1 SYSTEM FOR 2-D AND 3-D VI SION | NSPECTION Field of the Invention [0001]
The present invention relates generally to an inspection systemthat
perfornms three dinmensional (3-D) and two dinensional (2-D) criteria

anal ysis. Mre specifically, the 3-D and 2-D criteria analysis is used to
perform inspection of integrated circuit (1C) devices. Background of the

I nvention [0002] There is a need in the manufacturing of |C devices for

i nspection of electronic conponents such as | eads and sol der balls of

sem conduct or packQYSTEMs a2-D5 WNR i3-Da VISION i INSRECTONs epar at e 2-D and
3-D inspection of sem conductor packages. [0003] U S. Pat. No. 5,956,134
di scl oses a lead inspection systemthat is operable to nake both 2-D and

3-D neasurements of sem conduct Qfig|qRATHEABESHIMA | © there are relative
novenent between the | ead inspection system and the sem conductor
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gener ates a plirspectién of igteigratbd chcuit(ICefidviedsed of f the |eads of the

sem conduct or package to a second optical sensor, e.g. another CCD canera,
wherein a 3-D inage is generated. The CPU conpares the 3- Dinage with the

predeterm ned or cal cul ated pﬁ%@%gﬁ'ﬂp@{tﬁ%?’%"lﬁﬁﬁ%}l ps of the leads to

establish co-planarity of the thereof. This system al so
includes a sensor |ocated such that the sem conductor package is centered
in a [0002] There is a need in the manufacturing 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 central processing unit (CPU). A high intensity light
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 capture the respective images. 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 sadvant ages of "134' are that it has different centers in field of view

for 2-D and 3-D respectively, and requires a separate nmechanismto pick up

and orientate the targeted device before inspection can be performned.
[0004] U.S. Pat. No. 6,118,540 disclosés an inspection system for

automatically inspecting 2-D and 3-D criteria of packaged sem conductor 2
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pre-scans a  RtRChssedtdaisyBtef thahusdy @tﬁ]?ony&ﬁn@éa fromthe 2-D scanning
assenbly is wused to predeferm ne areas containing 3-D features of interest

and tg di ref:t the 3-D scanning assenbly. The 2-D scanni ng assenbly oby
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systemthat is re
used to predetermlne 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
illumination, an acoustic optical (AO) 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. 3 Sunmary of the Invention [0007] The present invention is
directed to an inspection systemthat conbines 2-D inspection and 3-D

i nspection of the conponents of an electronlc device into one compact
nmodul e. The inspection systemof the pPesent invention conprises, a 2-D
i mage acqui sition assenbly for inspecting 2-D criteria of the conponents,
a 3-D image acquisition assenbly for inspecting 3-D criteria of the
conponents, and a processing unit connected to the 2-D i nage acquisition
assenbly and the 3-D i nage acdilimsiaiwof the deventiopnf or anal yzi ng the 2-D and
the 3-D i mages. The 3-D image acqui sition assenbly conprises a 3-D inage
sensor and a 3-D light source. The 3-D light source is preferably a |aser
capabl e of generating a planar sheet of light that is substantially
perpendi cular to the plane of the electronic device. The 2-D i mage
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t he 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.

[0008] 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 ball/lead 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
hardware unit. 4 Brief Description of the Drawi ngs [0009] The advant ages
and novel features of the present invention will becone apparent fromthe
foll ow ng detail ed description of exemﬂ ary enbodi nents taken in
conjunction with the attached drawi ngs. [0010] FIG 1 shows a schematic

bl ock diagramrepresenting the basic arrangenent of the inspection system
according to the preferred enbodi nent of the present invention. [0011]
FIG 2 shows a confi gurati omBrief DekerifgioD of thepBraxdngs si ti on assenbly
according to the preferred enbodi nent of the present invention. [0012] FIG
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only one 3-D canera I's used. shows™ anot configuration for
the 3-D image acquisition assenbly that is catered for height and space

limtations. [0017]_ El shows top. view of. a ball grid.arr (,BGA
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FIG 9 shows an@vgémentgfehe évspection systpnogecandind teths prédemedd 2mbodiment
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. 3illustrates 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 inmage. 5
Detail ed description of the enbodinents [0019] FIG 1 shows a schematic

bl ock diagramrepresenting the basic arrangenent of the inspection system
according to the preferred enbodi nent of the present invention. The

i nspection system of the present invention conprises four basic
conponents: a 2-D inmage acquisition assenbly 101, which includes a 2-D

| ight source 102 and a 2-D sensor 103; a 3-D inmge acquisition assenbly
104, which includes a 3-D light source 105 and one or two 3-D sensor 106;
a host progranmmabl e conpeatailddd®sctip8on ahtheserhbodimesitseed | nage processor
107. The 2-D light source 101 illumnates an electronic device to be

i nspected, e.g. an | C package. The 2-D i nage of the conponents of the
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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 reformatting
the image data and extracting the laser centerline in real time. The extracted
laser line by the image processor 107 is fetched by the host 108 to calculate
the 3-D parameters such as, sold ball height, co-planarity and warpage etc.
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 3-D sensor constructed
by comprise of camera 106, 106’ and laser 105 have to move relatively. 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 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 conventionalé hol der (not shown). The device 201
contains conponents 202 to be inspected, e.g. solder ball lead (only one
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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 distortion A'C' of the laser line and the distance H can be
determined as follows:

H=L7C
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 line 203 into digital image. FIG 3 illustrates how the ball height
is calculated fromthe deforned | aser line 203. The solder ball 202 is
viewed by lens 402 at an oblique angle”B and is inmaged on the inspection
pl ane 205, assum ng that the solder ball 202 is wwthin the depth of focus
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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 splitter 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.

[0023] 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 to
reduce the physical height to cater for the situation of limited height. A pair of




invention. The configuration of the 3D inage acquisition assenbly with two
caneras 106 and 106' is as described for FIG 2. As shown in FIG 4, the
2-D light source 102 is nounted above the device 201, but below the 3-D
light source laser 105, and a 2-D optics 401 is provided for diverting the
device image and enabling the integratdon of this 2-D acquisition assenbly
with 3-D acquisition assenbly. The 2-D |light source may be a ring-shaped
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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 extract 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 detail, various other modifications and improvements can



reduce the physical height to cater for the situation of limted height. A
pair of 8 mrrors 403 and 404 is provided for directing the reflected |ight
fromthe device 201 onto the canera 106. Another pair of mrrors 403" and
404" are provided for directing reflected |light fromthe device 201 onto
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 represdstmade by amerden skifled indbie adrvatroubddepadingtfram $akecerfe of thei ty.
The sol der bal r?séi‘ft?qv heEhowed onto pads (not shown), which are connected
to conductors of an 8 device. It is inmportant, when inspecting the sol der
ball leads, to verify their proper positions with respect to each other
and to the substrate. It is also inportant to verify the presence of all

| 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 showmn in FIG 8 as inmage 303. The 3-D image acquisition
assenbly 104 continues to capture images at the interval distance between
novenents; a series of images simlar to 303 are forned 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 mage sensor with a
programuabl e wi ndow size. The image franes rate can be higher when it
works with smal |l er sensor area. The systemalgorithmallows the snaller

w ndow area of interest within the inmage sensor w ndow size for measuring
hei ght and i ncreasing the inspection profiling speed. The franme rate can
reach as high as 500 frames per second at full resolution of

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

achi eve. The programmabl e wi 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.

[ 0028] 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 location along the X directi 8. Furthernore, the 2-D and 3-D

i mage acquisition assenblies are operabl e i ndependently of each other.

This nmeans that the 2- D inmage acquisition assenbly is not activated when

only 3-D inspection capability is required. [0029] It will be appreciated

t hat al t hough several preferred enbo$'ABWt have been described in detail,

various other nodifications and i nprovenents can 9 be nmade by a person

skilled in the art without departing fromthe scope of the present

i nventiord. 10AD anspection ssystermpdarn inspesijng am fatactronispdevicag said e$yséemoni ¢
device, 3@ ﬁ§M§Fe”‘ conprising: neans for holding an electronic device in
an i nspection pFane; a 2-dinensional (2-D) inspection assenbly, which
conpri ses a 21meansdet holdipg apelecioniq dayigeriaanirspertontPlaBeir oni ¢ devi ce and a
2-D sensor forp oafhbhéifsala(Z2DP ingpetion0hsédifibg! aeRiE HotnptR¥sCE. 2-DNgight D

| i ght source 3nd t he F-D Sensor bein posg%égged aepve t he i ection

ol ane:  avauge30Iymiaing e qeronic deyfietanc2-LLsensor pr CaPIHERD BgRpr MEg8 o 3- D
Idi ght  soiitieee elzaparic eleviceg e Rali light eombeeind%e%i@ﬁsemdrobe%ihghmjsﬁumedi ni c
evice a i - .0 or capturing a 3-D image of the electronic
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devi ce, d the _
a 3-dimensional (3-D) inspection assembly, which comprises a 3-D light

source capable of generating a sheet of light onto the electronic device and a first 3-D
sensor for capturing a 3-D image of the electronic device, the 3-D light source and the
first 3-D sensor being positioned above the inspection plane, and the 3-D light
source being oriented so that the sheet of light is substantially perpendicular to the
inspection plane,
wherein the 2-D inspection assembly and the 3-D inspection assembly are
arranged so that 2-D inspection and 3-D inspection can be done while the
electronic device is being held in one location.

2. The inspection system of claim 1 further comprising a second 3-D sensor
positioned above the inspection plane and symmetrically arranged relative to the first
3-D sensor.

3. The inspection system of claim 1, wherein the first 3-D sensor is oriented at an
acute angle relative to the inspection plane.

4, The inspection system of claim 2, wherein the second 3-D sensor is oriented at
an acute angle relative to the inspection plane.

5. The inspection system of claim 1, wherein the first 3-D sensor comprises a 3-D
camera.




first 3-D sensor being positioned above the inspection plane, and the 3-D
| ight source being oriented so that the sheet of light is substantially
perpendi cular to the inspection plane, wherein the 2-D inspection assenbly
and the 3-D inspection assenbly are arranged so that 2-D inspection and
3-D inspection can be done while the &lectronic device is being held in
one location. 2. The inspection systemof claim1 further conprising a
second 36D sempelinspgeesion 's?st@ﬁh siletim 1, veharoinRRe beedhdB-Bnseraiod comipees iacal | y
arranged yelative to the first 3-D sensor. 3. The inspection system of
claim 1, Sh&PRthe first 3-D sensor is oriented at an acute angle
relativesto t HpeliAgRREbh @YsRINRBE clafn 1TMetdIS RS DIDReh¥G &MmPrisedl 20T B,
wherein the secong;@-g sensor is oriented at an acute angle relative to
the i nsp&afMesopRiMOSLam@a. | nspection system of claim 1, wherein the
first 3-D sensor conprises a 3-D canmera. 11 6. The inspection system of
claim1, wherein the second 3-D sensor conprises a 3-D canera. 7. The
i nspecti gn SY%éﬁhs}ieoﬁbﬂisgBtbm Wit WeerdinDtReR I ligitosauirtes e8mprisss @
canera Orin§- qﬁdﬁﬁﬁ’”r‘?" . The inspection systemof claim1l, wherein the
2-D | ghf Suf p?i%yes a ring-shaped LED array. 9. The inspection
systemof claiml1l, wherein the 2-D inmaging systemand the 3- D Ilight source
are coaxially aligned.

9. The inspection system of claim 1, wherein the 2-D imaging system and the 3-

D light source are coaxially aligned.




