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| NSPECTION Field of the Invention [ooot7 The present invention rel ates

gener al | ywo @o08/o3gsespecti on systemthat perforns three gpiRassdnedsof 3-D)
and two dinensional (2-D) criteria analysis. More specifically, the 3-D

and 2-D criteria analysis is used to perform inspection of integrated
circuit (1C devices. Background of the Invention [ 0002] There is a need in
t he manufacturing of |1C devices for inspection of electronic conponents

such as | eads an | s _of 1 CO r ck . Several systens
are avail abl e fo%ﬁtgﬁfgﬂé%%\ﬁé%ﬁ mgﬁﬁtﬂﬁ%ﬁ%&gﬁ conduct or
packages. [0003] U. S. Pat. No. 5,956,134 discloses a |lead inspection system

that is operable to nake both 2-D and 3-D neasurenents of sem conduct or
packages while there are rel alFipi@ oftheiRBhtidiet ween the | ead i nspection
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refl ected oimspeslion ofdaiegrated cinelit@n) devicesst or package to a second opti cal

sensor, e.g. another CCD canera, wherein a 3-D inage is generated. The CPU
conpares the 3- Dimge with the predeterm ned or cal cul ated positional

rel ati onshi ps of the Ieads?é&ggéﬁ,ﬂ?bfgﬁg Wsrgbgnarity of the lead tips, or
I ncl udes

| ack thereof. This system al so a sensor |ocated such that the

sem conduct or pagkage.is centered in
[ooogl %her% is a need in tﬁe mann%acturing of IC devices for inspection of

electronic components such as leads and solder balls of semiconductor
packages. Several systems are available for separate 2-D and 3-D
inspection of semiconductor packages.

[0003] U.S. Pat. No. 5,956,134 discloses a lead inspection system that is
operable to make both 2-D and 3-D measurements of semiconductor
packages while there are relative movement between the lead inspection
system and the semiconductor packages. This system includes a first optical
sensor, e.g. a CCD camera, oriented to capture a 2-D image of a
semiconductor device package and compare the image with a predetermined
2-D image stored in a cenfral processing unit (CPU). “A high intensity fight
source, such as a laser, generates a plane of light which is reflected off the
leads of the semiconductor package to a second optical sensor, e.g. another
CCD camera, wherein a 3-D image is generated. The CPU compares the 3-
D image with the predetermined or calculated positional relationships of the
leads to establish co-planarity of the lead tips, or lack thereof. This system also
includes a sensor located such that the semiconductor package is centered in a
field of view of the cameras to capiure the respective iméges. The
disadvantages of ‘134’ are that it has different centers in field of view for 2-D
and 3-D respectively, and requires a separate mechanism to pick up and
orientate the targeted device before inspection can be performed.

[0004] U.S. Pat. No. 6,118,540 discloses an inspection system for
automatically inspecting 2-D and 3-D criteria of packaged semiconductor




field of view of the canmeras to capture the respective inmages. The
di sadvantages of '134' are that it has different centers in field of view

for 2-D wvemdoodroBissespectively, and requires a separate peckamosnedser pi ck up
and orientate the targeted device before inspection can be perforned.
[0004] U.S. Pat. No. 6,118,540 di scl ies an inspection systemfor
automatically inspecting 2-D and 3- riteria of packaged sem conduct or WD
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obj ect. The oflthesingpestionlsysend it ases oglyaseasdmheral s  used to predeterm ne
areas containing 3-D features of interest and to direct the 3-D scanning
assenbly. The 2-D scanni ng assenbly |ncI udes a line canmera or an area

array caner gogbgf @SDPEPNH"M?@%G nib &?ﬁéfn {rf uillizBs both
illum nation, UStICOtlca I’ an &gltlon sensitive
device (PSBy c@ldg% Scanfifg; asseril s, s '&% ﬁ?ﬁf‘@ﬁg a58e B’eﬁ%ﬁ‘%"@'\soaset up.
10006] Ther eeleetatl rsgion e disjectan The 2 fioah tiky 2tBrecahaihg igsseaibly iivel y
sinpl e, used to predetermine areas containing 3-D features of interest and to direct the

3-D scanning assembly. The 2-D scanning assembly includes a line camera or

an area array camera. The 3-D scanning assembly includes a laser for 3-D

ilumination, an acoustic optical (AQ) deflector and a position sensitive device

(PSD) detector. This system is complicated and expensive to set up.

[0006] There remains a need for an inspection system that is relatively simple,
compact and inexpensive to set up while improving the speed of 3D
inspection.



conpact and i nexpensive to set up while inproving the speed of 3D
i nspection. WD 2006/ 038885 PCT/ SG005/000301 3 Summary of the Invention

100071 TReo PoogSeREs i nvention is directed to an inspecti parR¥StoSHbdshat
conbines 2-D inspection and 3-D i nspection of the conponents of an

el ectronic device into one conpact rgodul e. The inspection systemof the
present invention conprises, a 2-D image acquisition assenbly for

i nspecting 2-13 criteria of the conponents, a 3-D inmage acquisition
assenbly for inspecting 3-D criteria of the conponents, and a processing
unit connected to the 2-D inage acquisition assenbly and the 3-D I mage
acqui sition assembly for anaﬁ%ﬂﬁ@’@iﬂi\ein@m the 3-D i nages. The 3-D

i mge acquisition assenbly conprises a 3-D inmage sensor and a 3-D |ight
source. The 3-D light source is preferably a | aser capable of generating a
pl anar sheet of light that is substantially perpendicular to the plane of
the electronic device. The 2-D inage acquisition assenbly conprises a 2-D
sensor and EDOB?]D'I'Rbghesem“nveatlmi dirembextitcediwinspettonsyistbon thatmmtﬁnes and 3-D
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the 3-D images. The 3-D image acquisition assembly comprises a 3-D image
sensor and a 3-D light source. The 3-D light source is preferably a laser
capable of generating a planar sheet of light that is substantially perpendicular
to the plane of the electronic device. The 2-D image acquisition assembly
comprises a 2-D sensor and a 2-D light source positioned above the holder.
The 2-D and 3-D image acquisition assemblies are arranged so that the 2-D
inspection and 3-D inspection can be done while the electronic device is being
held in one location.

[ooo8] The present invention combines 2-D and 3-D inspection function into
one module with a beam splitter. 2-D and 3-D systems are aligned so that
they have the same center in field of view. Different cameras are utilized
because of different requirements and selection criteria. The 2-D camera is a
normal camera, typically is a CCD camera. It concentrates on 2-D feature
inspection such as the location and dimension of balllead and defects on the
device surface etc. The 3-D camera is a high speed CMOS sensor camera
with programmable window size working together with a high-speed data
process hardware unit.



device surface etc. The 3-D canera is a high speed CMOS sensor canera wth
programmabl e wi ndow si ze working together with a high-speed data process
har dwar ew@giobe/ 03862006/ 038885 PCT/ SG2005/ 000301 4 Bri epciecHmos/pdosean of t he
Drawi ngs [ 0009] The advantages and novel features of the present Invention
will become apparent fromthe foll 0\# ng detail ed description of exenplary
enbodi nents taken in conjunction withf the attached drawi ngs. [0070] FIG 1
shows a schematic bl ock diagramrepresenting the basic arrangenent of the
i nspection system according to the preferred enbodi nent of the present
invention. [0077] FIG 2 shows a configuration of the 3-D inmage acquisition
assenbly according to thBrlprewmena%ﬂmeﬂg%f t he present invention.
[0012] FIG 3 illustrates a 3-D data analysis. [0073] FIG 4 shows a front

Shows héhggkﬁeéi?ﬁ%‘ SNANAOET i, el BafRls e blgten: Lfijolon i o
FIG 6 showeeeemel @ppamnty &oro e gfoﬁ@wmn detailedhdescriptioneefe exefpiant i on
assembly, igm hmﬂg&%gegnﬁoérg&mi&ihw&eﬁed&%@sﬁG 7 shows anot her

configuration tor t mage acquisition asse hat is catered for
hei ght and space Iimtations. [0017] FIG 8 shows a top view of a ball grid

array (BGA) i and 3-D_ | f aser._lin L QW Of . der
bal | s. [001@?$%I E?GQ[?S ﬁﬁﬂ)ﬁsaad?%%%@gé’%gkn@?ﬂ'%’t f?@?%?&"@ﬁnﬁg‘? gE%K'ﬁdow
si ze arrangement of the inspection system according to the preferred embodiment

of the present invention.

[0011] FIG. 2 shows a configuration of the 3-D image acquisition assembly
according to the preferred embodiment of the present invention.

[0012] FIG. 3 illustrates a 3-D data analysis.

[0013] FIG. 4 shows a front view of the inspection system of the present
invention.

[0014] FIG. 5 shows the optics to combine 2-D image system with 3-D
lighting.

[0015] FIG. 6 shows an alternative configuration for the 3-D image acquisition
assembly, in which only one 3-D camera is used.

[0016] FIG. 7 shows another configuration for the 3-D image acquisition
assembly that is catered for height and space limitations.

[0017] FIG. 8 shows a top view of a ball grid array (BGA) device and a 3-D
image of a laser line on a row of solder balls.

[0018} FIG. 9 shows a CMOS image sensor with programmable window size
for use in the inspection system to increase the frame rate of image.




for use in the inspection systemto increase the frane rate of imge. WO
2006/ 038885 PCT/ SG2005/000301 5 Detailed description of the enbodi nents

100191 Fhip 2docobsees @ schematic bl ock di agram represent ippgsiheusRessos
arrangenment of the inspection systemaccording to the preferred enbodi nent

of the present Invention. The inspection system of the present invention
conpri ses four basic conponents: a 2-D i mage acqui sition assenbly 101,
which includes a 2-D light source 102 and a 2-D sensor 103; a 3-D i mage
acqui sition assenbly 104, which includes a 3-D |ight source 105 and one or
two 3-D sensor 106; a host programmabl e conputer (PC) 108; and a high
speed i mage processor 1Deglailgt degetiptiarngditthe@mipediments | | umi nat es an

el ectronic device to be inspected, e.g. an |IC package. The 2-D i mage of the
conmponents of the electronic device is then captured by the 2-D sensor 102.
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with referenspedd imagdepricssssd 107PeCTHd @abi qght sd@ed0loF! flumhatdovm t he

configurati Oerie&Poﬁig%e%e t ggqgspae%i’ed Sé E;' an lésﬁaecﬁggg The 2-D image of the
components of the electronic device is then captured by the 2-D sensor 102.
The 2-D image is sent to host 108 for performing 2 dimensional images
processing tasks. At the same time, the 3D light source 105 is activated to
illuminate the device while it is being held in the same location. The 3-D image
of the components is captured by the 3-D sensor 106. The raw image from
the sensor 106 is sent to the high-speed image processor 107 for reformaiting
the image data and extracting the laser centerline in real time. The extracted
laser line by the image processor 107 is feiched by the host 108 to calculate
the 3-D parameters such as, sold ball height, co-planarity and warpage efc.
The host 108 computes the 2-D and 3-D inspection results to determine
whether to reject or accept the device with reference to predetermined
specifications.

[0020] FIG. 2 shows the configuration of the 3-D image acquisition assembly
104 according to the preferred embodiment of the present invention. The
details of the 2-D image acquisition assembly 101 is omitted in FIG. 2 and will
be described subsequently with reference to FIGS. 4 and 5. Referring to FIG.
2, an electronic device 201 is positioned in an inspection plane 205 and is
supported by a conventional holder (not shown). The device 201 contains
components 202 to be inspected, e.g. solder ball lead (only one solder ball is
shown herein). During inspection, the device 201 and 8-D sensor constructed
by comprise of camera 106, 106’ and laser 105 have to move refatively. Fig.2
only shows the device moving along direction X. Another possibility is the 3-
D sensor is moving while the device is standstil. A 3-D camera 106 is



104 according to the preferred enbodi nent of the present invention. The
details of the 2-D inmage acquisition assenbly 101 is omtted in FIG 2 and

will  bewdesesilsgss subsequently with reference to Fl GS. pdr/geeishoSeooBef erring
to FIG 2, an electronic device 201 is positioned in an inspection plane

205 and is supported by a conventional holder (not shown). The device 201
contains conponents 202 to be inspeted, e.g. solder ball lead (only one
sol der ball is shown herein). During inspection, the device 201 and 3-D
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201 i's i mBOfe fMaBHPRERection light from the surface of device 201 is imaged through

lens 402 and 402’ and received by 3-D cameras 106 and 106’. The 3-D

cameras 106 and 106’ are operable to convert the distortion of the deformed

laser line 203 into digital image.

FIG. 3 illustrates how the ball height is calculated from the deformed laser line
203. The solder ball 202 is viewed by lens 402 at an oblique angle B and is
imaged on the inspection plane 205, assuming that the solder ball 202 is within
the depth of focus of the camera 106. The solder ball has a top point C, a
bottom point A and a height H, which is equal to the distance between the top
point C and the inspection plane 205. When the sheet of light 204 hits the
solder ball 202, the straight laser line 203become deformed. The relationship

between the distorion A'C' of the laser line and the distance H can be
determined as follows:

L &
Md

Where M is the magnification of the lens, L is the distance between the optical
center of lens 402 and the inspection plane 205, and d is the distance
between the optical center of lens 402 and the sheet of light 204. L and d are
system parameters that have to be calibrated. The above relation is based
on the assumption that L >>H so that H is negligible relative to L. The




| ens 402 and 402' and received by 3-D caneras 106 and 106'. The 3-D
caneras 106 and 106' are operable to convert the distortion of the deforned

| aser |i o Zdedosdasd digital image. FIG 3 illustrates hegrktsooaddsonei ght
is calculated fromthe deforned laser line 203. The solder ball 202 is

viewed by lens 402 at an oblique angle B and is inaged on the inspection
pl ane 205, assum ng that the sol der bdll 202 is within the depth of focus
of the camera 106. The solder ball has a top point C, a bottompoint A and
a hei ght H, didtotioni 8’ aml bé cobitainedi o aine dmagingeplanthef rvmagei sens6r.and t he
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the distortidd.A C of the laser line and the distance H can be detern ned
as follows: H= L.AC M Were Mis the magnification of the lens, L is
t he di stance between the optical center of |lens 402 and the inspection

pl gnthOSh q«tnm FlG. tzitﬂegngét@mmh viesil Vistemet ht é&ttohcgysttéﬁnberu?l@z présarit :102b
an e sheet O an stem neters a ve 0 De
ol brat od. TyedtigovEhe SPMiutRCobHRLAD fidde BoaRNp ptsmbR At B O
that His negimeradlo6aeidat06’ & aodescribed ORI 26/ AS8BAHN PFICE@AS20D0301 7
di stortion a " sor.
Simlar cal éh ﬁ&(ﬁ.@(ﬁbﬁ@%ﬁi@h@bu gd%[}bo\% tﬂe”@&ng% 2@(} cli:eellgn@rﬁgge%? ﬁ@“ d I ens
402' . [ 002150808 lagersHimsand ardybx OptlwAaﬂ i rmovmgefqndwemtmmewcehe
\FI’MT teaet”fm | NRRabb Yhd JikdIing the FHEGiakion of thié @D%bddi@l% AS<EMIBY WD 3apsendl y
acquisition assembly. The 2-D light source may be a ring-shaped light emitting
diode (LED) array.

[0022] Referring to FIG. 5, the 2-D sensor 103 is a camera provided with a
lens 403. The 2-D sensor 103 may be a normal speed 2-D camera such as a
charge coupled device (CCD) or a CMOS-based camera. The 2-D optics
401 includes a beam spilitter 501 with transmission against reflect ratio of 50:50
and a mirror 502 for changing the direction of the optics. As shown in FIG. 5,
the laser 105 and the 2-D light source 102 are co-axially aligned. In 2-D
operation, the 2-D light source 102 illuminates the device. The filed of view
(shown by the dash line 206) must be designed to cover the biggest device
to be inspected.

foo23] Referring again to FIG 5, it should be noted that the 2-D inspection
acquisition assembly 101 and the 3-D inspection acquisition assembly 103
can work independently from each other. It follows that the 2-D optics 401 and
2-D imaging sensor (103 and 403) may be removed when only the 3-D
inspection acquisition assembly is required.

[0024] FIG. 6 shows an alternative configuration for the 3-D image acquisition
assembly 104. In this embodiment, only one camera 106 is provided.

[0025] FIG. 7 shows another embodiment that is catered for height and space
limitations. In this embodiment, mirrors are used to fold the optical path fo
reduce the physical height to cater for the situation of limited height. A pair of



caneras 106 and 106" is as described for FIG 2. As showmn in FIG 4, the
2-D light source 102 is nounted above the device 201, but below the 3-D

light seussmebsesy 105, and a 2-D optics 401 is provi dedr/kQroosioosdit i ng t he
device image and enabling the integration of this 2-D acquisition assenbly

with 3-D acquisition assenbly. The 2-D light source may be a ring-shaped
light emtting diode (LED) array. [0022] Referring to FIG 5, the 2-D

sensor 103 is a canera provided wth |.ens 403. The, 2-D sensor 103 may be
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2006/ 038885baideadeasoiswed By the 3-D camera 106 is shown in FIG. 8 as image 303.

The 3-D image acquisition assembly 104 continues to capture images at the
interval distance between movements; a series of images similar to 303 are
formed and processed to exiract the profile of the balls and thus enable the
system to compute the height of the balls.

[0027] FIG. 9 shows a CMOS image sensor with a programmable window
size. The image frames rate can be higher when it works with smaller sensor
area. The system algorithm allows the smaller window area of interest within the
image sensor window size for measuring height and increasing the inspection
profiling speed. The frame rate can reach as high as 500 frames per second at
full resolution of 1280(Horizontal) by 1024(Vertical) — a rate that CCD camera
cannot achieve. The programmable window’s size feature allows it run even
faster at small windows. An inspection speed of 6400 profiles per second can
be achieved in our invention when 80 rows of sensor area are used.

[0028] Based on the arrangement of the present invention, the 2-D inspection
and 3-D inspection can be done while the device 201 is held in the same
location along the X direction. Furthermore, the 2-D and 3-D image acquisition
assemblies are operable independently of each other. This means that the 2-
D image acquisition assembly is not activated when only 3-D inspection
capability is required.

[0029] It will be appreciated that although several preferred embodiment have
been described in detalil, various other modifications and improvements can




8 mrrors 403 and 404 is provided for directing the reflected Iight from
the device 201 onto the canera 106. Another pair of mnors 403 and 404’
are provigdseshosbssesydi recting reflected Iight fromthe depg¢gecRdiomdso the
106" . [0026] FIG 8 shows a typical ball grid array (BGA) device conprising
a planar substrate 301 and an array of solder ball |eads 302. Only a
representative nunber of |eads are own for the sake of clarity. The

sol der balls am reflowed onto pads (not _shown), which are connected to
conduct or s @eramwacuars@@skmed instherasbwitheut, demétrng rapdbeissgre il 1B der
bal | | eads, préseririventiohei r proper positions with respect to each other
and to the substrate. It is also inportant to verify the presence of al

| eads and the co-planarity of the |leads. Wen the 3-D |ight source 105
illum nates the BGA device, the row of solder ball |eads as viewed by the
3-D canera 106 is shown in FIG 8 as image 303. The 3-D inmage acquisition
assenbly 104 continues to capture inmages at the interval distance between
novenents; a series of images simlar to 303 are fornmed and processed to
extract the profile of the balls and thus enable the systemto conpute the
hei ght of the balls. [0027) FIG 9 shows a CMOS i nage sensor with a
programmabl e wi ndow size. The imge franes rate can be higher when it
works with smal |l er sensor area. The systemalgorithmallows the snaller

wi ndow area of interest within the inage sensor w ndow size for measuring
hei ght and increasing the inspection profiling speed. The frame rate can
reach as high as 500 frames per second at full resolution of

1280(Hori zontal) by 1024(Vertical) - a rate that CCD canera cannot

achi eve. The programuable w ndow s size feature allows it run even faster
at small w ndows. An inspection speed of 6400 profiles per second can be
achieved in our invention when 80 rows of sensor area are used.



100281 Based on the arrangenent of the present invention, the 2-D

i nspection and 3-D inspection can be done while the device 201 is held In
the sane |ocation along the X direction. Furthernore, the 2-D and 3-D

i mage acqui sition assenblies are operabl e independently of each other.
This nmeans that the 2- D inmage acquisitdon assenbly is not activated when
only 3-D inspection capability.is required. 10029) It wll be appreciated
t hat al t hough several preferred enbodi mrent have been described in detal
various other nodifications and inpr& enents can WD 2006/ 038885

PCT/ S&005/ 000301 9 be nade by a pe Sskilled in the art without
“departing fromthe scope of the present invention. 10 Caims 1. An

i nspection system for inspecting an el ectronic device, said system

conpri si na.‘ ngspeet '%E)ﬁ taE) ot iaspestingnan efkoiroois deviem saidsgsteon pl ane:
a 2-di nengompaking?- D) inspection assenbly conprising: a first |ight source
for illumnating the electronic device, wherein the first |ight source is
di sposed at a Pleaasferhaidisg anealettronibdendced imean ingeetion plang] ane; a first

opti cal dewcec t the li reflected fromthe
| eloect roni c devi ngéﬂ ﬁ%g O%g {?OD f"ﬁhﬁﬁ?m%ﬁ Wr{s}"ﬂst light source,
Wherein the fir st opti ca fiestilight IsSudjeSﬂﬁSgﬂg}niﬁh{'ﬁ? thé el Bedc evel
above the first q&ﬁ rS(?nughce1r ?Pdh first sensor for capturing the 2-D
i mage of the el ect rSpFE € Tirst light source is disposed at a predetermined level
. above the inspection plane; : '

a first optical device conf igured to reflect the light reﬂected
from the electromc dewce due to the illumination of the fi rst hght
_source, wherein the first optlcal device is disposed at a
predetermined level above the first light source; and |
a first sensor for captunng the 2—D image of the electronic
device by obtaining the light reflected from the first optical device,
wherem the first sensor is disposed at a predetermined level above
the mspectlon plane; and
a 3-dimensional (3-D) inspection assembly comprising: A
a second light source capable of generating a sheet of light
onto the electronic device, wherein the second light source is
disposed above the first optical device that allowsfhe sheet of light
" to be transmitted to the electronic device, wherein the second light
source is. oriented so that the sheet of light is substant:al!y, |
perpendxcular to the mspectlon plane and :
at least one second sensor for-.capturing a 3-D profile of the
electronic device by obtaining the sheet of light reflected from the
~ electronic device, wherein the second sensor is disposed at a
predetermlned level above the inspection plane; |
wherem ‘the 2-D inspection assembly and the 3-D mspectxon assembly
- can be operated smultaneously '




devi.ce by obtaining the light reflected fromthe first optical device,
‘wherein the first sensor is disposed at a predeterm ned | evel above the

I nspection plane; and a 3-di mensional (3-D) inspection assenbly conpri sing:
a second |ight source capable of generating a sheet of light onto the

el ectroni c device, wherein the second |jght source is disposed above the
first optical device that allows the sheet of light to be transmtted to
the el ectronic_device, wherein the second light source is oriented so that
"the sheet df |ilgstinsEedignssystematl glaim dembersn the 2D frespebiiori asgEaeily on

| ane; an ' . ] r for capturing.a 3-D ofile of the -
Bl ooty oni dufther ERRrisRR% SECARCORRRT Bl ooffinghio TaebetheBh P romibne
el ect r oni dirsteptical, demverteithe first seasand sensor is disposed at a :

predeterm ned | evel above the inspection plane; wherein the 2-D inspection
assenbly and the 3-D inspection assenbly can be operated sinultaneously.

11 2 The.i nsfaelinpotivd sl oftiant™ LundfR Gk MrdtMptigaldey RRRGRAHY
assenbl y furt-hei'r conpri ses a second optical device configured to reflect
the |ight beaghsrlier. i r st optical device to the first sensor. 3. The

i nspection systemof claim1l, wherein the first optical device can be a
beamsplitter._4. The inspection systemof claim2, wherein the second
optical dévi ceTbainspsstian systeor of Blairie vihesgir thid secaisépticablievideatan 1,

- wherein tha 35k dnspection assembly conprises two second sensors di sposed
at a predeterm ned.l evel above the - L : :

5.  The inspection system of .él_aim 1, wherein the 3-D inspection assembly
comprises two second sensors disposed at a predetermined level above the
inspection plane, wherein_ the two second sensors are symmetrically arranged
with the sheet of light in the middle of both second sensors. -

6. The inspection system of ciéim 1, wherein the at least one second sensor
is oriented at an acute angle relative to the inspection plane. |

7. * The inspection system of claim 5, wherein the two second sensors are
oriented at an acute-angle relative to the inspection plane.

-8 | The inspection system of claim 1, wherein the at At‘ea'st one second sensor.
i comprises a CCD camera or.a CMOS camera. - | -

9. The inspection '.system' of claim 5, wherein the each of the two second
~sensors comprises a CCD camera or a CMOS camera.

v10. , Thé_, inspection system of claim -1, wherein the first sensor comprises a -
: CCD camera or a CMOS camera. . |

11.  The inspection system of claim 1, wherein the first light source comprises
‘aring-shaped LED array. | '




i nspection plane, wherein the two second sensors are symetrically arranged
with the sheet of light in the mddle of both second sensors. 6. The
i nspection systemof claiml, wherein the at | east one second sensor s
oriented at an acute angle relative to the inspection plane. 7. The
i nspection systemof claim5, wherein tthe two second sensors are oriented
-at an acute. angle relative to the inspection plane. 8. The inspection
system of claim1l, wherein the at | east one second sensor conprises a CCD
canera or a CMOS canera. 9. The inspection.systemof claimb5, wherein the
each_of e WOrHEREPECticHEAER GOBRIh S ibrGih 31 iibpRbrich EMIaRT! 2
10. The inspection systemof cl.aim 1, wherein the f1 1St Sensor conbrises a
CCD caner aaitthg abigast eaeseeaond light Boerdenapamikiolly aligseém of claim 1, wherein
the first light source conprises a ring-shaped LED array. 12 . 12. The
i nspection systemof claim1l1l, wherein the 2-D inspection assenbly and ‘the
at .| east one second |ight source are coaxially aligned.




