference, for
positioning the optical system 110 to different X-Y _
positions above the BGA 130. The motion mechanism may be
controlled by a computer 140 (which includes, for
example, a microprocessor 141, a memory device 142, and a

20 program storage device 143) to maintain a predetermined
speed during scanning. The instantaneous position of the
scanning axis is transmitted by axis encoders mounted to
the gantry 120 to the process electronics 150 and hence
to the computer 140.

25
In an alternative embodiment, the object (here, BGA 130)
may instead be moved by a motion mechanism, and the
position of the optical system 110 may remain constant.
Or, both the object and the optical system 110 may be

30 moved, relative to one another.

Data collected by the optical system 110 is transmitted
as an analog signal to the process electronics 150. The
process electronics 150, which includes, for example,

35 digital signal processors (DSPs), digital to analog (D/A)
converters, analog to digital (D/A) converters, and

input/output (I/0) and connection links, receives and



Fig. 7 illustrates an exenplary scan control voltage wave form

associated wth the second deflector in a second Il lustrative .
enbodi ment w0 9%4087pr esent i nventi on. 15 Fig. 8 illustratepct/iosmessactive
collection of data poi nts in one enbodi nent of the present invention.
Fig. 9illustrates the selective collection of data poi nts in anot her
enbodi nent of the present invention. 20 Fig. 10 illustrates the
selective collection of data poi ntes in an additional enbodi nent of the
pr esent i nventi on. 25 Fig. 11 illustrates "I ook-behi nd* scanni ng of
t he exxrptegseeithediamaiiog data. FThe pRocésssdrddes 1's ook- ahead”

' . ' . Fi 13, ] | ustrates one
scanni ng oérgmlttede;t?%%g%gﬁgnegm@g ; ng analfdl. Spid | U

possi bl e appli_cation ahead/ I ook- be scanni ng. Fig.

14 i1l ust reRB8 & Qfehed 3waAvESF 25Pt HEROTER@! &P i35 pfpIatar @@ the second
def | ect or dunpdthaeviieek1glpgad/ | ook- behi nd" scanni ng.

5

Figs. 3A and 3B illustrate the front plan view and side
plan view (respectively) of the optical system 110 of the
system of Fig. 2. A light source 210 (for example, a
laser diode) controlled by process electronics 150, is

10 positioned by gantry 120 to illuminate an cbject such as
a BGA 130. Light, for example, a laser beam 230 is
directed to a first deflector 240 through cylindrical
collimators 925 and 920. In the exemplary embodiment,
collimators 925 and 920 provide the proper beam shape for

15 the first deflector 240, e.g., wide in the scan (or
deflection) direction and narrow in the traverse
direction. This provides collimation and spot resolution
in the scan direction and minimizes the aperture needed
by the first deflector 240 traverse to the scan

20 direction.

The first deflector 240 selectively deflects the laser
beam 230. In particular, the first deflector 240,
controlled by process electronics 150, includes, for

25 example, an acousto-optic (A.0.) deflector (although
another deflection device such as a mirror galvanometer
could be used as an alternative). The laser beam 230 is
quickly and continuously "swept" in a scan line across a
predetermined area of the BGA 130, in a direction (along

30 or parallel to a Y-axis) orthogonal to the gantry motion
(i.e., along or parallel to an X-axis) by linearly (with
time) changing the drive frequency to the deflector 240
and thereby linearly (with time) changing the deflection
angle of the laser beam 230.

35 -
From the first deflector, the laser beam 230 is directed
to a second deflector 250 through, for example, a beam




Wo 59/ 40473 Fig. 15 illustrates an exenplary wave formapplied to
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J ( (%eam where it is wide and widen the beam where it is
10 narrow.

In the exemplary embodiment, the second deflector 250,
controlled by process electronics 150, includes, for
example, an A.0. deflector (although another type of

15 deflector such as a mirror galvanometer could be used).
This second deflector 250 performs scan "correction" by
increasingly deflecting the laser beam 230 (i.e.,
linearly changing the deflection angle) along (or
parallel to) the X-axis at a rate proportional to the

20 rate of travel of the gantry along (or parallel to) the
X-axis.

The laser beam deflected by the second deflector 250 is
directed to a beam expander 910 (a cylindrical telescope

25 comprised of lenses 911 and 912) which alters the shape
of the beam so that the beam has the same diameter in the
X and Y directions.

Finally, an optical system 260 comprised of, for example,

30 spherical scan lenses, focusses the laser beam to a spot
on the surface of the BGA 130 (or other object or pattern
being imaged) .

Light impinging the BGA 130 and reflected therefrom is
35 focussed through optical focussing systems 270, 280

(comprised of, for example, spherical elements) onto

photo sensitive devices 290, 295 (position sensitive or



may i nstead be noved by a notion nechanism and the position of the

optical system 110 nay renmi n constant. Or, both the object and the
optical syswemwpddds may be 30 noved, relative to one anot hePCT/US99/02548at a
collected by the optical system 110 is transmtted as an anal og si gnal
to the process el ectronics 150. The process el ectronics 150, which

I ncl udes, for exanple, 35 digital signal processors (DSPs), digital to
anal og (D A converters, analog to8digital (D/A) converters, and

i nput/output (1/0O and connection links, receives and _
processes ERBSARd| dgviaes. Mpeterernsiddyeisiipdes, dioderansavsted to the

conputer 14@cf or (8peiysl Stodiesing syfnd 270f, bRe anal yabscare reported to
t he operator and 3B illustrate

on, . out put device 160. . Figs., 3
the front EFEﬁIS?gﬁlgﬁﬁlékfkégo' 2 eﬁ?qnéi$u€F€§E§8tFOeP?}Yo?n?he opti cal
system 110voéwt hi.e., Fiyst3m of Theg BGA 1Ao|ﬁgbgiﬁQprEiaéO(if@r,exagpLe, a
| aser di od C r ﬁggﬁf elect r ani.c 5 Ls 10 ositione y
gantryqa208%8$?€?uﬁ$%§€%gg%gg Jecsﬂsﬁﬁﬁ’aggo §né %Eﬁ#?Sﬁ?nifbﬁY? for
exanpl e, adP¥sees bR 2B imay be @nnanged. t §ou exepmpleefaecslowz40 t hrough
cylindricato satisfy the well known Scheimpflug condition to focus

along the plane of the object (here, BGA 130).

10 Analog signals generated by the photo sensitive devices
290, 295 are transmitted to the process electronics 150
and are processed and analyzed by process electronics 150
and computer 140. Information collected by the photo
sensitive devices 290, 295 may be used, for example, to

15 determine Z coordinates of points on BGA 130 using
standard optical triangulation techniques, as described
in U.s. Patent No. 4,957,369 to Antonsson, expressly
incorporated herein by reference.

20 Information from the photosensitive devices 290, 295 may
also be used by the process electronics to module the
laser intensity or the time that the laser beam is active
at each of the scanned points to strengthen or reduce the
beam energy delivered to that point in accordanceé with

25 the received energy being too small or too large,
respectively, due to the targets reflectance or
specularity characteristics.

In the exemplary embodiment, the laser beam image is

30 spatially quantized so that a number of discrete image
points are formed along the scan line rather than a
continuous image line. This may be accomplished by, for
example, pulsing or shuttering the laser 210.
Alternatively a continuous (CS) laser could be used and

35 the imaging device may be operated in a sampling mode to
obtain the quantization.
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and 920 pro proper beam shape for 15 the first defl g¢
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traverse direction. This provides collimtion and spot resolutlon

in the scan direction and mnimzes the aperture needed by the first
defl ector 240 traverse to the scan 20 I rection. The first deflector
240 sel ectively deflects the | aser eam 230. In particular, the first

defl ector 2 QY I hlee S e Ogh 3 for 25
exanpl e, aﬁﬁgc&ﬁg?ug' tl%h g89¥r3e??§c38§h Q%Eﬁga§§gi§ £h na%Hgé%&eflectlon
devi ce sucrﬁxﬁﬁ%ﬂrﬁ%QHMNQ$%9véﬁoﬁeF@FStaﬂtCEBFE Béoﬂge&°559%ﬁa%}?%rnatlve)
The laser besymA3&Klskis. ml exk;k:)édaaaoeent thHeOBSkYt "G¥EDECLA 2 GCcan |ine

across a redet.e f the B rectlon (al ong 30
or parallel®? ?ﬁﬁiqéfﬁﬁ' aP 8 Fﬁ@ngﬁg? éaﬁn}?é i .e., along
or paraBIeldixaenndbzmalﬁngbprlpaeaﬂlyl(moth Y- axishn¢rthaggmmh tde drive

frequency tg,d gﬁrﬁ%} e:‘chtoo"mc:"c‘i% yoﬁriﬂﬁ Qﬁgegi{agéﬁ?ﬁg” 1&%‘5 {{imd | )

changing the d ect ser From t he
first deflé%h%wdr#Wﬁaﬁﬁ%ﬂﬁenﬁwaﬁngbel§l§$FeéF§HeCt°rt%4% se®ml defl ector

250 t hroughjef ety @t . su@hb@@Man A.0. deflector, the amount of

deflection is controlled by the application of a control

10 voltage to the drive electronics of the deflector 240.
The control voltage input is converted by the drive
electronics into a varying frequency output signal in a
voltage controlled oscillator (vco) section with the
frequency being directly proportional to the amplitude of

15 the input voltage. The A.0. deflector deflects the
illumination beam by an amount which is proportional to
the frequency. In the exemplary embodiment, after the-
maximum Y position is reached, the deflection along (or
parallel to) the Y axis is reset (in a short time

20 compared to scan time) to deflect the beam to the minimum
Y position and the next scan line is initiated. The
laser beam may be turned off during reset. Of course, as
an alternative, the beam deflection may be reversed to

create a triangular rather than sawtooth scan pattern.

25
Fig. 4 illustrates an exemplary scan control voltage wave
form associated with the first deflector (for five scan
lines). As illustrated, the first scan line begins (a)
and voltage increases linearly for time t when the laser
30 beam reaches its maximum Y position (b). The deflector

is reset (b-c) and the second scan line begins (c).

In addition to the Y-axis deflection by the first
deflector 240, the second deflector 250 deflects the

35 laser beam along (or parallel to) the X-axis and, in this
embodiment, in the opposite direction of the gantry
motion in order to compensate for the changing gantry



7 conpressor 905 (conprised of | enses 901 and 902) and a beam
expander 900 (conprised of |lenses 902 and 903). (In thi s enbodi nent,
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othogonalize the scan.

Fig. 6 illustrates the scan lines on the BGA 130 as a
result of the performance of the above-described
15 corrected scanning.‘ As shown, the scan lines a-b, c-4d,
etc. are generally parallel to each other and to the Y
axis. In accordances with Figs. 4, 5, and 6, the gantry
120 moves the optical system by a distance {c-d) or {d-b)
from a position orthogonal to scan line a-b to a position
20 orthogonal to scan line c¢-s, in a time t + T where t is
the time it takes the first deflector 240 to sweep the
laser beam once across the area of interest and t is the
time it takes the first deflector 240 to reset to begin a
second scan line. Here, the scan lines will be spaced at
25 a distance d where
s =v * (t+ 1)
(v=velocity of the gantry).

Note that since, for each particular illuminated spot on

30 an object, the X and Y coordinates will be known based on
the position of the gantry and the angles at which the
deflectors 240, 250 deflect the source laser beam, the Z
coordinate of each point may be easily calculated using
standard optical triangulation techniques.

35 ,
In a second illustrative embodiment, the second deflector
250 deflects the laser beam along (or parallel to) the X-

AL



’befng I maged).. Li ght inpinging the BGA 130 and reflected therefromis
35 focussed throu&h optical focussing systens 270, 280 9%6%49

for exanpl e, Qﬁﬁ% tal el enents) onto photo sensitive deV|ces 295
(position sensitive or

sensi ng devices, photo sensitive diodes, diode arrays, etc.) (optlcal
focussing systems 270, 280 and photo sensitive devices 290, 295 are
illustrated in onIy one view, i.ell Fig. 3A). The BGA 130 i nagi ng
optics (i.e. Jcal focu sin ystens 270, 288ﬁ2nd Qhoto sensitive
devi ces 2903x2@59 Weendy tdon,assh Yto satisfy the
wel | known &sbedmpii Leg. Candmbsmtﬂumﬁﬂahead of thbongtﬁbalpbaaEenT the

obj ect (here 0 &8 Ana n r y .
sensitive devi ‘?:%é]}gtg ar e tr %k%m%hﬁn%?gg %ﬁ@r? E%ggtg ect ronics
150 and(@ver priesfed arnsiraty xédey pForesschl éeenohme 130 and

conput erg 1491né£§£¥rﬁﬂdﬂﬁhd§”df%%%?¢ ukaeypﬂetapplleaeeelth&e devi ces 290,
295 may be used, fég exanple, ¢oor di.nat es oé poi nts on

BGA 130 usi#gcond ‘%cal?F?Fhﬁ&ﬁﬁati&ﬁdte&ﬁnﬁﬁﬁegasﬁ descri bed

with time to orthogonalize the scan.

Fig. 7 illustrates an exemplary scan control voltage wave

10 form associated with the second deflector 250 (for five
scan lines) in the second illustrative embodiment of the
present invention. As illustrated, the first scan line
begins {(a) and voltage decreases linearly for time t
(when the laser beam reaches its maximum Y position(b)).

15 The deflector is reset (b-c) and the second scan line
begins (c).

While exemplary embodiments have been illustrated and

described, it will be understood by those skilled in the
20 art that various changes in form and details may be made
therein without departing from the spirit and scope of
the invention. For example, in the above described
embodiments, two deflectors (i.e., deflectors 240 and
250) are utilized, the first deflector deflecting light
25 along {(or parallel to) a Y-axis (with the deflection
angle changing linearly with time), the second deflector
deflecting the light deflected by the first deflector
along (or parallel to) an X-axis (with the deflection
angle changing linearly with time). It is possible for
30 the first deflector to instead deflect along or parallel
to the X-axis while the second deflector deflects the
light deflected by the first deflector along or parallel
to the Y-axis. Additionally, it may be possible to
instead utilize a single deflection device (instead of
35 the two deflectors) capable of changing deflection an§1es
in both directions (i.e., capable of scanning in both the

X direction and Y direction, or in two dimensions), such



in US. Patent No. 4,957,369 to Antonsson, expressly I ncor por at ed

herein by reference. 20 Information fromthe photosensitive devices 290,
295 may wa®aodre used by the process el ectronics to nodulPET{USE02546 | gser
intensity or the time that the |aser beamis active at each of the
scanned points to strengthen or reduce the beam energy delivered to
that point in accordance wwth 25 the received energy being too snmall or
too |arge, respectively, due to thextargets refl ectance or

specul arity characteristics. In the exenpl ary enbodi ment, the | aser

beam i mage dss, ¥br spairpdlel, y aquantozebasing Hawo axpmind wsitadiisdy ete i mage
points_are Jr?éf%qn aéh%”%ﬁ%ﬁe ?.C?Etgi:?Snrﬂg%ré thl to @Y i nuous image
Pshed y, fo

| ine. This nmay be acconp _ r exanpl e, pulsing or shuttering
the |aser ZS_LECcher~_ Alternatively a continuous (CS) |aser could be used and
35 the imgi ng device nmay be operated in a sanpling node -to obtain the

uant i I on.

gper at fgﬁll Oﬁnﬂee"d'eﬁ‘ﬂ BFapsdngindheceBF LAY SCIHE htTHSHe™ E?Lmsf/)sft lé:%ellO)

noves at a LONStANG fah i8hondy( 21 s8368t 1Ghally perform "selected"
scanning. In particular, the optical scanning system 110
directs light to various portions of an object, for
example, along scan lines. Data points related to the

10 1light reflected from only selected portions of the

object, rather than the entire object, are collected.
Accordingly, the amount of data analyzed and stored is
reduced thereby conserving resources. Additionally, the
scanning velocity may be increased since there is less

15 total data collected and processed.

In accordance with the exemplary embodiment, process
electronics 150 under the control of the computer 140
collects data points (via photo sensitive devices 190,

20 195) only along scan lines intersecting object features
of interest. 1In the example shown in Fig. 8, data points
820 along scan lines 810 intersecting solder balls 840 on
BGA 130 are collected.

25 The computer 140 controls the process electronics 150 to
collect data points 820 (via photo sensitive devices 190,
195) only along scan lines that intersect a solder ball
840 in accordance with a stored program. The stored
program (stored in, for example, storage device 143)

30 includes information concerning the geometry of the BGA
830. For example, the stored program may include
information derived from a BGA specification, or derived
from an earlier obtained image of a sample BGA.
Accordingly, the scanning system of the present invention

35 has a priori knowledge of where each of the solder balls

840 should be positioned on BGA 130.

1



’to)’ an X-axis. As noted above, the first deflector 240 causes the | aser

beam 230 to BGA 130 in a 5 direction (along or par
Y-axis) orth ég’ﬁlé J;?o the gantry 120 notion by linearly ?r#ﬁ%sﬁhfgaﬁ\% th

tinme, the drive frequency to the first deflector 240 For a

defl ector 240 such as an A O deflector, the anount of deflection is
controlled by the application of a control 10 voltage to the drive

el ectronics of the deflector 240. e control voltage input is

converted by the drj . _electro n agvarving fre n ut put
signal in a¥ P *Yolta g’e cﬁt%ﬁcetc?raocté tl%?‘gr f("‘\%gg‘ eggg_i gﬁgwﬁgﬁg
frequency beeng the esvldempripidrs i8dtal wid 1t lealanpei pogatdpnes ?hengnput
vol'tage. Thg.4nQ; 9%'@% Oatndith % O tAf&ordmbll{yurrhnat peBchgam by an amount

which is pro ortiong uen he_exenpl.ary epbodi nent,
after the- ec%%mnlﬁqadsﬁ tqqsﬁ-n i@@a@ﬁ‘é@f CongoadErEcARBA 2L8Rg (or
paral | els t ogcéhiel ¥néi 3-6 saridsat-1g,n ja eshorl 1t daea2Bosatpased to scan tine)

to deflect the.beamto Y tL,0n_an next _scan line is
initiated. Rﬁ%determjaré%% @g Wﬁ;?‘ad“éast ur ﬁ‘ﬁ‘ gf’ &arr ﬁln?ggef% Bf“Course, as
an al ternatpokntthe keewn def | et isyrs temy simceeviér sedat éunctloneafe a
triangular {alngse!bag, SEaRt NiaBGaY A QR 23n parEifuldyl | Lhstrates an

exenpl ary scan form assocr at h the first
defl ector (PBELIFR}yesERERM 110) jansk)theaanglegsthateghet HefLpFEP¥Ecan |ine

begi ns i) 240, apslo Vel £ BEEr 141 CagRs Ibdagariky .for tine t when the | aser 30
beam reaches its maxi mum Y position (b). The defl ector Is reset (b-c)
and the second scan |line begins (c). In addition to the Y-axis

defl ecti on by thésfémisedimentdeftlectfdnrR4@efilectoec8nd détketsorr250

defl ects the,dgplagss hepad ange (10456[1390@%2“6'23&)0;&8@3&%' 8cANgsoi n this

enbodi nent e opposite dlrectlon 0 ant rﬁ mption in order to
conpensat e %@nsh%a%a% HRe geiias 1-17, even though data'is only

15 collected along a subset of these lines. 1In an
alternative embodiment, the process electronic 150 may
cptionally turn off (or pause) the light source 210,
and/or deflectors 240, 250 while the gantry 120 moves the
optical system 110 between lines 6 and 11. The velocity

20 of the gantry 120 may also be increased between these
lines (6-11) since no data is simultaneously collected.

The scan lines 1-17 illustrated in Fig. 8 have been
corrected using the second deflector 250 and correction
25 technigues as described above. However, it is possible
to selectively scan in accordance with this invention
without the correction. Uncorrected, the resulting scan
lines would appear similar to those shown in Fig. 1.

30 Fig. 9 illustrates a variation of the present invention.
In this embodiment, the computer 140 and process
electronics (via photo sensitive devices 190, 195)
selectively collect data points 910 along each line 1-17
only at particular Y coordinates where it is expected

35 that object features of interest, such as solder balls
840, will be present (in accordance with, for example, a
BGA specification). Here, the first deflector 240
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10 position (over time at a constant rate). For each scan line, a
| inearly changing drive frequency is applied to t he second defl ector
250. Fig. 5wodumpsr3at es an exenpl ary scan control vol t agreTViz898/02546n
associated with 5 the second deflector 250 (for five scan lines). As
illustrated, the first scan line begins (a) and voltage decr eases
linearly (increasing scan lag) for time t (when the | aser beam reaches
its maxi mumY position(b)). The defl ector is reset (b-c) and the
second scan |ine begins 10 (c). The effect of the correction deflection
is to stimeggsathee lagersbaam 230 alengy.each i datlds s desa |ines on

the BGA 13QLsa§10% collE%éHbt off aﬁQ?yPé‘d’lff%mn%@fréﬂ%c%@w%%ﬁsﬁﬁébed 15
corrected scanni ng shown he” scan | j nes a-b d, etc. are

general |y ﬁ@FﬁPFéloﬁotéﬁcﬁGﬁt%é? %5dﬂ?%ﬁ§%ﬂ95v°the€»&h§n thogecBFdances with
Figs. 4, 5preddtermihedggntoprdinadedd (wasss, t¥ie-Yeptan@alyisyatem by a

di stancg (c-d) or (d-b) froma position orthogonal to scan line a-b to

a position 20 orthogonal to scan line c-s, inatinet + [err] wheret is

the tinme itint ghesemhedimest défFigt o, e defdwediorhengle pésthebeam once

across the qargacebr ahsrggsneag ilﬁéaltﬂﬁ (and,! ia#8 4 eohakest paekirst
deflector %ﬁ%htgl&gsgg égscrgbed in connection with Fig. 4 under

the control of the process electronics 150. As an

10 alternative, the deflection angle of the first deflector
240 may change at one rate while data is collected by
computer 140 and process electronics 150 (e.g., for Y1-Y2
and Y3-Y4), and may change at a second, faster rate
during the time that data is not collected (i.e., for Y2-

15 Y3). The deflection angle may be also change at one rate
while data is collected (e.g., for Yi-Y2) and then may be-
changed almost instantaneously so that the beam skips the
portion of the object from which data is not being
collected (e.g., ¥2-Y3), and begins scanning again at the

20 next data collection point {e.g., ¥Y3). Also, the light
source 210 may optionally be turned off (or paused) while
the deflection angle is changing at the faster rate (or
is changed to skip a portion of the object) since data is
not being collected. As before, the gantry velocity is

25 set to move the gantry by the distance between scan lines
during the total of the scanning time and the reset time.

Accordingly, not only are valuable resources conserved,
but also the speed at which the information of interest

30 1is gathered and analyzed is increased. 1In the
illustrative embodiment, the information of interest is
the information received as a result of impinging light
on the solder balls 840, for example, in order to
determine Z coordinates using standard optical

35 triangulation techniques. T.

In another embodiment of the present invention, the

FT



"second scan |jne. Here, the scan lines will be spaced at 25 a distance d

wher e [err] (v=velocity of the
Note that siWR&M¥H each particular illumnated spot on 30 Pgiril.mosg?(/ezéﬁ t he

X and Y coordinates will be known based on the position of the gantry
and the angles at which the defl ectors 240, 250 deflect the source
| aser beam the Z coordi nat e of eag% poi nt may be easily cal cul at ed
usi ng standard optical triangulati t echni ques. 35 In a second

1 ustr i ve e 1pnt . Lbe SR SRS rige?™) 45 Schay! b | o5er
11 axi €o d nbmt oT ¢y Heo shaigl ke peiasst B@0gastry not i on

(i.e., to ppsihiepstadend ®fqt e optical system in order to conpensate
for the changing gantry position (over tinme at a constant rate). For

each scan line, a 5 linearly changing drive frequency is applied to the
second def| BebRFARSAA/Ibck Behdirtd "Samatiingy dPefdasedrs 240, thBs50inme to

orthogonal i ze the scan. ,
(A.0., rotating polygons, mirror galvanometers and the

like), as well as pulsed laser sources (light source 210)
can be operated at very high speeds. However, the rate
at which photo sensitive devices (190, 195) can collect
10 data (sense reflected light), may be somewhat of a
limiting factor in terms of possible overall system
performance gains that would be otherwise achievable in
accordance with the selected scanning described above.
Also, since the gantry 120 is mechanical, it cannot move
15 instantaneously between two points. Thus, if the
velocity of the gantry 120 is set to allow time for the
photo sensitive devices 190, 195 to collect data along a
scan line intersecting a feature of interest, it cannot
move instantaneously to a position orthogonal to the next
20 feature of interest.

Specifically, in connection with Figs. 8 and 10, one
would like to move the gantry 120 instantaneously from a
position orthogonal to a scan line intersecting the end

25 of one ball (scan line 6) to the beginning of the next
ball (scan line 11) since no data is collected between
the balls. Mechanical devices, however, cannot move
instantaneously.

30 In one exemplary embodiment of the present invention, the
optical system 110 optionally employs a novel "look-
ahead/look-behind" scanning approach to further improve
the rate at which portions of an object may be inspected.
Such an approach is particularly useful when collecting

35 data points 820 as described in connection with Figs. -8
and 10. That is, "look-ahead/look-behind! scanning is
particularly well suited for use in a system where it is



Fig. 7 illustrates an exenplary scan control voltage wave 10 form
associated with the second deflector 250 (for five scan lines) in the
second i | | ugdbwetisye enbodi nent of the present i nventi onPCRIS9/02546
illustrated, the first scan line begins (a) and voltage decreases
linearly for time t (when the | aser beamreaches its maxi numyY
position(b)). 15 The deflector is reset (b-c) and the second scan |ine
begins (c). Whi | e exenpl ary enbodénents have been illustrated and
described, it will be understood by those skilled in the 20 art that

vari ous chahgfﬁred1dbmmnqmaaséethelyehaylbﬁ ofide gantmhek2d rrediatiogt

departing f 5”93%¥?f¥361€¥ %Qdwﬁgeﬂepﬁgtosené{%&¢é“ﬂﬁulégb 1y, @vaple, in

t he above escrl nbodi nent s, deflectors (i.e., def | ectors 240

and 2500ang @q;trqsppé:almsherppﬁgﬁ aéﬁ%ﬁ?%caéﬁ%cﬁ%&q“}%ﬁ@r% al ong

(or para'|€1sdﬁﬁcah'ﬁdi&b%t(WhtB Fbe drél ecamnohine. angle changing linearly
wth ti the second defl ector deflecting the light deflected by the
first def Iector along (or parallel to) an X-axis (with the deflection

angl e chandgiqwprdimgartioy tiet kxempdary| embgdpoent bl StapREE qonérolr st

def] ect ol MRIAYLIRATLAC 8! Q”EPHEEP@&%fe&m ) & i ddh e anhi | e the

second defl ecto | ecte flrsb def | ect or

al ong or pé#%ﬂhqgtor (hegey hd- QJaﬁﬁgle%E%Tt?%%bJ%%/queQN£P etdsSsible to
i nstead utid |s7€ﬂlr%e5|1'é@|eQ detinegBboBelleyt Lee 1y Nsd ek inficifs ahkad wf

deflec rs) c of chan flection. angl e Lections
gapé‘m gjoglla'"gcgnﬁl gh g%PEthééSltlﬁp {rec |r0ené&c§ y&d?'?qect i on, or
|n tmo di mencsiioms o f g@ehgantry 120 along the X axis). This
operates in a similar fashion as the scan correction

discussed above.

15 Referring now to Fig. 11, a diagram of "look-behind"
scanning is illustrated. The optical system 110 is
positioned orthogonally with respect to point 1100.
However, the second deflector 250 within the optical
system (illustrated in Fig. 3) deflects the laser beam

20 230 backward (with respect to the direction of motion of

 the gantry 120) at a particular deflection angle ©.
During "look-behind" scanning, angle © increases as a
function of the velocity of the gantry 120 and the
previous location of the beam 230. ’

25
Fig. 12 shows "look-ahead" scanning. Here, while the
second deflector 250 deflects the laser beam ahead of the
gantry 120 at a particular angle ¢. During "look-ahead"
scanning, angle ¢ decreases as a function of the velocity

30 of the gantry 120 and the previous location of the beam
230.

One possible application of "look-ahead/look-behind"
scanning is illustrated in Fig. 13. In this example, the
35 wvelocity of the gantry 120 has been set based on the -
velocity at which the photo sensitive devices 290, 295
(and process electronics 140 and computer 150) can detect

1B



WD 99/ 40473 12 as, for exanple, a

mrror havi t es of rotation wherein the axes of rqlati§¥9/02446
or t hogonal p@cgﬁ@mﬂé anot her . 5 Sel ected Scanni ng: The opfﬁta scanni ng

system 110 of the present invention may al so optionally perform

"sel ect ed” scanning. In particular, the optical scanning system 110
directs light to various portions of ar17obj ect, for exanpl e, al ong scan
lines. Data points related to the 10 Ii'ght reflected fromonly sel ected

portions of e ] r n the My j e Liected.
Accor di ngl y?ﬁah%r%%%%%tﬁ%#l%%%aé]g‘nlgﬂﬁed Iglnéa%stc%rceég?‘s' Eh? ?% Sg:gd&t her eby
conser vi ng eEsbhe caantryidi29 ciflset fusk thatswhen fgevePSArey may be

i ncreased sipgeehhPi@ iS poS bndPhilq-Naka vethers! edoafdapugeessgd. ..
I'n accordange with the exenpl ary enbqdi rirlent, pr.aces s I4 Ct% nics 150
under the coRERBFSHf (?%%“%gﬁiﬁjt ra’%fa ' er@olslo&%f% 3’311& pgl ﬁt’s 89| a photo
sensi tive deganrsng98ystém 10H) o \soaimegl sonenhalfesfi at epddeti ng obj ect
Lsatures, padl | TLE Ellp PR UP B AR e IR R AR
coll ected. a distarceoppUiwr SIEN domeasolis the simeeds ErEesr&hBcs 150 to
col I ect dat gppoiQt SsPgerh Vi 0 IR INRNY datd PR hedSsid0along one
scan line.
10
Assume that gantry 120 positions the optical system 110
directly above line 1301. The light source 240 pulses a
light beam 230 along line 1301 at the spots on BGA 130
corresponding to the data points 820 (i.e., in accordance
15 with the technique discussed above in connection with
Fig. 10) by the first deflector 240. When the optical
system 110 has completed scanning the appropriate points
on line 1301 and the first deflector is reset to begin
scanning line 1302, the gantry 120 (having moved at a
20 constant velocity) is positioned directly above line
1303. Since the optical system is not orthogonal to the
next set of target points (i.e., along line 1302), the
second deflector 250 must deflect the laser beam 230
backward (with respect to the motion of the gantry 12) to
25 compensate for the change in angular direction.
Accordingly, the process electronics 150 applies a first
control voltage to the deflector 250 so that the optical
system can scan along line 1302. In this embodiment, the
first control voltage is proportional to the necessary
30 deflection angle © (see Fig. 11).

When the optical system 110 completes scanning the points
along line 1302, the gantry 120 is positioned above line
1305, thus a second control voltage - greater in

35 magnitude than the first control voltage (since the .
required deflection angle 6 is greater) - must be applied
to the second deflector 250 to compensate for the next



195) only along scan lines that intersect a solder ball 840 in .
accordance with a stored program The stored program (stored in, for
exanpl e, stwoag@osIsvi ce 143) 30 includes infornmation concer RCHESPHERS546
geonetry of the BGA 830. For exanple, the stored program may incl ude
information derived froma BGA specification, or derived from an
earlier obtained i mtage of a sanple BGA Accordi ngly, the scanning
system of the present invention 35 ha%8a priori know edge of where each of
the solder balls. 840 shoul d be positioned on BGA 130. |
13 | nclRinge gin igndul agx gdaess 1eRat ot RBefBa¥tr ¥Rl iNfered her e
tlfllelgol igg%%}g% L%%@ﬂ'oi r;mﬂé ﬁ@c&s@ecaﬁlﬁihhege@nairiggau ofS gt : i ngs 2-6 and
-15. , e process el ect.roni ¢s | t only to
col l ect dafeldgokplls Sﬁ'é’gﬁ’aﬁ i?@?nZ-séagﬂﬁ 1139¢ the @?&aﬁqc%(fa{'la%oi nt s'yat
predet er i sk 04 st diAatops i cBlle s¥sYemod2di bat dlxgctely rbove gdingt is known

by the5§ys%f §ince it is a function of the position of the gantry 120
(and, i p cular, the optical system 110) and the angles that the
deflectors 10 240, 250 deflect the | aser beam 230. In this

embodi nentyyd hedidal AafdeaChon 24Rtdbegehs Pérformigediodior pul ses) the
| aser beam 230_ across the BGA 130 . .
ahead" scanning. A control voltage is applied to the
second deflector 250 so that the laser beam 230 is
10 deflected to impinge a point ahead of the gantry 120
(relative to the direction of motion of the gantry 120).
In the example of Fig. 13, points along line 1317 are
scanned. At the time that the optical system 110
completes scanning points along line 1317, the gantry is
15 positioned at line 1310. A second control voltage is
applied to the second deflector 250 to compensate for the
change in angular direction to the next scan line, i.e.,
line 1316. In this embodiment, the second control
voltage is smaller in magnitude that the first look-ahead
20 control voltage since the optical system is now closer to
the target points. This process continues until the
first half of the solder ball 845 has been scanned, at
which time the optical system is positioned above line
1317. The optical system then begins look-behind

25 scanning again.

Fig. 14 illustrates the stepped control voltage waveform
applied to the second deflector 250 in this embodiment
for the "look-ahead/look-behind" scanning. Each step

30 corresponds to a different scan line. In this example,
step 1402 corresponds to scan line 1302, step 1403

corresponds to scan line 1303, etc.

In addition to "look-ahead/look-behind" scanning, the
35 system described in connection with Fig. 13 may also

correct the scan lines as described above in connection

with Figs. 4-6. That is, the illustrative system also

18



'alohg each of the lines 1-17, even though data is only 15 collected al ong
a subset of these |lines. In an alternati ve enmbodi ment,
o 1300 Sigpars LRETRERIESR, |

el ectronic 1 optionally turn off (or pause) the Ilg

and/ or deflectors 240, 250 while the gantry 120 noves the opti cal
system 110 between lines 6 and 11. The velocity 20 of the gantry 120 may
al so be increased between these lin § (6-11) since no data is

si mul t aneousl y coIIected The scah®lines 1-17 illustrated in Fig. 8

have been rse%toeghﬂs's@gohﬁkgéﬁf%gogeﬁé&céﬂé @cgr[or&ftdl&?”ec“ on 25

t echni ques agp escribe o selectively
scan in accooadred wave £prm Lhleatraned lanl%ouﬁ dypeindr 'tk on.

Uncorrect ed,betﬂlexdrv-e%%lahhaagscaﬂd thel E8BSc¥PUbS COREAS] Shdild o those
shown in Fi strates_ a varlgagon of the present

hoonti on Y110k rAbRd SROBAPmo A SOFLES Cohatk ARSI AR oG Al
el ect ronbcs regudtphalld s€nshti geadevines a’LB@ oﬁﬂ&)gonal sed etid vel y col | ect

data points l.ong ea e pardic Y, Goqydi nat es
where it is dg%%ggtlgg g %pﬁk%ﬂ BE )tZ f%a?g{]% " ntéer els%é{jCr i éj'rsfdsol der
bal | s gaganyiliinese léﬁéséﬂﬂ‘*(l h3atcb3tante mxaﬂlébrtcemwe a BGA

specificatiglis.Her@g.the fhiaktdSELECART e#éfblary wave form applied
to the second deflector 250 for "look-ahead/look-behind"
10 scanning with full correction.

Other alternative embodiments: While the present

invention has been particularly shown and described with

reference to exemplary embodiments thereof, it will be
15 understood by those skilled in the art that various

changes in form and details may be made therein without

departing from the spirit and scope of the invention.



14 directs the | aser beam 230 along each line 1-17, but data is
not collected or analyzed for light reflected fromthe surface of the
BGA 130 at wooemgsms ot her than those at pr edet er mi ned RCTYUSAYMbRSUAL €S
(here, Y1-Y2 and Y3-Y4). 5 In the enbodi nent of Fig. 9, the deflection
angl e of the defl ector 240 changes linearly (and, at a constant rate)

wth tinme as described in connection with Fig. 4 under the control of

the process electronics 150. As an 102¢alternative, the deflection angle of
the first deflector 240 may change at one rate while data is collected

by CONMpHARr I$40LADMEDr D8ess el ectronics 150 (e.g., for Y1-Y2 and

Y3-Y4), £ t t cdur] h t hat
Ty and X §PG8. e fSRRAN SERALAR! Boror (URLNERNECLOE® hal
al so changéfat one rate while data is collected (e.g., for Y1-Y2) and

then nmay be changsdidh dsd diMsd anighie@eshesaniinghet BB?@@inﬁki ps the
portion of the objg_ect fromwhjch data 1s n .colTected (e.qg.,

t bein
Y2-Y3), and begfn§tERAM T ERR Fal BFESs ecﬁggtgﬁﬁPﬁlEXflection poi nt
(e.g., Y3). Also, téeittd a lighubeam? ¥@omayheplighal syubeef urned of f
(or paused) while . gdef l.ectii.on.angle i h ] . faster rate
(or i s changed t%Wés‘%%ﬁgi %%r'tlll to_?’% £ &eagb?‘egggbg?ngér%%?%&?’s not
bei ng col | ect edthasserert dingnt igmnbeingesvbstgntsakby srthegemdle t he
gantry by the distenserdetiadi«x&3dnl;i nes during the total of the
scanning time and th eset, tine. . ccordingly, .not pnly are val uabl e
resour ces conserved,ggEle?ﬁhnngiﬁ dghtp Sama?nm%igﬁl¥ﬁed+¥ﬁ%ﬁ*ﬁﬂi<3n of
interest 30 i sagad hdeElecmibm@agized is increased. In the
illustrative enbodi | i,Rf Or .0 ) St . e information
received as a resul tn%c}#uslgrrlphﬁ ﬁ%ﬁ%lﬁ%t Begh %ﬁ ﬁﬁg é%?%l%tr’ b%rH]s 840, for
exanpl e, in order tchanging the deflection angle at a determined

rate, the determined rate being determined as a
function of the preselected velocity, the focussed
light beam scanning the object at a plurality of X-Y
coordinates along an axis substantially orthogonal
to the first direction.

2. The method of claim 1, wherein the third direction
is in a direction substantially opposite to the first
direction.

3. The method of claim 1, wherein the third direction is

in a direction substantially in the first direction.

4. The method of claim 1, wherein the sweeping step is
performed simultaneously with the moving step.

5. The method of claim 4, wherein the deflecting step is
performed simultaneously with the moving step.

6. The method of claim 1, further comprising the step
of:
detecting at least some light reflected by the.
object at at least some of the plurality of
respective X-Y coordinates.

R



"det'ermine Z coordinates using standard optical 35 triangulation
t echni ques. | n anot her enbodi nent of the present inventi
15 met YR SUEME} i bed in connection with Figs. 8 and 9 na%bggmg&&gas

conbined in order to obtain data points 820 as

illustrated in Fig. 10.

5 Look- Ahead/ Look- Behi nd Scanni ng: Defl ectors 240, 250 (A.O, rotating
m rror gal vanoneters and the like), as well as pulsed |aser
sources (light source 210) can be 8perated at very hi gh speeds.

pol ygons,

However,

the rate t which _phota seqnsitive _devices (190, 195). can
col l ect 10 7dat é'tt%é?%tg"qdeﬂfe&l@&“‘l isghf";?rﬁ'é? Bgesgﬁgﬁﬁéfn%fséeg 159I imting
factor in tgsrForiedassidlimmidionl lofsyspesitionpetf arpraselgated that woul d

be otherw s chi evabl.e | . __.accordance with the sel ected scanning
descri bed d@%%%ﬁre Sh sﬁibgﬁﬁﬁgé the gantry 120 is nmechanical, it cannot
nove 15 instantaneously between two points. Thus, if the vel ocity of

the gantry g20 ifhSealedddldR¥AdiMRy k& cl1B8m 6, PhUetRepeHSIbrYSifigViI Ces
190, 195 to coIIectcggya al ong a scan line intersecting a feature of

i nt er est,

i $he FHRR
determining a Z coordinate for each of the at
least one X-Y coordinate location as a function of

the detection step.

9. The method of claim 1, wherein the light beam is
focussed on the object only at preselected X-Y
coordinates as a function of the position of a
preselected feature on the object.

10. The method of claim 1, wherein the changing step
includes the step of:
linearly changing the magnitude of the first
deflection angle at the first rate.

11. The method of claim 10, wherein the step of linearly
changing includes the step of:
linearly increasing the magnitude of the first
deflection angle at the first rate.

12. The method of claim 10, wherein the step of linearly
changing includes the step of:
linearly decreasing the magnitude of the first
deflection angle at the first rate.

13. The method of claim 10, wherein the step of linearly
changing includes the steps of:
linearly increasing the magnitude of the first
deflection angle at the first rate for a first time.
period; and

linearly decreasing the magnitude of the first

* c L M S *



move i nstantaneously to a position orthogonal to the next 20 feature

i nterest. Specifically, in connection with Figs. 8 and 10, one
woul d 1i ke wedsR¥E3t he gantry 120 i nstantaneously froma PCOBISPY92546

orthogonal to a scan line intersecting the end 25 of one ball (scan |ine

6) to the beginning of the next ball (scan line 11) since no data

col | ected bet ween the balls. Mechani cal devices, however, cannot nove

I nst ant aneousl y. 30 In one exenpl apg enbodi nent of the present

of

i's

invention, the optical system 110 optionally enploys a novel "I ook-
ahead/ | ook- behi aglt1serivh nghglpprarachet difract etei Aprogesecond Heimeat e at

whi ch portions of an obj ect may be inspected. Such an approach is
partlcu!arly_us%?ﬁ+ %hen collecting 35 data points 820 as descri bed
connection with Figs.8 and 10. That is, "l ook-ahead/| ook-behind"

scanning i §,. TRATHASARTdY Welim St edrtaerusEmbRi iy Stieen sty e it
16 desired to increase the velocity of a gantry 120 relative
the vel oci ®f:at whi ch photosensitive devices 190, 195 (and

correspondi ng pr ocessesderingnies de4Qeandonoapglerto a reset angle
after a predetermined interval of time.

15. The method of claim 1, wherein the emitting step
includes the step of:
pulsing the light from the light source.

16. The method of claim 1, wherein the focussed light
beam scans the object along the axis only if the axis
intersects at least one preselected feature of the

object.

17. A system for scanning an object, comprising:

a motion mechanism;

a light source for emitting a light beam, the
motion mechanism moving one of the light source and
the object at a pre-selected velocity in a first
direction;

a first deflector for sweeping the light beam
in a second direction, the second direction being
substantially orthogonal to the first direction;

a second deflector for deflecting the light
beam in a third direction at a deflection angle;

a processor controlling the second deflector,
the processor changing the deflection angle at a
determined rate, the determined rate determined as a
function of the preselected velocity; and

at least one lens for focussing the light beam
on the object, wherein the focussed light beam scans
the object at a plurality of X-Y coordinates along
an axis substantially orthogonal to the first

direction. - : e
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"150) can collect data for one scan line. 5 According to the exenplary

enbodi nent, a stepped control vol tage waveform (as a functji I me)

is applied twoe?w“gﬁ"”def lector (here, A O deflector 250) in &65‘.2‘?593):92&6

def | ect a source |l aser beam 230 selectively to positions ahead of 10

or behind a current gantry position (wth respect to the notion of the

gantry 120 along the X axis). This operates in a simlar fashion as the
scan correction di scussed above. ! Referring nowto Fig. 11, a

di agram of "I ook-behi nd" scanning_is Jllustrated.. The i cal _system
110 i s Fsi t K eﬁyﬁFFWoagnﬁi?§mm??h WRIR ﬁh?;%ﬁﬁékiégﬁieé%or However ,
t he second defdledesr anS@coutshoroptibcofefedtor. system (illustrated in Fig.
3) deflects the | aser beam 20 230 backward (with respect to the direction
of notion of the gantry 120) at a particular deflection angle [err].
Duri ng "1 ooRSbehThe" syshrmi A, chabheld ervhereit dhesagend defl/Eton on of

the vel ocitynefiubdle gankeyused-epediéh@eflecttevi ous |ocation of the beam
230. 25 Fig. 12 shows "Il ook-ahead" scanning. Here, while the second

defl ector 250 deflects the | aser beam ahead of the gantry 120 at a
particul ar @wngl e Ther slystBur bfigclaboki ahefult'ther cwgnnisigyg:angl e [err]

decreases as a fuyncti o] h oCLL Vs Q he
previ ous | ocati O%Qoile?fl%g %génﬁhg%ég%ﬁylél € 551%&%65%{%{% d;e[?)t%lc%g'gl i on of
"| ook- ahead/lighk- Hefhilggted fremabhe ngbisect |3tusl dieast pamegocfighe n this

exanpl e, th@laéa\le_lcgcbtfyxoﬁ EB88r@BhE s 128k hasr stidaged on the-
vel ocity at which the EEOtO senS|ttve devi ce ggnd process
light =

\ 0,., 295
el ect r oni cs TEEFEShd VEoRPEPEF 380§ %FFE&RQKﬁE;é%e detected

reflected from the object at each of the at least some of
the plurality of X-Y coordinates.

21. The system of claim 20, wherein the at least one
photo-sensitive detector generates each respective signal
as a function of a position that the deflected light

impinged the photo-sensitive detector.

22. The system of claim 20, further comprising:
process electronics for processing each respective
signal from the at least one photo-sensitive detector.

23. The system of claim 17, further comprising:

at least one photo-sensitive detector for detecting
light reflected from the object at a plurality of X-Y
coordinates as a function of a position of a feature on
the object.

24. The system of claim of claim 17, wherein the
focussed light beam scans the object along the axis only
if the axis intersects at least one preselected feature
of the object.

25. A method for scanning an object, comprising the -
steps of:

moving one of a light source and the object in

.



WO 99/ 40473 17 and process reflected

light. In particular, the velocity of the gantry 120 is set such that

when the opwaalsos73 system 110 is positioned m d-way betweecTruges/hzsas ur es
of interest (along the X-axis), here solder balls 840, the 5 scanning
system 110 has scanned one-half of a sol der ball. In this exanple, the
gantry noves along the X axis a distance of two scan lines in the tine
it takes the optical system 110 t@«ol |l ect data points 840 al ong one

scan line. 10 Assune that gantry 120 positions the optical system 110

directly above ki fér80dirdbeibngit sq@resl@eaiuivedscdty; |ight beam 230

along line 1301 at the, n %%%&]ﬁ%% AIETS kngoheckbhe data
points 820 (i.e., inggégg?égn%el Wt ?fﬁféﬁiﬁﬁ% ggggﬁiggugged above in
connection wth Ergeping Bhe t hight rhgamydm écsecopdodivgehiPRe opti cal

system 110 has ¢@BPLetefdsSgaRekibon Nee AP IRAPItANR IRQIM Srthogbiali ne 1301
and the first defleﬁ%0£,is rgset to begin scanning line 1302, the
veurat &t

gantry 120 (haviRg® Rt ant vel ocity) is positioned directly
above |ine 1303. d&theetihg tOpe i Cights ystaamins anchiodt Hogeationo t he

next set of target_ pgLp o long line 1302), the = second deflector
250 nust deflec? t egkaég?é %aﬁ%%éﬁl' backward (wth respect to the
notion of the gantryfeoyssing the light beam on the object at a

plurality of X-Y coordinates;

increasing the deflection angle at a determined
rate for a first predetermined time period, the
determined rate being determined as a function of
the preselected velocity; and

decreasing the deflection angle at the
determined rate for a second predetermined time
period.

26. The method of claim 25, wherein the increasing step
includes the step of linearly increasing the deflection
angle at the determined rate.

27. The method of claim 26, wherein the decreasing step
includes the step of linearly decreasing the deflection
angle at the determined rate. '

28. The method of claim 25, further comprising the step
of:
detecting at least some light reflected by the
object at at least some of the plurality of
respective X-Y coordinates.

29. The method of claim 28, wherein the detecting step
is performed as a function of a position of a preselected

feature on the object.

30. The method according to claim 28, further comprising

* [o L L4 S *

the step of:
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‘25 conpensate. for the change in angul ar direction. Accordi ngly, the
rocess electronics 150 applies a first control voltage to _the
Seflector 250 ARt ¢ he opti cal system can scan al ong | PREUS99P2546| |,
this enbodi nment, the first control voltage is proportional to the
necessary 30 deflection angle [err] (see Fig. 11). When t he opti cal
system 110 conpl etes scanning the points along line 1302, the gantry
120 i s positioned above |ine 1305, 4%hus a second control vol tage -

greater in 35 magnitude _than the fiyst contral voltage,(si t he
requi red defl ection aﬂﬁ?%r‘[‘%?ﬂgi% r%%‘f’féﬁ)nqt r l?%célp;ﬂfpﬁle to the
second defl ect or p26Pal bty ocopersspectiore ¥ meddrdinates as aWD 99/ 40473

18 change i rofli¢ tlégﬁ ; 6$?t scan line, i.e., l'ine
1302. This pr oceggﬁgg%{jﬁnﬁes 1E%%tdll éaﬁr{%%t e sol der ball 840 has been
scanned, and the gantry 120 has positioned the optical system 120 to

di r]gect ly abglye Ikirﬁe métﬂ&@gof claim T, Xﬂiéz‘é?Jn l%h‘étl@{ﬂg%%o}a@%ﬂ i:a,egijnts .
perform ng "l 0ook- ahead". scanni ng. contr VO je. is applie o] e
second def | E8FBPS%80°%0 ?la?b:ﬁfgt I?igg’r e fheEST oL b2

coordinates as a function of the position of a

preselected feature on the object.

32. The method of claim 25, further comprising the step
of: _
resetting the deflection angle to a reset angle
after a predetermined interval of time.

33. The method of claim 25, wherein the emitting step
includes the step of:
pulsing the light from the light source.

34. The method of claim 25, wherein the focussed light
beam scans the object along an axis that is substantially
orthogonal to the first direction.

35. The method of claim 25, wherein the focussed light
beam scans the object along the axis only if the axis
intersects at least one preselected feature on the
object.

36. The method of claim 25, further comprising the steps
of:

increasing the preselected velocity for a
predetermined time after an object feature is scanned.

37. A system for scanning an object, comprising:
a motion mechanism;
a light source for emitting a light beam, the
motion mechanism moving one of the light source and
the object at a pre-selected velocity;

AR



10 deflected to inpinge a point ahead of the gantry 120 (relative to
the direction of notion of the gantry 120). In the exanple of Fig. 13,
poi nts al ongvd 990478317 are scanned. At the tine that thecmarsesmeisieéyst em
110 conpl etes scanning points along line 1317, the gantry is 15
positioned at line 1310. A second control voltage is applied to the
second deflector 250 to conpensate for the change in angul ar direction
to the next scan line, i.e., l'ine 4g16. In this enbodi ment, the second
control voltage is smaller in magnitude that the first | ook-ahead 20

control voltage sinca Ehesepaéﬁaécﬁdﬁtfw&iéWéEpMng(tﬁﬁ'nght betifae t ar get
points. This procegsf§§?E Ques ?ntll t.he 1rst IS4 hal f .the sol der ball

845 has been scannéd A %%nt|$%9t e optlcaCtéfé eﬁﬁpg posi ti oned

above line s8bPtamhéadpyi cutheysnainihdimedgines Iddalechdbnnd 25
scanni ng agaln a Eégon&4défiéﬁ%6f“fﬁktdE%IﬁEﬂ%ﬂ@dtﬁﬁnﬁnghtV0|tage

wavef orm glle to the second defl ector 250_.in"this enbodi ment for
the "1 ook- aheadPPBBkiBefi FAtTd cdhFEGton Bici? deddess1o80APgdBonds to a
different scan |line. a phot8sSoLXedit ¥011ing Hhep skédRdcdefespesds to scan

line 1302, step 4 corresponds, to . scan, | 03 C. In
addition to "I o® aﬁ 3877 3k - bHERT ?ﬁﬁlﬁﬁx§§1 %gfﬁ %g an?é eﬁ%descrlbed I n
connection wit hdetgrmigedayate stor a ﬁmmmﬂe@pn@h@eygad | Ehes as descri bed

above in connechiPBrmined +4 & @t efhithed R & Funkheoh! besthative system
al so preselected velocity, the processor further
decreasing the deflection angle at the determined
rate for a second time period; and
at least one lens for focussing the light beam

on the object.

38. The system of claim 37, wherein the processor
linearly increases the deflection angle at the determined

rate.

39. The system of claim 38, wherein the processor
linearly decreases the deflection angle at the determined

rate.

40. The system of claim 37, wherein the first deflector
includes an acousto-optic deflector.

41. The system of claim 40, wherein the second deflector
includes an acousto-optic deflector.

42. The system of claim 37, further comprising:

at least one bhoto-sensitive detector for detecting
light deflected from the object at a plurality of X-Y
coordinates and for generating a respective signal as a
function of the detected light reflected from the object
at each of the plurality of X-Y coordinates.

43. The system of claim 42, wherein the at least one

TN O AR
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©19° applies to the second deflector 250 the correction control wave

formillustrated in Fig. 5 during "Il ook- behi nd" scannin

correction Mh¥¥F 7 have form illustrated in Fig. 7 duri ngcwﬁg%ézgﬁead"
scanning. As a 5 result, all of the scan lines are orthogonal to the
direction of notion of the gantry 120, i.e., each one of scan |ines
1301- 1304, 1314-1317 is parallel to the Y axis. Fig. 15 illustrates an
exenpl ary wave form applied to the2decond defl ector 250 for

"] ook- ahead/ | ook- behi.nd" 10 scanning with full correction. . O her
al ter nat i v@RARGESTRSHEVE IRRPFECEhEEPPERERE each TRSRATTHYE a9 ken
parti cul arlas shdwhanidndesca begivibh thatreherdafketvedxeigihtary

enbodi ments, thereof . it wll . ynd by those skilled in the art
t hat varicuﬁ?plng%§u5¥§é§mk%of%gﬁ%gﬁagaeﬁé?%geﬁﬁy be nmade therein wthout

departing fromthe spirit and scope of the invention.
44. The system of claim 43, further comprising:

process electronics for processing each respective
signal from the at least one photo-sensitive detector.

45, The system of claim 37, further comprising:

at least one photo-sensitive detector for detecting
light reflected from the object at a plurality of X-Y
coordinates as a function of a position of a feature on
the object.

46, The system of claim of claim 37, wherein the
focussed light beam scans the object along an axis
substantially orthogonal to the first direction.

47. The system of claim 37, wherein the focussed light
beam scans the object along the axis only if the axis
intersects at least one preselected feature .of the
object.

48. A method for scanning an object, comprising'the
steps of:
moving one of a light source and the object in
a first direction at a preselected velocity;
emitting a light beam from the light source;
simultaneous to the moving step, sweeping the
light beam in a second direction, the second
direction being substantially orthogonal to the
first direction, wherein the light beam is swept at
a first velocity during a first predetermined time
period, and is swept at a second velocity during a
second predetermined time period; and -
focussing the light beam on the object at a
plurality of X-Y coordinates. —_—
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20 WHAT IS CLAIMED IS 1. A nethod for scanning an object, conprising the-

steps of: nmoving one of a Iight source and the object in a
first direcwmsp/sag73a presel ected vel ocity; em tti rRCTAIS9P/LR6 beam
fromthe |ight source; sweeping the light beamin a second

di rection, the second direction being substantially orthogonal to
the first direction; deflecting the light beamin a third

di rection at a deflection angle; 28 focussing the |ight beam on
t he object; and changi ng the deflection angle at a determ ned

rate, the @8terBhAcEeElOd Pkifkpidetd niviegeds she firshndeternined he

presel ect eélmelgeﬂad adhe tfl@é?l&%ﬁﬂxd determihedbeamesgapibadatde object at a
plurality g coorgJ %Ees %Hgng an. %XIS S£Pst ntlaIIy or t hogona
to the fir FtaF?éﬁ??oﬂs a £h8853+28PaP FRAEPEF PR he third
direction theiobgedirecti on substantially opposite to the first direction.
3. The nmethod of claim1l, wherein the third direction is in a direction
substantially in the first direction. 4. The nethod of claim1l1, wherein

the sweepi Bf- st Bhe i Bethed qrfread adimdiBy aWBELSEY Rhehemhet Hew i SERti. 5.
The net hodpetfetméd duriiieraid filerdellbaetePlli f6@Ptie period and

the emitting step is not performed during the second
predetermined time period, and wherein a first magnitude
of the first velocity is less than a second magnitude of

the second velocity.

51. The method of claim 50, wherein the light beam scans
a preselected feature of the object during the first time

period.

52. The method of claim 48, further comprising the step
of detecting light reflected from the object at a subset
of the plurality of X-Y coordinates.

ATy
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' peFforned sinul taneously with the noving step. 6. The nethod of claim1,
further conprising the step of: detecting at | east '

refl ected byVWQPRM0473  opject at at | east sonme of the pl uraIiFéWEsgd’dﬁ‘nst
respective X-Y coordinates. WO 99/ 40473

21 7. The nethod of claim®6, wherein the detecting step is perforned as a
function of a position of a presel ected 4 re on the object. 8. The
met hod according to claim®6, further co |ng the step of:

determ ning a Z coordinate for eag:h gf the at | east one X-Y coordinate
| ocation as a function of ddt ecti on step. 9. The nethod of
claim1, wherein the Iigh? beam‘\ ocussed on the object only at

presel ect ed ¥ coordi natgs as of a presel est ed
Y
+ ‘ ]
Fig. 1
a C 130
) /
DO O O O
olieNoNeNe
y olicNoNeoNe
DO O OO
Do 0 0 O
5 ¢
v X }

Fig. 6
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10. The nethod of claim 1, wherein the changing step includes the step of: "’

linearly changi ng the magnitude of the first deflection angle at the
first rate. wodduosBhe nmet hod of claim 10, wherein the step HCI/NVSINE2M§
changi ng includes the step of: linearly increasing the magnitude
of the first deflection angle at the first rate. 12. The met hod of
claim 10, wherein the step of linearly 2. qung i ncl udes the step of:
|l inearly decreasing the nagnitude of th /? defl ection angle at the
first rate. 13. The method of claim 10, wherein the step of linearly
changi ng i ncludes the steps of: Iinearly i ncreasing the magnitude
of the first defl ection angl e, at f| rate for a first tine
period; and linearly dec‘ea5| gni tude of the first

240 control voltage Ag ﬁ ﬂ |

—
time

Fig. 4

lead |
a ¢ | _
250 control voltage W\l\l\] time
lag b d
Fig. S
A
250 control voltage | S
lead RN[\[\[\ _
b d time

Fig. 7
SUBSTITUTE SHEET (Rule 26)
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't 22° ~ deflection angle at the first rate for a second tine peri od.
14. The nmethod of claim 10, further conprising the step of: 546
resetting t WO %98P473ct i on angle to a reset angle after ap%ﬁlg%ggftoérm ned
interval of tine. 15. The method of claim1l, wherein the emtting step
i ncl udes the step of: pul sing the light fromthe |ight source.

16. The method of claim 1, wherein the E?éqsped | i ght beam scans the object
along the axis only if the axis intersects at |east one preselected feature
of the object. 17. A systemfor scanning an object, conprising:

a notion nmechani sm a light source for emtting a |ight beam the
noti on nmechani sm novi ng one of the |light source and the object at a
pre-selected velocity in a first di rection; a first
defl ector for sweeping the |ight beam in a second direction, the
second direction being 158ubstantially orthogonal to the fi 1550
direction; a secgnd deflector for deflecting the Iigﬂt

in athird direction at—e—deftecttomangl e;

PROCESS
ELECTRONICS
A

beam

e

Y
[ ] =
uP | [MEMORY] [STORAGE] — 140
] ] ]
141 142 143
160
{
OO0 o]

Fig. 2
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a processor controlling the second deflector, t he processor. changing

the deflection angle at a determ ned rate, the determned rate

det er mi ned @ odlqo473 function of the presel ected vel ocity; BEEUS99/02546 at
| east one lens for focussing the |ight beam on the object, wherein the
focussed |ight beam scans the object at a plurality of X-Y coordinates
al ong an axis substantially orthor%?za‘i3 to the first di rection.

23 . 18. The system of claim 17, wherei h 1fi rst deflector includes an
acoust o-optic deflector. 19. The system of claim 18, wherein the second
defl ector includes an acousto-optic deflector. 20. The systemof claim
17, further conprising: at | east one photo-sensitive detector for

detecting light deflected fromthe objegt—gt at | east some of the plurality
of X-Y coordinates and for generating a resla_e_cé‘l\éq signal as a function of
the detected light reflected fromthe oljj eqt a ch of the at |east sone
of the plurality of X-Y coordinat e3230_~

<::>/925

— 920

— 240

205 901

905
900::$><4——902
900—C_ _>— 903

290 295
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Fig. SA
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* 21" The system of claim 20, wherein the at |east one photo-sensitive

det ect or generates each respective signal as a function of gcggﬁb%]ﬁ%that

t he defl ectvwed9%/404%x i npi nged the phot o-sensitive detector. : e system
of claim 20, further conprising: process el ectronics for processing
each respective signal fromthe at |east one photo-sensitive detector.

23. The systemof claim17, furthe:y;qnfrising: at | east one

phot o-sensitive detector for detect¥dg 'llght reflected fromthe object at a
plurality of X-Y coordinates as a function of a position of a feature on

t he object. 24. The systemof claimof claim17, wherein the focussed
| i ght beam scans the object along the axis only if the axis intersects at
| east one presel ected feature of the gbjgct. 25. A nmethod for scanni.ng an
obj ect, conprising the - steps of: ____zﬁqjing one of a light source
and the object in
230 —
925
<Q 920
—240
e B oy

QOS\CL;r— 901

905
900>><—— 902

300

Fig. 3B
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24 a first direction at a presel ected velocity; emtting a’
| i ght beam fromthe Iight source; sweeping the light beamin a
second di r egfd $M0473 t he second direction being substanti #dTywsssnisdgonal
to the first direction; deflecting the light beamin a third .
direction at a deflection angle; focussing the |ight beam on
the object at a plurality of X-Y ﬁso ?i at es; i ncreasing the
defl ection angle at a determ ned r Vé flor a first predeterm ned tine
period, the determ ned rate being determ ned as a function of t he
presel ected velocity; and decreasing the deflection angle at the
determ ned rate for a second predetermned tine peri od. 26. The

met hod of claim 25, wherein the increasing step includes the step of
linearly increasing the deflection angle at the determ ned rate. 27. The
met hod of claim 26, wherein the decreasing_step includes the step of

| i nearly decreasing the deflection angle'b5Clhe determ ned rate. 28. The
nmet hod of claim?25, further co riskfg t he st? of : detecting at

| east some |ight reflected by2t €4 12 1314 15
12 1INy

ra

820
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‘ object at at least some of the plurality of respective X-Y
coor di nat es. 29. The nmethod of claim 28, wherein the det ecl;‘i:,lt)gs@;o JIPIIS
performed aWOPIHBt i on of a position of a preselected feature on the

obj ect. 30. The nethod according to claim28, further conprising the step
of : WD 99/ 40473 25

determ ning a Z coordinate for each of ?n/!‘]‘] plurality of respective X-Y
coordi nates as a function of the det'ecting step. 31. The nethod of

claim25, wherein the light beamis focussed on the object only at
presel ected X-Y coordinates as a function of the position of a presel ected

feature on the object. 32. The nethod of claim25, further conprising the
step of: resetting the deflection angle to a reset angle
1 3 5 7 9 1 13 1415 )
2 4 4 6 8 10 '\ 12 14 16 / 130
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after a predetermned interval of tine. 33. The nethod of claim 25,
wherein the emtting step includes the step of: pul sing the |ight
fromthe |iwbt9saensce. 34. The nethod of claim25, wherei RCFASIF BE4ssed

| i ght beam scans the object along an axis that is substantially orthogonal
to the first direction. 35. The nethod of claim?25, wherein the focussed
| i ght beam scans the object along the zﬁlqnly If the axis intersects at

| east one presel ected feature on the o§$ ct. 36. The nethod of claim 25,
further conprising the steps of: i ncreasing the presel ected velocity
for a predetermned tinme after an object feature is scanned. 37. A system
for scanning an object, conprising: a notion nmechani sm a
| ight source for emtting a |ight beam the not i on nechani sm novi ng one
of the lIight source and the object at a pre-selected velocity; |
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WD 99/ 40473 26 a first deflector

for sweeping the |ight beam ina first direction, the fj I tion
bei ng gﬁb%"{"aﬂ?i ally orthogonal to the first direction; i)(l':'ISI£IS§}II‘)5§‘{I\”a
second deflector for deflecting the Iight beamin a third direction at
a deflection angle; a processor controlling the second defl ector,
the processor increasing the deflection dt at a determ ned rate for
a first tine period, the determ ned‘rate determ ned as a function of

t he presel ected vel oci t W e ref Ei decreasing the
defl ection angle at the det ep me QZ?eGANT econd tine period; and
at |l east one lens for focussing-the—+ght—bearm— on the object. 38. The
system of claim 37, wherein the processor linearly increases the deflection
angle at the determ ned rate. 39. (e 3ystem of claim 38, wherein the
processor linearly decreases the deflfcti oH/a_ngL? t the determ ned rate.
40. The system of claim 37, wherein the finst defl®ctor includes an

acoust o-optic deflector.
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41. The system of claim 40, wherein the second deflector includes an

acousto-optic deflector. 42. The systemof claim 37, further conprising:

at | east onggdempgrssensitive detector for detecting |ight dekdrasegoesié om

the object at a plurality of X-Y coordinates and for generating a

respective signal as a function of the detected light reflected fromthe

obj ect at each of the plurality of X-Y coojdinates. 43. The system of

claim42, wherein the at |east one 10 do/ 40473

27 photo-sensitive detector generates each respective signal as a function

of a position that the deflected |ight inpinged the photo-sensitive

det ect or. 44. The system of claim 43, further conprising: process

el ectronics for processing each respective gzgnal 1T31<3nt|1|?15t | east one
urth

phot o- sensi tive fetector. 45. The sysﬁglirbo 1(:3132 3{4 13166r 130

conpri si ng: 1309 517 \
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at | east one photo-sensitive detector for detecting light reflected from

t he obj ect ality of X-Y coordinates as a function of a position of
a feature oﬁ‘kf)%g’%)‘%fect. 46. The system of claimof claim PET B the
focussed |ight beam scans the object along an axis substantially orthogonal
to the first direction. 47. The system of, claim 37, wherein the focussed
| i ght beam scans the object al ong the aii‘]s/o‘hﬂy if the axis intersects at

| east one presel ected feature of the object. 48. A nethod for scanning an
obj ect, conprising the steps of:1417 movi ng one of a |ight source and
the object in a firsf direction at resel ected vel ocity;

emtting a light beamfrdmthe |ight soprge; si mul taneous to the
novi ng step, sweeping th | i ght bepmjin a second direction, the second
di rection being substantjally orthogonal {o t!q_'\‘lg first direction,
wherein the |igiCopdepli s swept at T st locity during a first
predeterm ned tine eriod, and is pwept at a second velocity during a
second predeterrVOkdlge peri od; and focussing the |ight beam on
the object at a plurality of X-Y cpord nate|s415
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(54) Title: SYSTEM AND METHOD FOR SELECTIVE SCANNING OF AN OBJECT OR PATTERN INCLUDING SCAN CORREC-

TION
(57) Abstract

A system and method for correcting a scan
pattern of a moving optical scanning system (110)
that scans an object or pattern (130). A gantry (120)
moves the optical system at a constant rate in a first
direction. Using a light source and a first deflector,
the scanning system quickly sweeps a light beam in
a direction orthogonal to the motion of the gantry
(120) by changing the angle of deflection of the first
deflector linearly with time. To compensate for the
gantry motion, the optical system includes a second
deflector that deflects the light at a deflection angle
determined as a function of the velocity of the gantry.
The defiected light is focused on the object or pattern.
Accordingly, the object or pattern is scanned along a
corrected scan line orthogonal to first direction, The
optical scanning system may also perform "selected"”
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