FOCUSING AND LEVELING DEVICE

TECHNICAL FIELD

The present invention relates to a device for focusing and leveling.

BACKGROUND

Fig. 1 shows a commonly-used conventional device for focusing and leveling,
which includes, arranged sequentially along a path of light travelling therein, a
projection-side mark plate 1, a projection-side front lens group 2, a projection-side rear
lens group 3, a wafer 4, a detection-side front lens group 5, a detection-side rear lens
group 6 and a detection-side mark plate 7. Wherein, the projection-side mark plate 1,
the projection-side front lens group 2, the projection-side rear lens group 3 and the
wafer 4 constitute a 4F system; the wafer 4, the detection-side front lens group 5, the
detection-side rear lens group 6 and the detection-side mark plate 7 constitute another
4F system. Light emitted from an illumination unit passes through a mark on the
projection-side mark plate 1 and then travels through the projection-side front lens
group 2 and the projection-side rear lens group 3, thus forming a spot on the wafer 4.
Light reflected from the spot on the wafer 4 transmits through the detection-side front
lens group 5 and the detection-side rear lens group 6 and forms an image on the
detection-side mark plate 7.

Referring to Figs. 1 and 2, each of the projection-side mark plate 1 and the
detection-side mark plate 7 define a slit allow passage of light therethrough, and when
the wafer 4 is positioned on a desirable zero face (indicated by the dashed line in Fig.
2), the image of the projection-side slit formed on the detection-side mark plate 7 will
be just centered at a center of the slit in the detection-side mark plate 7. However, if

the wafer 4 is defocused or tilted, the center of the image of the projection-side slit on



the detection-side mark plate 7 will shift away. As shown in Fig. 2, an amount of
defocus, indicated at h, of the wafer 4 will lead to an offset, indicated at A, of an

optical axis of the detection side, which can be geometrically calculated as:
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As a result of the defocusing of the wafer 4, a reduction in the optical energy
that propagates through the detection-side slit will occur, which can serve as a basis for
monitoring the defocusing or tilting of the wafer.

Since the conventional device incorporates two 4F systems arranged on
opposing sides of the wafer respectively for projection and detection, it is complicated

in structure, bulky, costly and does not allow easy construction.

SUMMARY OF THE INVENTION

It is an objective of the present invention to overcome the above-described
problems with the conventional device, i.e., a complicated structure, large footprint,
high cost and difficulties in construction, by presenting a novel device for focusing and
leveling.

To this end, the subject matter of the present invention lies in:

a focusing and leveling device configured to calculate an amount of defocus
and/or tilt of a substrate, the device including an illumination unit, a projection-side
mark plate with a projection-side slit mark, a projection-side imaging group, a
deflection prism, a beam splitter, a detection unit and a signal processing unit, the
illumination unit configured to emit a light beam which passes through the
projection-side mark plate and is thus trimmed into a probe beam, the projection-side
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imaging group configured to direct the probe beam onto a surface of the substrate, the
deflection prism configured to deflect the probe beam that has been reflected by the
surface of the substrate for a first time so that it is again incident on the surface of the
substrate and reflected thereby for a second time onto the projection-side 1maging
group, the beam splitter configured to direct the probe beam that has travelled through
the projection-side imaging group onto the detection unit, the signal processing unit
configured to calculate the amount of defocus and/or tilt of the surface of the substrate
based on a measurement spot detected by the detection unit.

Preferably, the deflection prism may have a cross section of an isosceles right
triangle.

Preferably, an inclined face of the deflection prism may be perpendicular to an
optical axis of the probe beam that has been reflected by the surface of the substrate
for the first time, an intersection edge of two right-angle faces of the deflection prism
intersects the optical axis of the probe beam that has been reflected by the surface of
the substrate for the first time.

Preferably, the projection-side imaging group may include a front lens group and
a rear lens group, the beam splitter disposed between the projection-side mark plate
and the front lens group, wherein the probe beam that has exited the beam splitter
travels sequentially through the front lens group and the rear lens group and 1s then
incident on the surface of the substrate, and wherein the probe beam that has been
reflected by the surface of the substrate for the second time travels sequentially
through the rear lens group and the front lens group and is then reflected by the beam
splitter onto the detection unit.

Preferably, the projection-side imaging group may include a front lens group, a
mirror pair and a rear lens group, the beam splitter disposed between the mirror pair

and the rear lens group, wherein the probe beam travels sequentially through the front



lens group, the mirror pair, the beam splitter and the rear lens group and 1s then
incident on the surface of the substrate, and wherein subsequent to the reflection on the
surface of the substrate for the second time, the probe beam again propagates through
the rear lens group and is then reflected by the beam splitter onto the detection unit.

Preferably, the device may further include a detection-side lens group disposed
upstream of the detection unit along a direction of propagation of the light beam.

Preferably, the detection unit may include: a detection-side mark plate with a
detection-side slit mark; and an optical energy detector, the optical energy detector
configured to measure a change in optical energy that has propagated through the
detection-side slit mark, which serves as a basis for calculating the amount of defocus
and/or tilt of the surface of the substrate.

In the device, by using the deflection prism, the projection- and detection-side
4F systems are arranged on a single side of the substrate, which shrinks the footprint of
the device and enhances its compactness. Moreover, the projection-side 4F system is
multiplexed, dispensing with a separate detection-side 4F system and hence allowing a
simple structure, easy construction and a reduction in fabrication cost. Further, since
the probe beam is reflected twice at the substrate surface, the impact of any amount of
defocus or tilt on the position of the formed spot is doubled, 1.e., doubled measuring

accuracy with the same detection ability.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 schematically illustrates a conventional device for focusing and leveling.
Fig. 2 is a diagram showing an optical path of the conventional device for
focusing and leveling in which the surface of a wafer is defocused.
Fig. 3 is a structural schematic of a device for focusing and leveling according to

a first embodiment of the present invention.



Fig. 4 is a diagram showing an optical path of the device for focusing and
leveling according to the first embodiment of the present invention, in which a
substrate is defocused.

Fig. 5 is a diagram showing an optical path of the device for focusing and
leveling according to the first embodiment of the present invention, in which a
deviation occurs during the positioning of a deflection prism.

Fig. 6 is a structural schematic of a device for focusing and leveling according to
a second embodiment of the present invention.

In Figs. 1-2: 1-projection-side mark plate; 2-projection-side front lens group;
3-projection-side rear lens group; 4-wafer; 5-detection-side front lens group;
6-detection-side rear lens group; 7-detection-side mark plate.

In Figs. 3-6: 10-projection-side mark plate; 20-projection-side 1maging group;
21-front lens group; 22-rear lens group; 23-mirror pair; 30-deflection prism;
31-inclined face; 32-right-angle face; 40-beam splitter; 50-detection-side mark plate;

60-substrate; 70-detection-side lens group.

DETAILED DESCRIPTION

The above objects, features and advantages of the present invention will become
more apparent and better understood from the following detailed description of a few
specific embodiments thereof, which is to be read i connection with the
accompanying drawings. Note that the figures are much simplified and may not be
drawn to scale, and their sole purpose is to facilitate easy and clear explanation of
these embodiments.

Embodiment 1

Referring to Fig. 3, a device for focusing and leveling includes, arranged

sequentially along a path of a light beam travelling therein, an illumination unit (not



shown), a projection-side mark plate 10 defining therein a projection-side slit mark, a
projection-side imaging group 20, a deflection prism 30, a beam splitter 40, a detection
unit and a signal processing unit (not shown). Emitted from the illumination unit, the
light beam passes through the projection-side mark plate 10 is thus trimmed into a
probe beam which then transmits through the beam splitter 40 and is directed by the
projection-side imaging group 20 onto the surface of a substrate 60. The deflection
prism 30 is configured to deflect the probe beam that has been reflected by the surface
of the substrate 60 so that 1t 1s again incident on the surface of the substrate 60. The
probe beam that has been reflected for the second time on the surface of the substrate
60 travels through the projection-side imaging group 20 and is then reflected by the
beam splitter 40 onto the detection unit, thus forming a spot thereon. The signal
processing unit then calculates an amount of defocus and/or tilt of the surface of the
substrate 60 based on a measurement of the detection unit performed on the spot. Here,
the term “deflection” refers to alternation of the direction of propagation of the probe
beam. In this embodiment, “deflection” particularly refers to a change of 180 degrees
in the direction of propagation of the probe beam. The substrate 60 may be a silicon
wafer or a glass substrate.

The deflection prism 30 may have a cross section assuming the shape of an
isosceles right triangle whose apex angles are respectively of 45, 90 and 45 degrees.
An inclined face 31 of the deflection prism 30 is perpendicular to an optical axis of the
probe beam that has been reflected by the surface of the substrate 60 for the first time,
while an intersection edge of the two right-angle faces 32 intersects the optical axis of
the probe beam that has been reflected by the surface of the substrate 60 for the first
time.

The projection-side imaging group 20 may include a front lens group 21 and a

rear lens group 22. The probe beam exiting the projection-side mark plate 10



propagates sequentially through the beam splitter 40, the front lens group 21 and the
rear lens group 22 and is then incident on the surface of the substrate 60. The
projection-side mark plate 10, the front lens group 21, the rear lens group 22 and the
substrate 60 constitute a projection 4F system. Additionally, the probe beam that has
been reflected by the surface of the substrate 60 for the second time travels through the
rear lens group 22 and the front lens group 21 and is then reflected by the beam splitter
40 onto a detection-side mark plate 50 in the detection umt. The substrate 60, the rear
lens group 22, the front lens group 21 and the detection-side mark plate 50 constitute a
detection-side 4F system. The multiplexing of the lens groups dispenses with a
separate detection-side 4F system and allows a simple structure, easy construction and
a reduction in fabrication cost.

In addition to the detection-side mark plate 50 which defines therein a
detection-side slit mark, the detection unit may further mclude an optical energy
detector for measuring a change in the optical energy that has propagated through the
detection-side slit mark.

Detailed below is a possible process for constructing the device for focusing and
leveling.

At first, an orientation of the deflection prism 30 may be determined.
Specifically, an internal focusing telescope (not shown) may be arranged upstream of
the beam splitter 40 in such a manner that an optical axis of a parallel beam emanated
from the internal focusing telescope 1s perpendicular to a right-angle face of the beam
splitter 40 facing toward the internal focusing telescope. The orientation of the
deflection prism 30 may be then tuned so that an optical axis of the probe beam
reflected from the inclined face of the deflection prism 30 is coincident with the
optical axis of the parallel beam from the internal focusing telescope.

Subsequently, the position of the deflection prism 30 may be determined.



Specifically, the deflection prism 30 may be translated incrementally along the
direction in which the inclined face of the deflection prism 30 extends until an
intensity distribution of the probe beam within the deflection prism 30 is symmetric
with respect to a bisecting normal (e.g., BF in Fig. 4) of the inclined face (at this point,
the intersection edge of the two right-angle faces of the prism intersects the
projection-side optical axis) of the deflection prism 30.

Referring to Fig. 5, assuming a deviation of A in the position of the deflection
prism 30 along the direction in which the inclined face 31 extends and the deflection
prism 30 is translated (in this figure, the solid-line box represents the actual position of
the deflection prism 30, while the dash-line box indicates a desirable position for the
deflection prism 30, which is offset from the actual position by the translational
deviation A) and a deviation h in the position of the substrate 60 (in Figs. 3 and 4, the
solid line represents the actual position of the substrate 60, while the dash line
indicates a desirable position for the substrate 60), a traverse path length of the exiting
probe beam will change from EF = 2xEA' = 2x(CB'-A) = 2xCB'-2A (dashed, FH) to
CD = 2xCB'. That is, the translational deviation A of the deflection prism 30 will lead
to a traverse shift of the probe beam that is equal to 2A. As can be seen from Fig. 3,
this traverse shift of the exiting probe beam will lead to a positional shift of the spot
formed on the detection-side mark plate 50 (from O to O'). The traverse shift of the
exiting probe beam is in a constant proportion to the positional shift of the spot formed
on the detection side.

Referring to Fig. 4, when the substrate 60 is placed at the desirable position
(dashed), the probe beam incident thereon will be reflected by the substrate and
deflected by the deflection prism 30 and then follow the exact same path back onto the
substrate 60. The probe beam that has been reflected for the second time by the

substrate 60 will then propagate through the projection-side imaging group 20 and the



beam splitter 40 and form the spot on the detection-side mark plate 50. However, when
the substrate 60 is defocused by the amount h (solid), after the incident probe beam is
reflected and deflected by the deflection prism 30, 1t will follow a return path back to
the substrate 60, which is laterally offset from that in the desirable scenario by an
amount expressed as HI = CG = 2XCF = 4h*cosa, where « presents an angle of
incidence of the probe beam on the substrate 60. Therefore, the deviation between the
actual position O' and the desirable position O of the probe beam in Fig. 3 can be
obtained as 4hxcosaxf (where, B denotes a magnification from the substrate 60 to the
detection-side mark plate 50). The distance O'O 1s measureable, from which the
amount of defocus h of the substrate 60 can be calculated according to the above
expression.

The above defocus amount (h) calculation may be performed on one or more
points on the substrate surface. When there is more than one point, a plane fitted to the
calculation results may be compared with the horizontal to determine whether the
substrate is tilted. Therefore, the device for focusing and leveling according to this
embodiment is suitable for calculating an amount of defocus and/or tilt of a substrate.

As noted above, on the one hand, the device for focusing and leveling allows
structural simplicity and compactness by multiplexing the projection-side 4F system
(and hence dispensing with a separate detection-side 4F system). On the other hand,
since the probe beam is reflected twice at the substrate surface, the impact of any
amount of defocus or tilt on the position of the formed spot is doubled. As can be seen
from the above mathematical expression, this means doubled measuring accuracy.

Embodiment 2

Referring to Fig. 6, Embodiment 2 differs from Embodiment 1 essentially in the
paths of propagation of the probe beam to the surface of the substrate 60 and from the

second reflection to the detection-side mark plate 50. Specifically, the projection-side



imaging group 20 includes a front lens group 21, a mirror pair 23 and a rear lens group
22. The probe beam from the projection-side mark plate 10 travels sequentially
through the front lens group 21, the mirror pair 23, the beam splitter 40 and the rear
lens group 22, and is then incident on the surface of the substrate 60. Additionally,
subsequent to the reflection on the surface of the substrate 60 for the second time, the
probe beam again propagates through the rear lens group 22 and is then reflected by
the beam splitter 40 onto the detection-side mark plate 50. The mirror pair 23
according to the embodiment includes a fixed mirror and a moveable mirror capable of
changing the exit direction of the probe beam.

The device for focusing and leveling according to this embodiment further
includes a detection-side lens group 70. The detection-side lens group 70 is disposed
between the beam splitter 40 and the detection unit 50.

Likewise, the device for focusing and leveling according to this embodiment 1s
also suitable for calculating an amount of defocus and/or tilt of a substrate with
doubled measuring accuracy.

The description presented above is merely that of a few preferred embodiments
of the present invention, and vairous changes and modifications may be made thereto
by those of ordinary skill in the art without departing from the spirit and scope of the
invention. Accordingly, the invention is intended to embrace all such changes and
modifications if they fall within the scope of the appended claims and equivalents

thereof.

10



MCSLLP

CLAIMS

1. A focusing and leveling device for calculating an amount of defocus and/or
tilt of a substrate, comprising an illumination unit, a projection-side mark plate with a
projection-side slit mark, a projection-side imaging group, a deflection prism, a beam
splitter, a detection unit and a signal processing unit, the illumination unit configured
to emit a light beam which passes through the projection-side mark plate and is thus
trimmed into a probe beam, the projection-side imaging group configured to direct the
probe beam onto a surface of the substrate, the deflection prism configured to deflect
the probe beam that has been reflected by the surface of the substrate for a first time so
that the probe beam is again incident on the surface of the substrate and reflected by
the surface of the substrate for a second time onto the projection-side imaging group,
the beam splitter configured to direct the probe beam that has been reflected by the
surface of the substrate for the second time directly onto the detection unit, the signal
processing unit configured to calculate the amount of defocus and/or tilt of the surface
of the substrate based on a measurement spot detected by the detection unit; wherein
an angle between an optical axis of the projection-side imaging group and the surface
of the substrate is as same as an angle between a vertical line of an inclined face of the
deflection prism and the surface of the substrate.

2. The focusing and leveling device of claim 1, wherein the deflection prism has
a cross section of an isosceles right triangle.

3. The focusing and leveling device of claim 2, wherein the inclined face of the
deflection prism is perpendicular to an optical axis of the probe beam that has been
reflected by the surface of the substrate for the first time, and an intersection edge of
two right-angle faces of the deflection prism intersects the optical axis of the probe
beam that has been reflected by the surface of the substrate for the first time.

4. The focusing and leveling device of claim 1, wherein the projection-side
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imaging group comprises a front lens group and a rear lens group, the beam splitter
disposed between the projection-side mark plate and the front lens group, wherein the
probe beam that has exited the beam splitter travels sequentially through the front lens
group and the rear lens group and is then incident on the surface of the substrate, and
wherein the probe beam that has been reflected by the surface of the substrate for the
second time travels sequentially through the rear lens group and the front lens group
and is then reflected by the beam splitter onto the detection unit.

5. The focusing and leveling device of claim 1, wherein the projection-side
imaging group comprises a front lens group, a mirror pair and a rear lens group, the
beam splitter disposed between the mirror pair and the rear lens group, wherein the
probe beam travels sequentially through the front lens group, the mirror pair, the beam
splitter and the rear lens group and is then incident on the surface of the substrate, and
wherein subsequent to the reflection on the surface of the substrate for the second time,
the probe beam again propagates through the rear lens group and is then reflected by
the beam splitter onto the detection unit.

6. The focusing and leveling device of claim 1, 4 or 5, further comprising a
detection-side lens group disposed upstream of the detection unit along a direction of
propagation of the light beam.

7. The focusing and leveling device of claim 1, wherein the detection unit
comprises: a detection-side mark plate with a detection-side slit mark; and an optical
energy detector, the optical energy detector configured to measure a change in optical
energy that has propagated through the detection-side slit mark, which serves as a

basis for calculating the amount of defocus and/or tilt of the surface of the substrate.
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