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OPTICAL INSPECTING APPARATUSWITH AN OPTICAL
SCREENING DEVICE

BACKGROUND OF INVENTION
1. FIELD OF INVENTION

[0001] The present invention relates to optical inspection and, more
particularly, to an optical inspecting apparatus that receives only primary
reflected light from a plate.
2. RELATED PRIORART

[0002] Referringto FIG. 1, aconventional mask-inspecting apparatus
Is equipped with an optical inspecting apparatus that includes a light source
L and a photo sensor C such as a charge-coupled device (“CCD”) or a
complementary metal-oxide semiconductor (“CMOS’). Thelight source L
casts light (the “incident light”) Lo onto aface P1 of atransparent plate P.
The face P1 reflects the incident light Lo and transmits reflected light Lr
(the “primary reflected light Lr1") to the photo sensor C. There are an
incident angle 61 between the incident light Lo and a normal line of the face
P1 and a reflection angle 02 between the primary reflected light Lr1 and the
normal line of the face P1. The incident angle 01 is identical to the
reflection angle 62. The photo sensor C receives and processes the primary
reflected light Lrl from the face P1 to detect any stain on the face P1.

[0003] However, according to Snell's Law, some of the incident light
Lo (the “light Lc”) goes through the face P1 and gets refracted, and then
reaches another face P2 of the transparent plate P Some of thelight Lc
getsreflected from theface P2. Some of the light reflected from the face
P2 gets refracted by the face P1 and becomes secondary reflected light Lr2.

Such a process continues until the light is too weak to be detected by the
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photo sensor C.

[0004] Referring to FIG. 2, there are superimposed images because
the photo sensor C receives the secondary reflected light Lr2 or any other
light reflected from the face P2 and refracted by the face P1 in addition to
the primary reflected light Lrl. For example, thereisastain A on the face
P1, and thereisastain B ontheface P2. The photo sensor C detects both
of thestainsA and B. Hence, the stain A on the face P1 cannot be detected
effectively. In addition, it is difficult to determine the focal length since the
plate Pis atransparent e ement without any reference point, and this further
reduces the efficiency of the inspection.

[0005] To overcome the above-mentioned problem, there has been an
attempt to enlarge the scanned range and delete the superimposed images by
providing alinear light source to cast light onto the transparent plate P, with
the incident angle 61 set to be about 85 degrees, i.e., the incident light Lo is
closeto theface P1. This approach keeps the photo sensor C from any
secondary reflected light. However, the shadow of astain islonger asthe
incident angle 01 is smaller, and a long shadow renders it difficult to
determine the size of the stain. Moreover, it is difficult for the incident
light to produce an image of a planar stain such as atomization, grease or
fingerprint if the incident angle is small.

[0006] To solve the foregoing problem, there has been an attempt to
provide the optical inspecting apparatus with two light sources. This
approach solves the problem of migudging of thesize of astain. However,
this inevitably increases the cost of the optical inspecting apparatus.

[0007]  The present invention is therefore intended to obviate or at

least alleviate the problems encountered in prior art.
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SUMMARY OF INVENTION

It is an objective of the present invention to provide an optical
Inspecting apparatus with an optical screening device.

To achieve the foregoing objective, the optical screening device
includes abox and alight source. The box includes two chambers. The
first chamber includes an incident passageway made with an exit. The
second chamber includes a reflection passageway made with an entrance
and an exit. Thelight sourceisinserted in the first chamber and adapted
for casting incident light onto afirst face of an inspected object located out
of the box through the exit of the incident passageway so that primary
reflected light goes into the second chamber from the first face of the
inspected object via the entrance of the reflection passageway and goes out
of the second chamber through the exit of the reflection passageway. The
entrance of the reflection passageway is made with small width to allow
only the primary reflected light to enter the second chamber.

It is another objective of the present invention to provide an effective
inspecting apparatus.

To achieve the foregoing objective, the optical inspecting apparatus
includes alight source, a photo sensor and an optical screening device.
The light source castsincident light onto a face of an inspected object so that
the face of the inspected object provides primary reflected light and at |east
secondary reflected light. The optical screening device allows the primary
reflected light to reach the photo sensor but blocks the secondary reflected
light.

Other objectives, advantages and features of the present invention will

be apparent from the following description referring to the attached
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drawings.
BRIEF DESCRIPTION OF DRAWINGS

The present invention will be described via detailed illustration of
embodiments in view of the prior art referring to the drawings wherein:

FIG. 1lisafront view of aconventional optical inspecting apparatus;

FIG. 2 isan image of atransparent plate obtained by the conventional
optical inspecting apparatus shown in FIG. 1,

FIG. 3isafront view of an optical inspecting apparatus according to a
first embodiment of the present invention;

FIG. 4 isafront view of an optical inspecting apparatus according to a
second embodiment of the present invention,

FIG. 5isafront view of a machine including the optical inspecting
apparatus shown in FIG. 3;

FIG. 6 isafront view of another machine including two optical
Inspecting apparatuses as shown in FIG. 3;

FIG. 7 isafront view of atransparent plate inspected by the optical
inspecting apparatus shown in FIG. 3; and

FIG. 8 isan image of the transparent plate obtained by the optical
inspecting apparatus shown in FIG. 7.
DETAILED DESCRIPTION OF EMBODIMENTS

[0008] Referringto FIG. 3, an object 60 for use in a semiconductor

device, apanel or a package can be inspected by an optical apparatus that
includes an optical screening device 10 according to afirst embodiment of
the present invention. The inspected object 60 can be a mask, a substrate
or apanel made of glassor quartz. The optical screening device 10

includes abox 11 and alight source 12.
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[0009] Thebox 11 includes two chambers 111 and 112, an incident
passageway 13 in the chamber 111, and areflection passageway 16 in the
chamber 112. Theincident passageway 13 includes an exit 131 in
communication with the chamber 111. The width of the exit 131 of the
incident passageway 13 is preferably 0.1 to 0.5 mm. The reflection
passageway 16 includes an entrance 161 in communication with the
chamber 112 and an exit 162 in communication with the chamber 112.

The entrance 161 of the reflection passageway 16 is preferably made with
width of 0.1to 0.5 mm. Theexit 162 of the reflection passageway 16 is
preferably made with width of 0.2 to 20 mm.

[0010]  Theoptical screening device 10 includes asingle box 11 that
includes two chambers 111 and 112 in the preferred embodiment.
However, the optical screening device 10 can include two boxes, with each
of the boxes including a single chamber in another embodiment.

[0011] Thelight source 12 can be a halogen lamp, and LED lamp, a
high-frequency fluorescent lamp, a metal lamp, a xenon lamp or alaser lamp
that emits visible or invisible light that can be detected by a charge-coupled
device (“CCD") or a complementary metal-oxide semiconductor (“CMOS").
The light source 12 isinserted in the chamber 111.

[0012] Thelight source 12 castslight.  Some of the light cast from
the light source goes out of the chamber 111 through the exit 131 of the
incident passageway 13 and will be referred to as the “incident light Lo” in
the following description.  Then, the incident light Lo reaches afirst face
of the inspected object 60 at an incident angle 61 measured from a normal
line of the first face of the inspected object 60. The incident angle 61 is

preferably 15 to 45 degrees and, more preferably, 27 to 33 degrees. The
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width of the exit 131 of the incident passageway 13is 0.1 to 0.5 mm.

[0013] Thefirst face of the inspected object 60 reflects some of the
incident light Lo and hence provides primary reflected light Lrl at a
reflection angle 02 identical to the incident angle 1. The primary reflected
light Lrl enters the chamber 112 viathe entrance 161 of the reflection
passageway 16. Where the inspected object 60 is a transparent plate, the
entrance 161 of the reflection passageway 16 is only wide enough to let the
primary reflected light Lr1 into the chamber 112 from the first face of the
transparent plate P. Thebox 11 blocks secondary reflected light Lr2 or any
other light reflected from a second face of the inspected object 60 and
refracted by the first face of the inspected object 60. The width of the exit
162 of the reflection passageway 16 is made according to the width and
position of the entrance 161. Preferably, the width of the exit 162 of the
reflection passageway 16 is made larger than that of the entrance 161.

[0014] Referringto FIG. 4, thereis an optical screening device 10
according to a second embodiment of the present invention. The second
embodiment isidentical to the first embodiment except for including two
adjusting unitsin addition. The first adjusting unit islocated in the
chamber 111 to control the width and position of the exit 131. The second
adjusting unit is located in the chamber 112 to control the width and position
of the entrance 161.

[0015]  Thefirst adjusting unit includes two extensible visors 141 and
142 and at least one driving element 145.  Each of the extensible visors 141
and 142 ismovable by the driving element 145. Thus, the position and
width of the exit 131 of the incident passageway 13 are adjustable. Hence,

the incident angle 61 can be adjusted by changing the position of the exit
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131 of the incident passageway 13. The position of the exit 131 of the
incident passageway 13 is set so that the incident angle 01 is 15 to 45
degrees. Thewidth of the incident light Lo can be adjusted by changing
the width of the exit 131 of the incident passageway 13. The width of the
exit 131 of the incident passageway 13 is preferably 0.1 to 0.5 mm.

[0016] Similarly, the second adjusting unit includes two extensible
visors 171 and 172 and at least one driving element 175. Each of the
extensible visors 171 and 172 is movable by the driving element 175. Thus,
the position and width of the entrance 161 of the reflection passageway 16
are adjustable. Hence, the reflection angle 62 can be adjusted by changing
the position of the entrance 161 of the reflection passageway 16. The
position of the entrance 161 of the reflection passageway 16 is set so that the
reflection angle 02 is 15 to 45 degrees. The width of the primary reflected
light Lr1l can be adjusted by changing the width of the entrance 161 of the
reflection passageway 16. The width of the entrance 161 of the reflection
passageway 16 is preferably 0.1 to 0.5 mm.

[0017] Referringto FIG. 5, an optical inspecting machine includes a
frame 50, aworktable 51 supported on the frame 50, a carrier 52 movable on
the worktable 51, and a single optical inspecting apparatus 55 located above
the worktable 51. Aninspected object 60 islaid on the carrier 52.  Only
an upper face of the inspected object 60 is inspected at atime.

[0018] Theoptical inspecting apparatus 55 includes an optical
screening device 10 and a photo sensor 56.  The photo sensor 56 isa
charge-coupled device (“CCD”) or a complementary metal-oxide
semiconductor (“CMOS’) element for example. Thereisan incident angle

01 between the incident light cast from the light source 12 of the optical
7



10

15

20

25

screening device 10 and anormal line of the upper face of the inspected
object 60. There is a reflection angle 62 of the reflected light received by
the photo sensor 56 and the normal line. The incident angle 01 is identical
to the reflection angle 62. The light source 12 and the photo sensor 56 are
electrically connected to a processing unit 70 for calculating, comparing and
analyzing data. The processing unit 70 includesadisplay 75. The
processing unit 70 is used to control the intensity of the incident light cast
from the light source 12 and show an image of the inspected object 60 based
on the reflected light received by the photo sensor 56 on the display 75.
Thus, the position, size, shape and type of any stain on the inspected object
60 can be determined.

[0019] Referring to FIG. 6, an optical inspecting machine can be
equipped with two optical inspecting apparatuses 55. One of the optical
inspecting apparatuses 55 is located above the worktable 51 while the other
optical inspecting apparatus 55 is located below the worktable 51.  Thus,
upper and lower faces of the inspected object 60 are inspected at atime.

[0020] Referringto FIGS. 5, 7 and 8, the optical inspecting machineis
used to detect any stain on the upper face of the inspected object 60. As
mentioned above, the inspected object 60 is located on the carrier 52 of the
frame 50 so that the carrier 52 is movable on the worktable 51.  The
processing unit 70 is used to make the light source 12 of the optical
screening device 10 to cast light.  Some of the light goes out of the
chamber 111 of the box 11 through the exit 131 of the incident passageway
13 of and becomes the incident light Lo cast onto the upper face of the
inspected object 60. Some of the incident light Lo gets reflected from the

upper face of the inspected object 60 and becomes the primary reflected
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light Lrl. The incident angle 61 is identical to the reflection angle 02.

The primary reflected light Lr1 enters the box 11 viathe entrance 161 of the
reflection passageway 16 and leaves the box 11 through the exit 162 of the
reflection passageway 16 of the chamber 112. The photo sensor 56
receives the primary reflected light Lrl. Due to the limited width of the
entrance 161 of the reflection passageway 16, the chamber 112 of the box 11
Is kept clear of the secondary reflected light Lr2 and any other light reflected
from the lower face of the inspected object 60 and refracted by the upper
face of the inspected object 60. Thus, the secondary reflected light Lr2 and
any other light reflected from the lower face of the inspected object 60 and
refracted by the upper face of the inspected object 60 isblocked. Only a
stain A on the upper face of the inspected object 60 is shown on the image
of the inspected object 60 produced by the photo sensor 56.  No stain on
the lower face of the inspected object 60 is shown on the image of the
inspected object 60 produced by the photo sensor 56.

[0021]  The photo sensor 56 receives the primary reflected light Lrl
from every region of the upper face of the inspected object 60 while the
carrier 52 continuously moves the inspected object 60.  All of the energy of
the primary reflected light Lr1 is converted into charge. The stronger the
primary reflected light Lrl is, the larger the chargeis. Theintensity of the
primary reflected light Lr1 is determined according to the quantity of the
charge. Theintensity of the primary reflected light Lrl from aregion of
the upper face of the ingpected object 60 is relatively low if thereisastain
ontheregion. Thus, theintensity of the primary reflected light Lr1 sent to
the photo sensor 56 from all regions of the upper face of the inspected

object60 is processed to provide an image of the entire upper face of the
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inspected object 60 to determine the position, size, shape and type of any
stain on the upper face of the inspected object 60.

[0022]  Asdiscussed above, with the incident passageway 13 and the
reflection passageway 16 of the optical screening device 10, only the
primary reflected light Lrl from the upper face of the inspected object 60
reaches the reflected from the lower face of the inspected object 60 and
refracted by the upper face of the inspected object 60 is blocked. Thus, no
stain on the lower face of the inspected object 60 is shown on the image of
the upper face of the inspected object 60. Hence, the position, size, shape,
position and type of any stain on the upper face of the inspected object 60
can be effectively determined. Moreover, planar contaminant such as
atomization, grease, fingerprint or cracks can be detected.

[0023]  The present invention has been described viaillustration of the
embodiments. Those skilled in the art can derive variations from the
embodiments without departing from the scope of the present invention.
Therefore, the embodiments shall not limit the scope of the present

invention defined in the claims.
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CLAIMS
1. Anoptical screening device comprising:
abox comprising:
afirst chamber comprising an incident passageway made with an exit;
and
a second chamber comprising areflection passageway made with an
entrance and an exit;
alight source inserted in the first chamber and adapted for casting
incident light onto aface of an inspected object located out of the box
through the exit of the incident passageway so that primary reflected
light goes into the second chamber from the face of the inspected
object viathe entrance of the reflection passageway and goes out of
the second chamber through the exit of the reflection passageway;
wherein the entrance of the reflection passageway is made with small
width to allow only the primary reflected light to enter the second

chamber.

2. Theoptical screening device according to claim 1, wherein the light

source is selected from the group consisting of a halogen lamp, an LED
lamp, a high-frequency fluorescent lamp, a metal lamp, axenon lamp or

alaser lamp.

3. Theoptical screening device according to clam 1, wherein the incident

passageway is arranged so that the incident light reaches the face of the

Inspected object at an incident angle of 15 to 45 degrees.

4. The optical screening device according to claim 1, further comprising an

adjusting unit provided in the first chamber and operable to adjust the

position and width of the exit of the incident passageway.
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10.

11.

12.

13.

The optical screening device according to claim 4, wherein the adjusting

unit comprises two extensible visors.

The optical screening device according to claim 5, wherein the adjusting

unit further comprises a motor for driving the extensible visors.

The optical method according to claim 1, wherein the exit of the incident

passageway is made with width of 0.1 to 0.5 mm.

The optical screening device according to claim 1, further comprising an

adjusting unit provided in the second chamber and operable to adjust the

position and width of the entrance of the reflection passageway.

The optical screening device according to claim 8, wherein the adjusting

unit comprises two extensible visors.

The optical screening device according to claim 9, wherein the adjusting

unit further comprises amotor for driving the extensible visors.

The optical method according to claim 1, wherein the entrance of the

reflection passageway is made with width of 0.1 to 0.5 mm.

The optical method according to claim 1, wherein the exit of the

reflection passageway is made with width of 0.2 to 20 mm.

An optical inspecting machine comprising:

aframe;

aworktable supported on the frame;

acarrier operable for carrying an inspected object on the worktable; and

at least one optical inspecting apparatus for inspecting at least one face
of the inspected object, wherein the optical inspecting apparatus
comprises the optical screening device accordingtoclam 1 and a
photo sensor for receiving the primary reflected light from the

Inspected object through the optical screening device.
12



14. An optical inspecting apparatus comprising:
alight source for casting incident light onto a face of an inspected object
so that the face of the inspected object provides primary reflected
light and at least secondary reflected light;
a photo sensor; and
an optical screening device for allowing the primary reflected light to

reach the photo sensor but blocking the secondary reflected light.
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