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(57) ABSTRACT 

A laser beam oscillated from a laser source is folded in its 
path by ?rst and second plane mirrors and enters a beam 
expander. The surface of each plane mirror is deteriorated 
With illumination by the laser beam and the re?ectance is 
reduced. To avoid a light quantity of the laser beam entering 
the beam expander from being reduced beloW a reference 
value, When the laser beam is illuminated over a certain 
time, a position on each of the ?rst and second plane mirrors 
at Which the laser beam is illuminated is changed by a 
structure for rotating and/or translating a re?ecting surface 
of each plane mirror on a plane, Which includes the plane 
mirror, While an optical axis is kept same. The useful life of 
each plane mirror can be prolonged Without displacing the 
optical axis itself by overcoming the problem that When the 
laser beam is employed as the light source and a thin beam 
With a high illumination density is illuminated to the same 
position on each of the ?rst and second plane mirrors for a 
long time, the surface of the plane mirror is deteriorated, the 
re?ectance is reduced, and the light quantity cannot be held 
at a required level. 
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OPTICAL DEFECT INSPECTION APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to an apparatus and a 
method for inspecting an object to be inspected (i.e., an 
inspection target). More particularly, the present invention is 
adapted for an optical defect inspection apparatus and 
method for inspecting foreign matters, defects, etc. on 
inspected objects in manufacturing processes of, e.g., semi 
conductor devices, ?at panel displays, magnetic disks, and 
masks. 

[0003] 2. Description of the Related Art 

[0004] The capability of detecting ?ner defects is 
demanded in an optical defect inspection apparatus for 
illuminating a light to an object to be inspected, such as a 
semiconductor device and a ?at panel display, and measur 
ing the light re?ected or scattered from the object. To meet 
such a demand, using a light source With higher luminance 
is required and a laser beam is mainly used as the light 
source. One knoWn inspection apparatus using the laser 
beam is disclosed in Patent Document 1 (JP,A 2005 
156537). On the other hand, With an increase of needs for 
uni?ed management of inspection conditions, stability and 
reproducibility of the inspection apparatus are also 
demanded in addition to higher detection sensitivity. 

1. Field of the Invention 

[0005] When a laser beam is employed as the light source, 
a thin beam With a high illumination density has to be used 
until reaching an ND (Neutral Density) ?lter, Which is used 
to adjust the light quantity (intensity), due to the necessity of 
avoiding an increase in siZe of an ND ?ler mechanism. Also, 
from the vieWpoint of ensuring ?exibility in apparatus 
layout, the inspection apparatus is usually constructed such 
that a thin beam With a high illumination density is re?ected 
several times Within an apparatus housing by re?ecting 
mirrors (plane mirrors). In such a case, When the laser beam 
is illuminated to the same position of the plane mirror for a 
long time, there occurs a problem in stability that the mirror 
surface in an illuminated area is deteriorated, the re?ection 
is reduced, and the illumination intensity cannot be held at 
a required level. 

[0006] If the re?ectance is reduced, the plane mirror has to 
be replaced. After the replacement, a slight deviation of an 
optical axis is unavoidable. To compensate for such a 
deviation of the optical axis, Patent Document 2 (JP,A 
2004-45111) discloses the provision of a mechanism for 
changing an angle of a plane mirror. 

[0007] Further, in addition to the above-mentioned change 
of the illumination intensity due to deterioration of the plane 
mirror, dust generated from an actuator and a variation of the 
focal length caused by ?exing of the inspected object 
become factors acting to reduce stability and reproducibility 
of the inspection apparatus. One example of actuators hav 
ing a structure to cope With generation of dust is disclosed 
in Patent Document 3 (JP,A 7-235579). 

SUMMARY OF THE INVENTION 

[0008] For the purpose of avoiding intricate adjustment of 
the optical axis, the knoWn apparatus is constructed such that 
the laser beam is illuminated to the same point on the plane 
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mirror (re?ecting mirror). HoWever, replacing the plane 
mirror Whenever its re?ection is reduced causes a problem 
in point of cost e?iciency. Also, changing the laser illumi 
nated point on the plane mirror to avoid frequent replace 
ment is not easy to practice in the knoWn apparatus. 

[0009] An object of the present invention is to prolong the 
useful life of a plane mirror (each of ?rst and second plane 
mirrors) Without displacing an optical axis itself, taking into 
account the above-described problem that When a laser beam 
is employed as the light source and a thin beam With a high 
illumination density is illuminated to the same position on 
each of the ?rst and second plane mirrors for a long time, the 
surface of the plane mirror is deteriorated, the re?ectance is 
reduced, and the light quantity cannot be held at a required 
level. 

[0010] With a progress toWard ?ner patterns of semicon 
ductor devices, the presence of dust in manufacturing and 
inspection steps of the semiconductor devices, particularly, 
in steps of processing an object (Wafer) to be inspected, 
gives a signi?cant in?uence upon a yield of products. In a 
processing apparatus and an inspection apparatus used in the 
Wafer processing steps, therefore, it is desired that no dust is 
generated from the apparatuses. The generation of dust 
causes deposition of foreign matters on the inspected object 
during transport and inspection thereof, and deteriorates 
reproducibility of the inspection apparatus. Among various 
dust sources, in particular, actuators used in various mecha 
nisms and tending to easily generate poWdery dust With 
sliding give rise to serious in?uences, and therefore they are 
desired to be kept from generating dust. 

[0011] Besides the actuator disclosed in Patent Document 
3, another knoWn actuator for a linearly reciprocating device 
is shoWn in FIG. 14. The knoWn actuator for the linearly 
reciprocating device of FIG. 14 has the problem that dust 
generated inside a cylinder 803 is discharged together With 
pressurized air leaking through a clearance betWeen a piston 
rod 805 and a seal ring 807. 

[0012] In order to avoid the above problem, a dust col 
lection chamber 803C for collecting the pressurized air 
including generated dust is required to be disposed around 
the piston rod 805 and the seal ring 807. The provision of the 
dust collection chamber 803C signi?cantly limits layout of 
a vacuum source 821 and a line 819, Which are also arranged 
nearby for evacuation. There is hence a demand for a 
linearly reciprocating device Which can suppress the gen 
eration of dust Without needing the vacuum source and the 
line for evacuation. 

[0013] Further, in a manufacturing process of a 300-mm 
Wafer, the rear surface of the Wafer is also ?nished to a 
mirror-smooth surface. HoWever, deposited foreign matters 
and protrusive defects on the rear surface deteriorate ?atness 
of the front surface and cause abnormal focusing of exposed 
light in the lithography step. Also, the foreign matters 
deposited on the rear surface may shift to the front surface 
and reduce a yield in some cases. For that reason, the 
function of detecting defects on the rear surface is 
demanded. 

[0014] For inspecting the rear surface of an inspected 
object, it is required to hold the inspected object at the edge 
thereof and inspect the rear surface in a non-contact manner. 
HoWever, because there are no contact portions to support 
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the rear surface of the inspected object, a reduction may 
occur in ?atness of the inspected object, or ?exing of the 
inspected object itself may occur. Accordingly, the height of 
the front surface of the inspected object is deviated from the 
focal length of an optical system, thus deteriorating stability 
and reproducibility of the inspection apparatus, such as a 
reduction of sensitivity, a larger variation of sensitivity, and 
degradation in accuracy of coordinates set on the inspected 
object. Improvement of the ?atness and compensation of the 
?exing have been practiced by a method of spraying gas 
With high cleanness to the rear surface of the inspected 
object and compensating for the ?exing of the inspected 
object by the action of gas pressure. At a level of sensitivity 
having been required so far, such a method can hold a 
variation in the height of the front surface of the inspected 
object Within the focal range of the optical system and can 
realiZe a measurement that satis?es the required levels of the 
sensitivity variation and the coordinate accuracy. With a 
trend toWard higher sensitivity of the defect inspection 
apparatus, hoWever, higher ?atness of the inspected object is 
demanded. 

[0015] Generally, the higher sensitivity, the shalloWer is 
the focal depth of the optical system. This means that, at the 
level of ?atness Which has been used so far, a local deviation 
of the focal position is caused on the front surface of the 
inspected object, thus resulting in a variation and reduction 
of sensitivity on the front surface of the inspected object, as 
Well as degradation of the coordinate accuracy for the 
detected foreign matters. Further, the method of spraying gas 
to the rear surface of the inspected object and compensating 
for the ?exing thereof has a limitation on ?atness that can be 
realiZed. In addition, that method requires complicated con 
trol for spraying gas so as to be adapted for a variety of 
inspected objects which differ in ?lm type, thickness, crystal 
aZimuth, extent of Warp, etc. To overcome those problems, 
a system capable of alWays compensating for the deviation 
of the focal position on the front surface of the inspected 
object is demanded. 

[0016] To overcome the above problems and to achieve 
the above object, the present invention is featured in pro 
viding one or more mechanisms capable of moving a beam 
illuminated position on each of a ?rst re?ecting mirror and 
a second re?ecting mirror, Which re?ect an illuminated laser 
beam, and changing a position of re?ection on the re?ecting 
mirror With one or both of rotation and translation of the 
re?ecting mirror on a re?ecting including the re?ecting 
mirror While an optical axis itself is kept same, thereby 
alloWing the use of a position on the re?ecting mirror Where 
the re?ectance is not reduced. Also, those mechanisms can 
be realiZed With a manual, automatic or programmed Way 
based on the illumination intensity measured before and 
behind the re?ecting mirror. 

[0017] One feature of the present invention resides in an 
optical defect inspection apparatus including a beam de?ec 
tion mechanism comprising a laser source, a ?rst re?ecting 
mirror for re?ecting a laser beam emitted from the laser 
source at a predetermined angle, and a second re?ecting 
mirror for re?ecting again the laser beam re?ected by the 
?rst re?ecting mirror and producing a laser beam Which 
advances in a predetermined direction With respect to the 
laser beam emitted from the laser source, Wherein the optical 
defect inspection apparatus further includes a re?ecting 
mirror moving mechanism for moving at least one of the ?rst 
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re?ecting mirror and the second re?ecting mirror While an 
angle of incidence and an angle of re?ection of the laser 
beam are maintained same. 

[0018] Another feature of the present invention resides in 
that at least one of the predetermined angle at Which the laser 
beam is re?ected by the ?rst re?ecting mirror and the 
predetermined angle at Which the laser beam is re?ected by 
the second re?ecting mirror is substantially 90 degrees, and 
the re?ecting mirror moving mechanism moves at least one 
of the ?rst re?ecting mirror and the second re?ecting mirror 
such that a re?ecting surface of the moved re?ecting mirror 
is kept in a substantially parallel condition. 

[0019] Still another feature of the present invention resides 
in that at least one of the predetermined angle at Which the 
laser beam is re?ected by the ?rst re?ecting mirror and the 
predetermined angle at Which the laser beam is re?ected by 
the second re?ecting mirror is substantially 90 degrees, and 
the re?ecting mirror moving mechanism rotates at least one 
of the ?rst re?ecting mirror and the second re?ecting mirror 
such that a re?ecting surface of the moved re?ecting mirror 
is rotated substantially parallel. 

[0020] Still another feature of the present invention resides 
in that the re?ecting mirror moving mechanism includes a 
mechanism for linearly moving at least one of the ?rst 
re?ecting mirror and the second re?ecting mirror such that 
the re?ecting surface of the moved re?ecting mirror is kept 
in a substantially parallel condition. 

[0021] Still another feature of the present invention resides 
in that the optical defect inspection apparatus further 
includes a light quantity measuring mechanism for measur 
ing a light quantity of the laser beam re?ected by at least one 
of the ?rst re?ecting mirror and the second re?ecting mirror. 

[0022] Still another feature of the present invention resides 
in a defect inspection apparatus including a linearly moving 
device Which comprises a cylinder having a piston chamber 
and a dust collection chamber Which are formed therein 
adjacent to each other, a piston disposed in the piston 
chamber to be able to slide and reciprocate therein, a piston 
rod ?xed to the piston and extended to the outside of the 
cylinder after penetrating through an adjacent Wall and the 
cylinder, and a biasing spring disposed in the piston chamber 
and acting to press the piston in a direction toWard the dust 
collection chamber, Wherein the piston is operated such that 
the piston is moved against the biasing spring by pressurized 
air supplied to one side of the piston chamber divided by the 
piston and is pushed back by a resilient force of the biasing 
spring, and gas in the dust collection chamber is moved 
toWard the other side of the piston chamber in Which 
pressure is loWered With an increase of a space volume 
corresponding to the pushed-back movement of the piston. 

[0023] Still another feature of the present invention resides 
in that the linearly moving device employs, as the biasing 
spring, a compression-type biasing spring and the compres 
sion-type biasing spring is built in the other side of the piston 
chamber. 

[0024] Still another feature of the present invention resides 
in a defect inspection apparatus including a linearly moving 
device Which comprises a cylinder having a piston chamber 
and a dust collection chamber Which are formed therein 
adjacent to each other, a piston disposed in the piston 
chamber to be able to slide and reciprocate therein, a piston 
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rod ?xed to the piston and extended to the outside of the 
cylinder after penetrating through an adjacent Wall Within 
the cylinder and an outer Wall of the dust collection chamber, 
a biasing spring disposed in one side of the piston chamber 
divided by the piston and acting to press the piston in a 
direction toWard the dust collection chamber, a pressurized 
air pump for supplying pressurized air to the other side of the 
piston chamber in Which the biasing spring is not disposed 
(i.e., a biasing spring not-built-in chamber), a pressurized air 
tube alloWing passage of the pressurized air therethrough, a 
?oW sWitching solenoid valve disposed in the pressurized air 
tube, a discharge tube communicating With the one side of 
the piston chamber in Which the biasing spring is disposed 
(i.e., a biasing spring built-in chamber), a ?lter disposed in 
the discharge tube and ?ltering out dust in discharged gas, 
and a dust-collection-chamber discharge tube for commu 
nicating the dust collection chamber With the aforesaid 
discharge tube or the biasing spring built-in chamber, 
Wherein a check valve for the dust-collection-chamber dis 
charge tube is disposed in the dust-collection-chamber dis 
charge tube to check a gas ?oW directing from the biasing 
spring built-in chamber toWard the dust collection chamber, 
and a check valve for the discharge tube is disposed in the 
discharge tube to check a gas ?oW directing from the ?lter 
toWard the biasing spring built-in chamber. 

[0025] Still another feature of the present invention resides 
in that, in any of the above-described defect inspection 
apparatuses each including the linearly moving device, the 
piston operates a Wafer clamping mechanism or a Wafer 
handling/carrying mechanism. 

[0026] Still another feature of the present invention resides 
in that, in any of the above-described defect inspection 
apparatuses each including the linearly moving device, the 
pressurized air pump and the ?oW sWitching solenoid valve 
are disposed in a doWn ?oW area Which is not subjected to 
dust cleaning, While other components than the pressurized 
air pump and the ?oW sWitching solenoid valve are disposed 
in a clean ?oW area Which is subjected to dust cleaning. 

[0027] Still another feature of the present invention resides 
in a defect inspection apparatus comprising a light illumi 
nating unit for illuminating a light to an object to be 
inspected, a ?rst light detecting unit of an optical system for 
detecting a light scattered from the inspected object, an 
inspected object moving unit for moving the inspected 
object such that a position on the inspected object illumi 
nated by the light from the light illuminating unit is changed, 
an inspected object holding unit for holding the inspected 
object, and a focal position aligning unit for detecting the 
light illuminated from the light illuminating unit and 
re?ected by the inspected object, obtaining height informa 
tion of a surface of the inspected object, and aligning a focal 
position of the ?rst light detecting unit of the optical system 
based on the obtained information. 

[0028] Still another feature of the present invention resides 
in that, in any of the above-described defect inspection 
apparatuses, the focal position aligning unit includes a 
second light detecting unit for detecting the light illuminated 
from the light illuminating unit and re?ected by the 
inspected object, and a control system for executing control 
based on height information, Which is detected by the second 
light detecting unit and is fed back, such that the focal 
position and the surface of the inspected object are held at 
the same height. 
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[0029] Still another feature of the present invention resides 
in, in any of the above-described defect inspection appara 
tuses, further comprising a light quantity optimizing unit for 
optimizing a quantity of the re?ected light from the 
inspected object by an optical element, etc. 

[0030] Still another feature of the present invention resides 
in that, in any of the above-described defect inspection 
apparatuses, the inspected object is supported at an outer 
peripheral edge thereof by the inspected object holding unit, 
thereby enabling the inspected object to be inspected While 
a rear surface of the inspected object is kept in a non-contact 
state. 

[0031] Still another feature of the present invention resides 
in that, in any of the above-described defect inspection 
apparatuses, the focal position is aligned by combined 
control of an operation of vertically moving the inspected 
object holding unit and an operation of spraying the gas 
toWard the rear surface thereof. 

[0032] Still another feature of the present invention resides 
in that, in any of the above-described defect inspection 
apparatuses, the inspected object is tWo-dimensionally 
moved by moving the inspected object in one direction 
While the inspected object is rotated. 

[0033] According to the one feature of the present inven 
tion, since the re?ecting mirror is provided With the trans 
lation mechanism and the rotation mechanism both causing 
no displacements of the optical axis, frequency of part 
replacement can be reduced and alignment of the optical 
axis of the re?ecting mirror can be dispensed With. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a diagram shoWing the construction of an 
illumination optical system according to a ?rst embodiment 
of the present invention; 

[0035] FIG. 2 is a schematic vieW shoWing the construc 
tion of a plane mirror moving mechanism according to the 
?rst embodiment of the present invention; 

[0036] FIG. 3 is a diagram for explaining one practical 
operation of the plane mirror moving mechanism and a 
control unit according to the ?rst embodiment of the present 
invention; 
[0037] FIG. 4 illustrates a setting screen Which is used to 
set deterioration diagnosis conditions for a plane mirror in 
the ?rst embodiment of the present invention; 

[0038] FIG. 5 illustrates a setting screen Which displays a 
history record in the ?rst embodiment of the present inven 
tion; 
[0039] FIG. 6 is a schematic plan vieW shoWing the 
construction of a surface inspection apparatus according to 
a second embodiment of the present invention; 

[0040] FIG. 7 is a schematic vieW for explaining a mecha 
nism for gripping an object to be inspected according to the 
second embodiment of the present invention; 

[0041] FIG. 8 is a schematic vieW shoWing the construc 
tion of a linearly reciprocating device according to the 
second embodiment of the present invention; 

[0042] FIGS. 9A and 9B are schematic vieWs for explain 
ing the operation of the linearly reciprocating device accord 
ing to the second embodiment of the present invention; 
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[0043] FIG. 10 is a schematic vieW showing the construc 
tion of a Wafer surface inspection apparatus according to the 
second embodiment of the present invention; 

[0044] FIG. 11 is a schematic vieW showing a chuck of an 
inspected-object holding unit according to the second 
embodiment of the present invention; 

[0045] FIG. 12 is a circuit diagram for explaining control 
of the height of the inspected object surface, Which is 
performed by feed-backing information about the height of 
the inspected object surface to a control system; 

[0046] FIGS. 13A and 13B are schematic vieWs shoWing 
light quantity adjusting unit according to the second embodi 
ment of the present invention; and 

[0047] FIG. 14 is a schematic vieW of a knoWn linearly 
reciprocating device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0048] A ?rst embodiment of the present invention Will be 
?rst described in detail beloW With reference to the draW 
ings. A defect inspection apparatus of the ?rst embodiment 
is intended to suppress variations of conditions, such as a 
reduction of light quantity (intensity) caused by deteriora 
tion of a plane mirror (re?ecting mirror), With the provision 
of a translation mechanism and/or a rotation mechanism, 
Which does not displace an optical axis of the plane mirror, 
in an optical system. 

[0049] FIG. 1 schematically shoWs the construction of an 
illumination optical system according to the ?rst embodi 
ment of the present invention. The illumination optical 
system primarily comprises a laser source 3 for emitting an 
illumination light, e.g., a visible or ultraviolet laser beam, a 
beam de?ection mechanism 4 made up of a plurality of pane 
mirrors, such as a ?rst plane mirror (re?ecting mirror) 4a 
and a second plane mirror (re?ecting mirror) 4b, for de?ect 
ing the direction of advance of an oscillated later beam L1, 
an ND ?lter 6 for adjusting a light quantity, an expander 5 
for adjusting a beam diameter, a beam splitter 30 for splitting 
the laser beam L1, an object lens 11 for shaping the beam 
shape of the laser beam L1 advancing along one of split 
paths and illuminating it to the surface of an object 2 to be 
inspected, a beam pro?le observation camera 31 for picking 
up an image of the laser beam L1 advancing along the other 
split path, and a host computer 71 for controlling the entirety 
of the inspection apparatus. 

[0050] The ?rst plane mirror 4a is arranged to re?ect the 
laser beam L1 at a predetermined angle. The second plane 
mirror 4b is arranged to re?ect again the laser beam L1, 
Which has been re?ected by the ?rst plane mirror 4a, at a 
predetermined angle so that the laser beam L1 advances in 
a predetermined direction With respect to the direction in 
Which the laser beam L1 Was emitted from the laser source 
3. In this ?rst embodiment, the laser beam L1 is re?ected at 
an angle of substantially 90° tWo times. Such an uneven 
parallel arrangement of the laser source 3 and the optical 
elements is advantageous in improving maintainability, e.g., 
adjustment of the optical system and replacement of the 
laser source 3 after expiration of its life. 
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[0051] Those tWo angles of re?ection of the laser beam L1 
are not limited to 90° or thereabout. It is just enough that at 
least one of the tWo angles of re?ection of the laser beam L1 
is substantially 90°. When the angle of re?ection of the laser 
beam L1 is other than 90°, a plurality of plane mirrors may 
be arranged such that the illuminated laser beam L1 and the 
re?ected laser beam L1 are alternately re?ected by and 
illuminated to the plane mirrors. The angles of the plane 
mirrors may be set equal to each other for parallel arrange 
ment, or the angle of one or more intermediate plane mirrors 
may be changed so long as the laser beam L1 can be bent to 
advance in the predetermined direction. 

[0052] The laser beam L1 oscillated from the laser source 
3 is re?ected by the ?rst plane mirror 4a substantially at 90° 
to advance doWnWard. Then, the laser beam L1 is re?ected 
again by the second plane mirror 4b substantially at 90° to 
advance horizontally. The laser beam L1 thus folded in its 
path enters the ND ?lter 6 in Which the light quantity is 
adjusted, and then enters the beam expander 5 in Which the 
beam diameter is adjusted. 

[0053] The ?rst plane mirror 4a and the second plane 
mirror 4b are controlled by a control unit 41 of plane mirror 
moving mechanisms such that illuminated positions on 
those mirrors can be moved While the angles of incidence 
and the angles of re?ection are kept same by plane mirror 
moving mechanisms 40a and 40b corresponding to the ?rst 
and second plane mirror 4a, 4b, respectively. In other Words, 
the positions on the ?rst plane mirror 4a and the second 
plane mirror 4b Where the laser beam L1 is illuminated can 
be changed Without displacing an optical axis. The adjust 
ment of the light quantity in the ND ?lter 6 is controlled 
through an ND ?lter moving mechanism 61 by a control unit 
60 of the ND ?lter moving mechanism, and the adjustment 
of the beam diameter in the beam expander 5 is controlled 
through a beam expander adjusting mechanism 50 by a 
control unit 51 of the beam expander adjusting mechanism. 

[0054] After passing through various optical elements for 
control of the beam status such as the state of polarization 
and the beam diameter, the laser beam L1 is split into tWo 
paths by the beam splitter 30. The laser beam L1 advancing 
along one of the split paths passes through several optical 
elements for adjustment of the beam shape and status, and 
is illuminated to the surface of the inspected object 2 through 
the object lens 11. An image of the laser beam L1 advancing 
along the other split path is picked up by the beam pro?le 
observation camera 31, Whereby the position of the laser 
beam L1 and the illuminance distribution Within the laser 
beam L1 are displayed on a monitor 70. The host computer 
71 transmits and receives data among the control unit 41 of 
the plane mirror moving mechanisms, the control unit 60 of 
the ND ?lter moving mechanism, and the control unit 51 of 
the beam expander adjusting mechanism in accordance With 
instructions entered from an input device (not shoWn), such 
as a keyboard or a mouse, and it drives the plane mirror 
moving mechanisms 40a and 40b, the ND ?lter moving 
mechanism 61, and the beam expander adjusting mechanism 
50 Which correspond to the those control units, thereby 
controlling the beam status of the laser beam L1. Further, the 
host computer 71 executes overall control of the defect 
inspection apparatus including, e.g., not only display of 
various setting conditions, the inspection results, the oper 
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ating state of the inspection apparatus, etc. on the monitor 
70, but also outputting of such information to an output 
device (not shoWn). 
[0055] FIG. 2 schematically shoWs the construction of the 
plane mirror moving mechanism 4011. Since the plane mirror 
moving mechanism 40b also has the same construction, the 
plane mirror moving mechanism 40a is described here as a 
typical example. 
[0056] The plane mirror moving mechanism 40a com 
prises a stage 45a for supporting the plane mirror 4a in a 
?xed state, an extension/retraction driving mechanism (lin 
ear driving mechanism) 42a for moving the plane mirror 411 
While keeping the re?ecting surface of the plane mirror 4a 
in a substantially parallel condition, a rotation driving 
mechanism 43a for rotating the plane mirror 411 While 
keeping the re?ecting surface of the plane mirror 4a in a 
substantially parallel condition, an angle correcting mecha 
nism 46a for correcting the angle of the re?ecting surface, 
and a distance correcting mechanism 47a for correcting the 
distance betWeen the laser source 3 and the plane mirror 4a 
or the distance betWeen the plane mirrors 4a and 4b. 

[0057] Position sensors (not shoWn) are disposed respec 
tively in association With the extension/retraction driving 
mechanism 42a, the rotation driving mechanism 43a, the 
angle correcting mechanism 46a, and the distance correcting 
mechanism 47a. 

[0058] The control unit 41 of the plane mirror moving 
mechanisms calculates coordinate values of the position of 
the plane mirror 411 based on a signal from the associated 
position sensor (not shoWn), and controls the plane mirror 4a 
to be moved to the position coordinates, Which are instructed 
from the host computer 71, through the extension/retraction 
driving mechanism 42a and the rotation driving mechanism 
43a. The calculation of the position coordinates may be 
executed by the host computer 71. 

[0059] The position coordinates of the plane mirror 4a 
?xed on the stage 45a are changed With rotation by the 
rotation driving mechanism 43a and With movement in the 
direction of one axis by the extension/retraction driving 
mechanism 42a, for example, on condition that a point for 
start of the illumination by the laser beam L1 is set to 
substantially the center of the plane mirror 4a. Accordingly, 
the position illuminated by the laser beam L1 is relatively 
moved on the re?ecting surface of the plane mirror 411 along 
a spiral, volute or circular locus While maintaining the state 
of the optical axis, Whereby a usable area of the re?ecting 
surface is enlarged. The enlargement of the usable area is 
controlled by the pitch at Which the plane mirror 4a is moved 
by the extension/retraction driving mechanism 42a, and the 
useful life of the plane mirror 4a is drastically prolonged. 
Also, With the provision of the position sensor, the coordi 
nates of the illuminated position can be correctly measured. 
It is therefore possible to restore the past inspection state and 
to search for and select a satisfactory position Within the 
re?ecting surface of the plane mirror 4a. With the provision 
of the angle correcting mechanism 46a and the distance 
correcting mechanism 47a, it is further possible to absorb 
variations in mounting accuracy, thickness, parallelism, and 
surface ?exure depending on individual plane mirrors 4a, to 
facilitate (automate) the correction of the optical axis at the 
time of part replacement, and to keep the optical axis in a 
stable state. 
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[0060] While this ?rst embodiment uses the plane mirror 
moving mechanism 40a capable of ensuring high e?iciency 
in use of the plane mirror 4a and holding the optical axis 
With high accuracy, only a moving mechanism for moving 
the plane mirror 411 While keeping the re?ecting surface of 
the plane mirror 4a in a substantially parallel condition may 
also be used instead. Alternatively, only a moving mecha 
nism for rotating the plane mirror 411 While keeping the 
re?ecting surface of the plane mirror 4a in a substantially 
parallel condition may be used instead. Those modi?cations 
are inferior in e?iciency of use to the ?rst embodiment, but 
they are advantageous in that the siZe and the production 
cost of the plane mirror moving mechanism 4011 can be 
reduced. Further, although the position sensors associated 
With the extension/ retraction driving mechanism 42a and the 
rotation driving mechanism 4311 are necessary to restore the 
past inspection conditions and to select a satisfactory posi 
tion on the re?ecting surface of the plane mirror 4a, they are 
not essential from the vieWpoint of enlarging the usable area 
of the re?ecting surface. In other Words, a simple moving 
mechanism knoWn to those skilled in the art and made of 
gears, a belt, etc. may also be used to move the illuminated 
position in units of a predetermined distance. 

[0061] The surface of each of the ?rst plane mirror 4a and 
the second plane mirror 4b is deteriorated and its re?ectance 
is reduced When the mirror surface is exposed to the laser 
beam L1 for a long time. In order to prevent the light 
quantity of the laser beam entering the beam expander 5 
from being reduced to a reference value or beloW due to the 
reduction of the mirror re?ectance, the position on each of 
the ?rst plane mirror 4a and the second plane mirror 4b 
Where the laser beam L1 emitted from the laser source 3 is 
illuminated is changed by driving the plane mirror moving 
mechanism 40a and the plane mirror moving mechanism 
40b Without changing the optical axis itself, When the 
irradiation time of the laser beam L1 exceeds a certain 
period, for example. As an alternative, the host computer 71 
may control the control unit 41 of the plane mirror moving 
mechanisms to change the illuminated position, While moni 
toring change of the light quantity re?ected by the plane 
mirror, at the time When the monitored light quantity is 
reduced to a preset threshold or beloW. 

[0062] Thus, by employing the structure capable of rotat 
ing the specular surface of each of the plane mirrors in the 
beam de?ection mechanism 4, or the structure capable of 
translating the specular surface, or both of those structures, 
replacement frequency of the plane mirror can be drastically 
reduced and the adjustment of the optical axis can be 
dispensed With. Further, it is possible to suppress mixing of 
dust into the optical system, Which may be caused by the part 
replacement, and to hold doWn an increase in amount of 
foreign matters generated from the optical system. 

[0063] FIG. 3 shoWs one practical example of a process 
for controlling the plane mirror moving mechanism. A ?rst 
light quantity monitor 13 (i.e., ?rst light quantity measuring 
means) capable of measuring a light quantity is arranged 
betWeen the laser source 3 and the ?rst plane mirror 4a 
Which can be rotated and/ or translated Without changing the 
optical axis. Also, a second light quantity monitor 14 (i.e., 
second light quantity measuring means) capable of measur 
ing a quantity of the re?ected light is arranged doWnstream 
of the second plane mirror 4b Which can be rotated and/or 
translated Without changing the optical axis. While this ?rst 


















