MACHI NE VI SI ON SYSTEM FOR THREE- DI MENSI ONAL METROLOGY AND | NSPECTI ON | N THE
SEM CONDUCTOR | NDUSTRY CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application is a continuation-in-part of prior application nunber PCT
US2006/ 023030 filed on 13 June 2006 and entitled "Lighting Subsystemfor a
Machi ne Vi sion Systent, which is incorporated in its entirety by this
reference. This application also clains the benefit of U S. Provisional
Application nunber 60/735,778 filed 12 Novenber 2005 and entitled "3D

met r ol oA GRINEVISTON BSYSTEM #OR THREEDIMENSIONAT. MERROLOGY! so
incorporated in its entirety by this reference. TECHNI CAL FI ELD [0002] This

| nvention re'ﬁﬁﬁﬁlﬂSPﬁi’@ﬂ@N‘ H\TW‘I?E@EM]!@)NIS!JQH‘OR@NDUS‘I’RYDF e

specifically to new and useful system nachine vision system for
t hree- di nensi onal netrol ogy and inspection in the sem conductor industry of
the machine vision field.

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application is a continuation-in-part of prior application number
PCT US2006/023030 filed on 13 June 2006 and entitled “Lighting Subsystem for a
Machine Vision System”, which is incorporated in its entirety by this reference. This
application also claims the benefit of U.S. Provisional Application number
60/735,778 filed 12 November 2005 and entitled “3D metrology and inspection for
the semiconductor industry”, which is also incorporated in its entirety by this

reference.

TECHNICAL FIELD
[0002] This invention relates generally to the machine vision field, and more
specifically to new and useful system machine vision system for three-dimensional

metrology and inspection in the semiconductor industry of the machine vision field.

BACKGROUND
[0003] In 1976, Yakimovsky and Cunningham wrote an article entitled "A
System for Extracting Three-Dimensional Measurement from a Stereo Pair of TV
Cameras". The article, which was published in Computer Graphics and Image
Processing 7, 195-210 (1978), is incorporated in its entirety by this reference.

Through a complex series of modeling, calculation, and calibration, the article



BACKGROUND [ 0003] I n 1976, Yaki novsky and Cunni ngham wrote an article
entitled "A System for Extracting Three-D nensional Measurenent from a
Stereo Pair of TV Caneras". The article, which was published in Conputer
G aphics and I nage Processing 7, 195-210 (1978), is incorporated inits
entirety by this reference. Through a conplex series of nodeling,
cal culation, and calibration, the article discloses the calculation of an
exact position of each canera, which facilitates the direct triangulation
of a t ke RO ShRAMLAOSF binosx-et pasitiki eftach camera, which facilitates the
direct triangulation of a three dimensional position of an object.
[0004] U.S. Patent No. 6,101,455, which is incorporated in its entirety by this
reference, was issued on 08 August 2000 to Michael S. Davis, one of the teachers of
one of the inventors of the present invention. The ‘455 patent, which references the
Yakimovsky and Cunningham article, discloses an automatic calibration of the
cameras within a system. The ‘455 patent discloses a technique that includes
calibrating the cameras to a common coordinate frame and moving an object a
known relative distance, to determine the positions of the cameras using a vector
relationship. The ‘455 patent does not, however, discloses the use of more than two
cameras.
[0005] U.S. Patent No. 6,064,756, which is incorporated in its entirety by this
reference, was issued on 16 May 2000 and is currently assigned to Scanner
Technologies Corporation. The “756 patent discloses a three dimensional inspection
apparatus for ball array devices and, in one embodiment, discloses the use of three
cameras. The ‘756 patent discloses, however, the use of triangulation to calculate a
three dimensional position of the ball of a ball array device with reference to a pre-
calculated calibration plane, and discloses neither the calculation of the exact
position of each camera nor the direct triangulation of the three dimensional position
of the ball of a ball array device.
[0006] The conventional techniques in the art, while suitable for certain
applications, are not suitable for the accurate metrology of the body and connecting

terminals (leads, ball grids, bumps, pads) of rapidly moving semiconductor or

packaged electronic components in various manufacturing stages. The conventional



[0004] U.S. Patent No. 6,101,455, which is incorporated in its entirety by
this reference, was issued on 08 August 2000 to Mchael S. Davis, one of
the teachers of one of the inventors of the present invention. The '455
patent, which references the Yaki novsky and Cunni ngham article, discloses
an automatic calibration of the caneras wthin a system The '455 patent
di scl oses a technique that includes calibrating the canmeras to a comon
coordi nate frane and novi ng an object a known rel ative distance, to
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machine vision system that reduces the statistical and systematic errors to become

suitable for the three-dimensional metrology and inspection in the semiconductor

industry. This invention provides such improved machine vision system.

BRIEF DESCRIPTION OF THE FIGURES

[0008] FIGURE 1 is a perspective view, looking upward, of the system of the
preferred embodiment.
[0009] FIGURE 2 is a perspective view, looking upward, of the lighting

subsystem of the preferred embodiment.

[0010] FIGURE 3 is a schematic representation of the controller of the
preferred embodiment.
[0011] FIGURE 4 is a perspective view, looking downward, of the system of

the preferred embodiment.



techni ques are sinply not suitable for the inspection in such confined

envi ronnents of deformation of the connection termnals in the

sem conduct or or packaged el ectronic conponents. In these environnents,

t he

errors introduced by the conventional techniques in the art, including both
statistical error (caused by random and therefore inherently

unpr edi ct abl e,

fluctuations in the neasurenent apparatus) and systematic

error (caused by an unknown but nonrandom fluctuation). [0007] Thus, there
is aneed in the machine vision field to create an inproved machi ne vision
systemthat reduces the statistical and systematic errors to becone

suitable for the DESERIPTIONSOPTHE PREFERRYDEPDMBOBIMENTS i n the
sem conductor industry. This invention provides such inproved nachi ne
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rather to enable any person skilled in the art to make and use this invention.

[0013] As shown in FIGURES 1 and 2, the system 10 of the preferred
embodiment includes a structural subsystem 20 to provide both a stable platform
and vibration isolation, a camera subsystem 30 to capture the image of a moving
object when the object moves into a viewing area, a lighting subsystem 50 to
illuminate a moving object, and a controller to selectively activate the camera
subsystem 30 and the lighting subsystem 50 to allow observation of the reflectance
of complex objects under different conditions. The system 10 has been specifically
designed for illuminating and capturing the image of a moving object, such as the
connecting terminals (e.g., leads, ball grids, and pads) of packaged electronic
components in a manufacturing facility. The system 10 may, however, be used to
illuminate and capture the image of any suitable moving or non-moving object.
[0014] The structural subsystem 20 of the preferred embodiment functions to
provide a stable platform for the relative positioning of the camera subsystem 30 and
the lighting subsystem 50, and also to provide isolation of the camera subsystem 30
and the light subsystem 50 from vibration. The structural subsystem 20 preferably
includes an enclosure 22 and a back plate 24. The enclosure 22 functions to provide a
relatively rigid connection to the ground or other suitable stable structure.
Preferably, the enclosure 22 is placed or mounted to the mechanical structure of a

machine that manufactures, inspects, and/or packages the semiconductor or
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subsystem of the preferred enbodinment. [0010]FIGURE 3 is a schematic
representation of the controller of the preferred enbodi nent. [0011] FI GURE
4 is a perspective view, |ooking dowward, of the systemof the preferred
enbodi nent. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [ 0012] The fol | owi ng
description of the preferred enbodi nents of the

packaged electronic components. Alternatively, the enclosure 22 may be placed or
mounted in any suitable location and to any suitable device or structure. The back
plate 24 functions to provide a relatively rigid connection between the camera
subsystem 30 and the lighting subsystem 50, and a relatively compliant connection
between the enclosure 22 and the combination of the camera subsystem 30 and the
lighting subsystem 50. The back plate 24 is preferably made of heavy gauge anodized
aluminum, which is low in weight and high in thermal conductivity. The high
thermal conductivity of the back plate 24 promotes heat transfer from the camera
subsystem 30, which may otherwise introduce error into the system. The back plate
24 is preferably suspended against the enclosure. The suspension preferably includes
a single connecting plane, but may alternatively include any other mounting methods
or devices that provides vibration isolation and mounting distortion isolation
between the back plate and the enclosure. The isolation of the camera subsystem 30
from vibration, mounting distortion, and other sources of errors increases the
accuracy of the system, thereby facilitating the use of the system 10 for the three-
dimensional metrology and inspection in the semiconductor industry.

[0015] The camera subsystem 30 of the preferred embodiment, which is
mounted to the back plate 24 of the structural subsystem 20, functions to capture the
image of a moving object when the object moves into a viewing area. The cameras are
preferably rigidly mounted so that if and when they vibrate, they all vibrate together.
Preferably, the camera subsystem 30 includes a first camera 32, a second camera 34,
and a third camera 36 to provide information on the moving object from several
angles. The camera subsystem 30 may, however, include any suitable number of

cameras to provide information on the moving object from several angles. Each



invention is not intended to limt the invention to these preferred

enbodi nents, but rather to enable any person skilled in the art to nmake and
use this invention. [0013] As shown in FIGURES 1 and 2, the system 10 of the
preferred enbodi nent includes a structural subsystem 20 to provide both a
stable platformand vibration isolation, a canera subsystem 30 to capture
the i mage of a noving object when the object noves into a viewng area, a
lighting subsystem50 to illum nate a noving object, and a controller to
sel ect i caslera ag praferably hCRrippe cambry withra 8solutibrt hfat leght 4 MPisalbay se-em 50
to allow observation of the reflectance of conplex objects under different
condi t ikihgraybbale st anficld dfadewesihaisieast 50 aail Yy oRs nte Eachr canhdrd Bt i ng
and capturing the imge of a noving object, suclx as the connecting
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nonrandom fluctuation). The use of captured images of a single time instance
prevents any movement or vibration of the object from causing a significant
reduction in the accuracy of the system. The use of a symmetrical arrangement tends
to cancel, or at least reduce, the systematic error (such as the slight movement of one
camera after calibration) because errors from opposing camera pairs cancel. The use

of three (or more) cameras pairs tends to cancel, or at least reduce, the statistical

error because of the determination of the three-dimensional metrology of an object



nounted to the back plate 24 of the structural subsystem 20, functions to
capture the inmage of a noving object when the object noves into a view ng
area. The caneras are preferably rigidly nounted so that if and when they
vibrate, they all vibrate together. Preferably, the canera subsystem 30
includes a first camera 32, a second canera 34, and a third canmera 36 to
provide information on the noving object fromseveral angles. The canera
subsystem 30 may, however, include any suitable nunber of cameras to
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is preferably a CCD-type canera with a resolution of at |east 4MPixels at
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prefera ally artanged relative to an obje¢t I1n the view ng

field and ea C f j | £ e l.ew ng
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Vi ewi n% anﬁl e (i.e., 90). In a second variation, the c meras ai)e radially
spaced [0 dqual Asoihaw e FIGUBE 4 jthe sysigm 180 the praterred frabedimenth | e
all having the same viewing angle (e.g., 75) to the Z axis. [0016] The
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use of captured imges of a single tine instance fromthree (or nore)
camer a cpaipagtiess af shespséteircad andrimnigeititate paatictlaratiesing aiglentf the ficstease
in the accuracy and repeatability of the system 10, based on the reduction
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exanpl §0018Je f ol IAswsingwn hine FIGRIRES: 1pand s2, tie dightiog; subisyaresn G oériheC2 and

C3. The three determ nations fromthese canera pairs can be averaged (or

ot her wiprefestedtdrabodiadnt fanstiyaets ilnsinytesthietrablimgrabjeerwith eheirtgnilédsoatnt | y
reduce statistical error caused by random and therefore inherently

oS L sty ot a9 By o 1
with light sources aimed toward the viewing area along the viewing angle of the first
camera 32, a second light group 54 with light sources aimed toward the viewing area
along the viewing angle of the second camera 34, and a third light group 56 with light
sources aimed toward the viewing area along the viewing angle of a third camera 36.
Additional lighting, either direct or indirect, may be provided (as shown in FIGURE
4). Preferably, the lighting subsystem 50 is mounted on a structural member 58 with

a trapezoidal shape and the camera subsystem 30 and structural member 58 are

arranged such that the cameras point through holes in the structural member 58.



may al so include a mrror assenbly 40. The mrror assenbly 40 functions to
al |l ow conpactness of the systemio and to facilitate particular view ng
angles of the first camera 32 and the second canera 34. Preferably, the
mrror assenbly 40 includes a first mrror 42 that optically folds the view
of the first canera 32, and a second mrror 44 that optically folds the
view of the second canera 34. The mrror can be placed between the I ens and
t he object as shown, or the mirror can be placed between the canera and the
| ens. TR L8fubsuahavember 58GhRESfetablydmaduntdiediredfly ondndirbsts teth&dack t he
preferred enbodi nent functions to illum nate the noving object wth short
pul sespRfre I eﬂ&elighﬁﬁg- ubR§steiiBol Athys Woswests nbd tnpuetedr ablany satalles a
first PI ght group 52 wth I1ght sources ained toward the view ng area al ong

the vigthpGuangletunh. e lidiitle SABLRZ0 PrefBe®If ildiabis of Rit Shight N
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Addi ti onal Ii?htj r@ either direct or indirect, may be provided (as shown
in FI GORmbey of pritalle SOWIES] | ghti ng subsystem 50 is mounted on a
structural nenber 58 with a _trapezoi da]l%shape nd t he %Erméa subsfgst m 30
and st [0R19]r al nAsbekows iy FIGURI 34 the aontyplier: e ek ae alrshoPrReHRd ough
holes in the structural menber 58. The structural nenber 58 is_preferably
nmount eéndiodimehi; whichnili connestedotor Hee isaulerp| atbsystem Bee apdgihe Hghtnssyst em
50 may, however, be nounted on any suitable structural nmenber. The lighting
subsystkebsysternr 56 efaidtiorisntd wdasradt theeesmheh Isubbystemegsi apdLERs lightingch of
the Iight groups, but may alternatively include any suitabl e nunber of
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the first "‘preferred enbodi nent, which is connected to the canera subsystem
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controller 60 nay adjust the activation of the i;i ght sources of Ige
i ghti flee sopisplierAGaney augbtheactvation of e Hgbhepursps| & the Jishtiggs) | at
an earlier or later time within the cycle {+ ims), for a Ionagr or. shorter

dur at i enbgystem,506tbsirobe pbadasiat of slawei/ eycleate.g, EPgser aloan e arietesi ty
(e.g., 0-50 anps). Through the mani pul ati on of the activation of the canera

subsystgne 3Withiid theecydlghf+ ngnsybiyrstetorf@Rr oheslayrsdreduration (e, B-gberred
enbodi ment may effectively freeze and i nspect the refl ectance of the
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any suitable paraneter of the canera subsystem 30 and/or the |ighting
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inspect the reflectance of the illumination by the moving object. The controller 60
may, however, adjust any suitable parameter of the camera subsystem 30 and/or the
lighting subsystem 50 to allow observation of the reflectance of the illumination by
the moving object under different conditions.
[0020] The calibration of the system 10 preferably includes a reference target.

The reference target is preferably a glass target with a grid of dots (available from



The reference target is preferably a glass target with a grid of dots

(avai l able from Mx Levy Autograph, Inc. of Philadel phia, Pennsylvania).
The reference target with the grid of dots functions to provide positions
along two axes (such as the X and Y axes). The calibration of the system 10
further preferably includes a mcroneter. The mcroneter functions to nount
the reference target and nove the reference target along the third axis
(such as the Z axis). The microneter preferably includes a user interface,
such adMax kavp Autegraphpinarsf Bililade]phda,nRertnsylvanie). Theaefarercd targett withut nmay
alternatively include an aut omat ed device or process. The conventi onal

t echni qhegridnof dotsSuactities t@ prdwide pdsitiisi doag tivarages (Slckhagndid X-axd ¥ r obot
whi ch can nove a single dot along the X, Y, and Z axes. By eschew ng the
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reduces the expense of the calibration of  the system 10. The calibration of
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i ncorporate cali Ion correction technrqu 0 ifprove accuracy. By using
a referencentanget as pant of, i cal ibkhration techni gque,to0. cal cul ate the
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directly on _an object within this geonetrically rectified three dinensional
vi ewablmeay aliaraatively eingluglecan rautomased dderdess i @n airoegsspel kg comyentippal of an
obj ect. [0021]As a person skilled in the art will recognize fromthe
pr evi odechidtued ingl eithet adhreendiniensiond éafgetyor e snaltidaxis apbet, which can
nodi fications and changes can be nade to the preferred enbodi nents of the
i nvent imovevat siogle depailéonggher Y, hend G peeaf By hesthewwnentthercodetntiedal n t he
followng clains. CLAIMS W Claim
techniques, the calibration of the system 10 significantly reduces the expense of the
calibration of the system 10. The calibration of the system 10 may, however, use the
conventional techniques and/or may incorporate calibration correction techniques to
improve accuracy. By using a reference target as part of its calibration technique to
calculate the exact position of each of the cameras of the camera subsystem 30 in
relation to a coordinate frame in the observable three dimensional measurement
volume, the camera locations may be used to triangulate directly on an object within
this geometrically rectified three dimensional viewable volume to determine the
three dimensional shape and location of an object.
[0021] As a person skilled in the art will recognize from the previous detailed
description and from the figures and claims, modifications and changes can be made

to the preferred embodiments of the invention without departing from the scope of

this invention defined in the following claims.



1. A machi ne vision systemfor the three-dinensional nmetrology of a rapidly
novi ng sem conduct or or packaged el ectronic objects in various stages
wi thin a manufacturing facility, the systemconprising: a structural
subsystem i ncl udi ng an encl osure nmounted to the ground of the nmanufacturing
facility, and including a back plate suspended fromthe encl osure, wherein
t he suspension of the back plate fromthe enclosure isolates the back plate
froma vibration of the enclosure; a canmera subsystem adapted to capture
t he i mage of a noving object when CHAIMS ect noves into a view ng area,
wherein the canera subsystemincludes a first canera nounted to the back
pl at e, wa gsand canera nounted to the back plate, and a third canera
nounted to the back plate; and a processor adapted to receive the captured
i mges, fromt E t } i

My ﬂl%cﬁﬁfg%irggtﬁggst%@ il et ahiRealifdensiorfieiRERbIAY N gf)api&l?

t hr ee- di nensi ona 0 the novi ng object based on ured

' f he .fi : 2 a. it _
B e R e L
captured i t canera.and the third canera, and a third

r;;aes,fro ,th%l%fir% [
det er nHREHRAUERS AR, FReSYRIOR FOPUNLF D et r ol ogy of the noving obj ect based

on the captured i mages, fromthe second capera and the third carrgrz%; wher ei n
the struct uhastruste) subsystemdnehiding ag enmonmfedite thegraurdotdhgper at e
to reduce the statistical and systematic errors of the machine vision

system manufacturing facility, and including a back plate suspended from the
enclosure, wherein the suspension of the back plate from the enclosure
isolates the back plate from a vibration of the enclosure;

* acamera subsystem adapted to capture the image of a moving object when the
object moves into a viewing area, wherein the camera subsystem includes a
first camera mounted to the back plate, a second camera mounted to the back
plate, and a third camera mounted to the back plate; and

* a processor adapted to receive the captured images from the cameras and to
calculate a first determination of the three-dimensional metrology of the
moving object based on the captured images from the first camera and the
second camera, a second determination of the three-dimensional metrology of
the moving object based on the captured images from the first camera and the
third camera, and a third determination of the three-dimensional metrology
of the moving object based on the captured images from the second camera
and the third camera;

wherein the structural subsystem, the camera subsystem, and the processor

cooperate to reduce the statistical and systematic errors of the machine vision system
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to enabl e accurate three-di nensional nmetrol ogy and i nspection of the
rapidly noving objects. 2. The machine vision systemof Claiml1l, wherein
the processor is further adapted to calculate a final determ nation of the
t hr ee- di nensi onal netrol ogy of the noving object based on the first

determ nation, the second determ nation, and the third determ nation of the
t hree-di nensi onal netrol ogy of the noving object. 3. The machine vision
systemof Claim2, wherein the processor is further adapted to calculate a
final detedbitasturate tireéldmichseatinserdognaid impeciioypf the tapédlyonoviggobj ect
based on an average of the first determ nation, the second determ nation,
and thgb%éa{g,_d determ nation of the three-dinensional netrol ogy of the

novi ng object. 4. The machine vision systemof Claim1, wherein each
canera of the canmera subsystem has a uni que view ng angle of the noving
object. 5. The machine vision systemof Caim1l, wherein the canmeras of

t he canera bsystem are.s i C -arranged .« e iV I

obj ect r2re 6. ﬁﬁeﬁ?ﬁﬁ’rﬂ%éﬂs{‘ﬁ% {%E{eé{l/s%ega&’% & g\l% rre?ﬁll,h \%\ﬁerpé'ﬁﬁé#ﬁiéﬁgam%}gt e
rovides a relatively rigid,connection tween each af the canmera 7.

The mmeArREcpdastatet R LACENRIAHST o Beare REnEaoRup Sl STebbeof

heavy %zliqugg %%S'Jecgt %b%geézli lolrjln'ghgufri];'st determination, the second determination, and the

third determination of the three-dimensional metrology of the moving object.

3. The machine vision system of Claim 2, wherein the processor is further
adapted to calculate a final determination of the three-dimensional metrology of the
moving object based on an average of the first determination, the second
determination, and the third determination of the three-dimensional metrology of

the moving object.

4. The machine vision system of Claim 1, wherein each camera of the camera

subsystem has a unique viewing angle of the moving object.

5. The machine vision system of Claim 1, wherein the cameras of the camera

subsystem are symmetrically arranged relative to the moving object.

6. The machine vision system of Claim 1, wherein the back plate provides a

relatively rigid connection between each of the cameras.
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8. The machine vision systemof Claim1, further conprising a |ighting
subsystem adapted to illum nate the noving object. 9. The nmachi ne vision
systemof Claim8, wherein the first camera is adapted to imge the noving
object at a first viewi ng angle, wherein the second camera is adapted to

i mage the noving object at a second view ng angle, and wherein the third
camera is adapted to image the noving object at a third view ng angle;
wherein the lighting subsystemincludes |light sources in a first |ight

group Ai MedTROWedchihd §isibeWys@naiofClainerg) whéiehs ttheibmoknplate§d enadel ght
sources in a second |ight group ained toward the viewing area along a

secon t sources in athird light group ai ned t d
sec Vf’héﬂvggaﬁgee g{iﬁed gRtnidueh! ght group owar

ong a third viewing angle. 10. The nachi ne vision
systemof Claim8, further conprising a controller coupled to the canera
subsystem and to the |ighting subsystem and adapted to control the canera

subsysgem apd trrfl%c 1n%htv§sr1] Ssys ! o &f%ur%f flecﬁfrﬁ%rycgfﬁ%s?ngng hé}ﬁﬁ‘?ﬁt the

novi ng®obj e

subsystem adapted to illuminate the moving object.

0. The machine vision system of Claim 8, wherein the first camera is adapted to
image the moving object at a first viewing angle, wherein the second camera is
adapted to image the moving object at a second viewing angle, and wherein the third
camera is adapted to image the moving object at a third viewing angle; wherein the
lighting subsystem includes light sources in a first light group aimed toward the
viewing area along a first viewing angle, light sources in a second light group aimed
toward the viewing area along a second viewing angle, and light sources in a third

light group aimed toward the viewing area along a third viewing angle.

10. The machine vision system of Claim 8, further comprising a controller
coupled to the camera subsystem and to the lighting subsystem and adapted to
control the camera subsystem and the lighting subsystem to effectively freeze and

inspect the moving object.

12



