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MACHINE VISION SYSTEM FOR INSPECTING A MOVING OBJECT

WITH A SPECULAR REFLECTING SURFACE

CROSS-REFERENCE TO RELATEDAPPLICATIONS

[0001] This application is a continuation-in-part of international application

number PCT/US2006/023030 filed on 13 JUN 2006 and entitled "Lighting

Subsystem for a Machine Vision System", which claims priority to US Provisional

Application 60/689,966 filed on 13 JUN 2005.

[0002] This application is also a continuation-in-part of international

application number PCT/US07/81560 filed on 16 OCT 2007 and entitled "System

for Illuminating and Imaging an Object with a Specular Reflecting Surface", which

claims priority to US Provisional Application 60/829,671 filed on 16 OCT 2006.

[0003] This application also claims the benefit of both US Provisional

Application number 60/866,403 filed 17 NOV 2006 and US Provisional Application

number 60/948,153 filed on 05 JUL 2007. All six patent documents (the two

international applications and the four provisional applications) are incorporated in

their entirety by this reference.

TECHNICAL FIELD

[0004] This invention relates generally to the machine vision field, and more

specifically to new and useful lighting subsystem in the machine vision field.

BACKGROUND

[0005] Semiconductor components are composed of several different elements

(body, leads, balls, pads, etc.). Each element can have a complex shape presenting



surfaces at different angles to the camera. Each element can be constructed from

different materials with different reflectance properties. The reflectance varies from

diffuse to specular (mirror like). The 3D inspection of these devices requires very

accurate imaging of all surfaces to be measured. The 3D inspection of these objects

using any form of triangulation requires a view of the object from different angles.

Viewing the object from different angles amplifies lighting problems. The camera

subsystem may receive a high contrast image of an object from one view, and almost

no contrast in the image of the same object from an alternate view. Thus, there is a

need in the machine vision field to create a new and useful machine vision system

and method for multi-dimensional metrology and inspection of semiconductor

components. This invention provides such a system.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIGURES 1 and 2 are perspective views of the system of the preferred

embodiment.

[0007] FIGURE 3 is a schematic representation of the controller of the first

preferred embodiment.

[0008] FIGURE 4 is a detailed cross-section view of a section of the diffusing

element and a camera of the camera subsystem of the preferred embodiment.

[0009] FIGURE 5 is a perspective view of the second lighting subsystem of a

variation of the preferred embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] The following description of the preferred embodiments of the

invention is not intended to limit the invention to these preferred embodiments, but

rather to enable any person skilled in the art to make and use this invention.



[001 1] As shown in FIGURES 1-3, the preferred embodiment of the invention

is a machine vision system 100 for inspecting a moving object with a specular

reflecting surface. The machine vision system 100 includes a camera subsystem 110

that captures images of a moving object with a specular reflecting surface when the

object moves into a viewing area, a diffusing element 120, a primary lighting

subsystem 130 that indirectly illuminates the moving object, and a controller 140

that controls the camera subsystem 110 and the primary lighting subsystem 130. The

system 100 has been specifically designed for illuminating 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 100 may, however, be used to

illuminate any suitable moving or non-moving object.

[0012] The camera subsystem 110 of the preferred embodiment functions to

capture multiple images of a moving object when the object moves into a viewing

area. Preferably, the camera subsystem 110 includes a first camera 112 and a second

camera 114 to provide information on the moving object from several angles. More

preferably, the camera subsystem 110 also includes a third camera 116. The camera

subsystem 110 may, however, include any suitable number of cameras to provide

information on the moving object from several angles. Each camera is preferably a

CCD-type camera with a resolution of at least 2MB at 12-bit grayscale and a field of

view of at least 50 mm by 50 mm. Each camera may, however, be any suitable type

of image capturing device with any suitable resolution and any suitable field of view.

Each camera preferably has a unique viewing angle of the viewing area. The first

camera 112 and the second camera 114 preferably have acute and obtuse viewing

angles that are complimentary (e.g., 6o° and 120 ), while the third camera 116



preferably has a perpendicular viewing angle (i.e., 90 ). The cameras may, however,

be arranged with any suitable viewing angle.

[0013] The diffusing element 120 of the preferred embodiment functions as a

base for a diffusive and reflective surface that reflects the light from the primary

lighting subsystem 130 onto the specularly reflective surface of the moving object,

and functions to define a first opening and a second opening for the camera

subsystem 110 near an apex 128 of the diffusing element 120. The diffusing element

120 is preferably convex shaped to provide substantially uniform illumination, more

preferably shaped like a pyramid, a cone, or a hemisphere, but alternatively may be

any suitable shape. The diffusive and reflective surface functions to reflect and

randomly diffuse light from the primary lighting subsystem 130. For example, if the

light sources of the primary lighting subsystem 130 are coherent light sources, the

diffusive and reflective surface functions to transform the light from coherent light

source into light that is diffused incoherently in all directions. The diffusivity and

reflectivity of the surface are preferably both highly efficient. The surface is

preferably substantially uniform in the diffusivity, but may alternatively have any

diffusivity. While the reflectivity of the surface is preferably high such to improve

efficiency, the surface may allow some portion of the light to pass through the

surface, perhaps to illuminate other portions of the system, or to provide an ambient

light source for another application.

[0014] The first opening and the second opening, which are located near the

apex 128 of the diffusing element 120, function to substantially reduce the narcissus

effect of the camera subsystem 110. The "narcissus effect" occurs when a camera

receives a virtual image of itself and sees a black hole, which is an inaccurate capture

of the "true" image of the moving object. As shown in FIGURE 4, with a small

enough aperture, the only area where there is no effective object illumination is at a



single point perpendicular to the center of the aperture. This single point preferably

corresponds to one pixel in the camera, however, it may correspond to a group of

pixels in the camera. The first camera 112 is located behind the first opening, while

the second camera 114 is located behind the second opening. In one variation, the

openings preferably have a diameter that is significantly less than the width and

height of the camera. In another variation, the opening acts as an aperture stop for

the camera of the camera subsystem 110 and, more preferably, functions as the

smallest aperture stop for the camera of the camera subsystem 110. The openings

preferably have a circular shape and a particular size. Preferably, the aperture is

sized as small as possible to still allow the full resolution and sensitivity of the

camera. If the camera subsystem 110 includes more than two cameras, then the

diffusing element 120 preferably includes more than two openings near the apex 128

and the extra cameras are located behind the extra openings.

[0015] In the preferred embodiment, as shown in FIGURE 1, the system 100

also includes a mirror assembly. The mirror assembly functions to allow

compactness of the system and to facilitate particular viewing angles of the first

camera 112 and the second camera 114. Preferably, the mirror assembly includes a

first mirror 152 that optically folds the view of the first camera 112, and a second

mirror 154 that optically folds the view of the second camera 114.

[0016] As shown in FIGURES 1, 2, and 5, the primary lighting subsystem 130

of the preferred embodiment functions to indirectly illuminate the moving object.

The primary lighting subsystem 130 includes light sources aimed directly at the

diffusing element 120, and aimed only indirectly at the moving object through the

diffusing element 120. The primary lighting subsystem 130 preferably includes light

banks, which each consist of a group of light sources that are arranged in a plane and

are aimed directly at the diffusing element 120. The light sources of the primary



lighting subsystem 130 function to provide a high-intensity illumination of the

moving object. The primary lighting subsystem 130 preferably includes at least 48

high-intensity LEDs, which are preferably arranged in a six-sided pattern with four

sets of 12 high-intensity LEDs.

[0017] The high-intensity LEDs are preferably cyan LEDs (in the 500 nm to

510 nm range), which provide surprisingly greater image contrast. The cyan LED

preferably emits cyan light in the 490 nm to 530 nm range, more preferably emits

cyan light in the 500 nm to 510 nm range, and most preferably emits cyan light at

505 nm. As used herein, an "LED" or "light emitting diode" refers to a device having

a stack of semiconductor layers (a "chip"), including an active region that emits light

when biased to produce an electrical current flow through the device. A "cyan LED"

is an LED that emits cyan light. In reference to the visible spectrum, cyan light is the

color obtained by mixing equal amounts of green and blue light or by removing red

light from white light. Cyan light is also called aqua, teal, or blue-green light. The

high-intensity LEDs may, however, be any suitable LEDs and may emit any suitable

wavelength or wavelengths.

[0018] As shown in FIGURE 3, the controller 140 of the preferred

embodiment, which is connected to the primary lighting subsystem 130, functions to

control the primary lighting subsystem 130 to allow observation of the moving object

under different conditions. In one variation, the controller 140 controls the

activation of the primary lighting subsystem 130. Based on the information collected

by a machine vision subsystem, the controller 140 may adjust the activation of the

light sources of the primary lighting subsystem 130 to strobe at a faster or slower

cycle (e.g., 50ms), at an earlier or later time within the cycle (+ lms), for a longer or

shorter duration (e.g., 5-50 microseconds), and/or at a higher or lower intensity



(e.g., 0-50 amps). The controller 140 may, however, adjust any suitable parameter of

the primary lighting subsystem 130 to allow observation of the moving object.

[0019] In the preferred embodiment, the system 100 also includes a processor

that functions to combine the images from the camera subsystem 110 into a single

image. Preferably, the images are combined into a three-dimensional image. In one

variation, the image combination has the effect of reducing narcissus effects in the

image. The narcissus effect occurs when the camera subsystem 110 receives a virtual

image of its own sensor and sees a black hole, usually when a reflective object surface

reflects an image of the camera aperture back onto itself. The processor preferably

combines at least two images from different perspectives, more preferably with

different locations exhibiting the narcissus effect, and preferably provides an image

that at least partially corrects for the narcissus effects. As more images from more

perspectives are taken, better corrections can be made for the narcissus effect, and

better images can be achieved. Preferably, three images captured from three

different perspectives are combined to form a corrected image. Further, in the

preferred embodiment, the images from multiple perspectives are also combined to

generate three-dimensional images of the objects, with reduced narcissus effects,

particularly on specularly reflecting surfaces, such as semiconductor wafers.

[0020] In a variation of the preferred embodiment, as shown in FIGURES 1, 2,

and 5, the system 100 also includes a secondary lighting subsystem 160 to directly

illuminate a moving object. The secondary lighting subsystem 160 preferably

includes light sources aimed directly toward the viewing area of the camera

subsystem 110. In this variation, the controller 140, which is also connected to the

secondary lighting subsystem 160, functions to control the primary lighting

subsystem 130 and the secondary lighting subsystem 160. The controller 140

selectively activates and/or adjusts the intensity of the primary lighting subsystem



130 and/or the secondary lighting subsystem 160 to produce different incident light

illumination angles, while ensuring a substantial degree of illumination symmetry.

Through the manipulation of the activation of the camera subsystem 110, the

primary lighting subsystem 130, and the secondary lighting subsystem 160, the

system 100 of the variation of the preferred embodiment may effectively freeze and

inspect the reflectance of the illumination by the moving 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 as defined in the following claims.



CLAIMS

We Claim:

1. A machine vision system for inspecting a moving object with a specular

reflecting surface, comprising:

• a diffusing element having a generally concave shape with an apex and

defining both a first opening and a second opening near the apex;

• a camera subsystem that captures images of a moving object with a specular

reflecting surface, the camera subsystem including a first camera located

behind the first opening of the diffusing element and a second camera located

behind the second opening of the diffusing element;

• a primary lighting subsystem that indirectly illuminates the moving object,

wherein the primary lighting subsystem includes light sources aimed directly

at the diffusing element and only indirectly at the moving object via the

diffusing element; and

• a controller that controls the camera subsystem and the primary lighting

subsystem.

2. The system of claim i wherein the controller selectively strobes the primary

lighting subsystem to effectively freeze the moving object when the object moves into

a viewing area.

3. The system of claim 1wherein the controller selectively adjusts the intensity of

the light sources of the primary lighting subsystem.



4 The system of claim l further comprising a processor that, based on the

images from the camera subsystem, reduces the narcissus effects caused by the

specular reflecting surface of the moving object.

5. The system of claim 4, wherein the processor combines the images into a

three-dimensional image.

6. The system of claim 1 wherein the diffusing element includes a diffusive and

reflective surface that provides substantially uniform diffusivity and substantially

uniform reflectance of light from the light sources of the primary lighting subsystem.

7. The system of claim 1 wherein the first opening acts as an aperture stop for

the first camera, and wherein the second opening acts as an aperture stop for the

second camera.

8. The system of claim 7 wherein the first opening acts as the smallest aperture

stop for the first camera, and wherein the second opening acts as the smallest

aperture stop for the second camera.

9. The system of claim 1 wherein the diffusing element further defines a third

opening, and wherein the camera subsystem further includes a third camera located

behind the third opening.

10. The system of claim 9 wherein the third opening acts as an aperture stop for

the third camera.



11. The system of claim 10 wherein the third opening acts as the smallest aperture

stop for the third camera.

12. The system of claim i wherein light sources of the primary lighting subsystem

are light emitting diodes.

13. The system of claim 12 wherein the light emitting diodes are adapted to emit

Cyan light.

14. The system of claim 12 wherein the light emitting diodes are adapted to emit

light having a wavelength in the range from 490 nm to 530 nm.

15. The system of claim 14 wherein the light emitting diodes are adapted to emit

light having a wavelength in the range from 500 nm to 510 nm.

16. The system of claim 15 wherein the light emitting diodes are adapted to emit

light having a wavelength of about 505 nm.

17. The system of claim 1 further comprising a secondary lighting subsystem that

directly illuminates the moving object, wherein the secondary lighting subsystem

includes light sources aimed directly at the moving object.

18. The system of claim 17 wherein the controller selectively activates one or more

of the primary lighting subsystem and the secondary lighting subsystem.



19- The system of claim 18 wherein the controller selectively adjusts the intensity

of the light sources of the primary lighting subsystem and the light sources of the

secondary lighting subsystem.
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