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Alignment System, particularly for X-Ray or Photo
Lithography '

The invention relates to an alignment system, particularly

for X-ray or photo lithography. This system is particularly .

useful in semiconductor technology.

In semiconductor technology very fine patterns or structures
are transferred to wafers by chemical or physical etching
with the help of masks for structuring the surface. By using
X-ray lithography, particularly small structures can be
obtained which 1lead to the desired high density of
electronic. or optical components on a wafer. X-ray
lithography allows the resolution of structures in the sub-
micrometer range. In this connection, the deviation in the
mask/wafer alignment must be below 100 nm.

The U.S. Patent 4,595,295 (Wilczynski) discloses an
alignment system for X-ray lithography wherein the mask and
the wafer are each individually aligned with a reference
mask. Said reference mask carries aligmment marks which
correspond to marks on the mask and on the wafer. The
patterns or marks of the reference mask are transferred to
the mask as well as to the wafer by light projection via a
bright-field/dark-field microscope. When the light projected

through the reference mask strikes the patterns on the mask

and on the wafer, the scattered light leaving the pattern is
either at a maximum or at a minimunm, de?én_giingg uapon the
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pattern configuration. By detecting theée intensity of the
scattered light in a detector, a highly accurate relative
alignment of the mask and the wafer can be achieved. The
alignment system requires that the reference mask patterns
be focused in two optical planes, namely in the mask plane
and the wafer plane. To this end, optical means are provided
at fixed distances between the microscope, the mask and the
wafer; for instance a glass cube in the beam path of the
reference mask. Due to said optical means, the reference
mask patterns are simultaneously focused in the mask plane
and the wafer plane. This construction has the following
drawbacks: (1) The focus difference is determined by the
thickness of the glass cube and is dependent on the wave
length of the beam; (2) the passage of the beam through the
glass impairs the image; (3) the manufacture of the glass
cube is very complicated because the cube must contain bores
for the non-modified beam path; and (4) the pattern image of
the reference mask must exactly coincide with the actual
widths of the structures on the mask and the wafer since
otherwise an adjustment of the magnification is necessary.

A plane plate scanner is arranged within the microscope.
Said scanner shifts the image of the reference mask patterns
in a plane in directions perpendicular to each other (x-y-
directions) so as to achieve an optimum alignment to the
mask and wafer patterns. This construction has the following
drawbacks: (1) The image forming beam path is influenced by
the scan position; (2) the confined space within the
microscope makes it difficult to house a scan drive; (3) the
image distortions of a non-centered optical system reduce
the usable scan range; and (4) an error in linearity occurs
in the scan range.

The object underlying the present invention is to provide a
device for aligning a mask and a wafer relative to one
another via a reference mask by means of a bright- -
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field/dark-field microscope, thereby é&liminating the need
for additional focussing means within the microscope.

This object is achieved by the features of the claims.

The invention is based on the finding that much space can be
saved in the microscope and image distortions can be avoided
if the focussing is not performed via optical means in the
microscope but by a relative movement between the microscope
with the reference mask and the device for detecting the
light intensity (optical unit) on the one hand and the mask
and the wafer on the other hand. The high accuracy required
for this is achieved by suitable measures, preferably by
using a piezo drive or comparable accurate drives.

The advantages of the present invention reside in a simpler
and therefore less expensive manufacture of the aligning
system, a more accurate alignment and a larger capture area
or range for the mask and wafer patterns.

With the help of a piezo drive or a comparably accurate
drive, the reference mask pattern can also be aligned to the
mask and wafer patterns by a relative movement between the
optical wunit and the mask or the wafer. This relative
movement can either be performed by a movement in the x and
y direction in a plane parallel to the mask and wafer planes
or by tilting about two axes that are perpendicular to each
other. As a result, the drawbacks of arranging a scan means
within the microscope can be avoided.

Suitable piezo drives are for instance known from EP-A-
134 268.

In the following, the invention is described in connection
with a preferred but not limiting embodiment schematically
shown in Fig. 1.
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According to Fig. 1, the optical unit 0.U. is shifted in x,
Y and z directions with respect to the mask and wafer
structures. The optical unit 0.U. is shifted in the =z
direction by means of a piezo drive P, so that the reference
mask patterns are subsequently focused on the mask M and on
the wafer W. By shifting the microscope in the x and y
directions (y direction perpendicular to the plane of the
sheet of paper, not shown), an alignment of the reference
mask patterns with respect to the corresponding patterns in
the mask and wafer planes is performed with the piezo

drives P, and P The used piezo drives are piezo-driven

y.
tables with a flexure bearing or a universal joint and
having an amplitude of approximately 100 um with a
displacement resolution of 1 nm and a straight motion of

10 nnm.

In another embodiment of the invention the optical unit 0.U.
is tilted about two axes that are perpendicular to each
other after the focussing in the z direction with the piezo
drive P,. Said two axes lie in a plane parallel to the focal
plane which is preferably 200 mm spaced apart from the focal
plane in the direction of the optical unit 0.U. The tilting
movement is performed by one piezo drive in each case which
works in the direction of the tilting and consequently shows
a component in the x or y direction. As a result, an
alignment of the patterns of the reference mask, the mask,
and the wafer is obtained as in the case of parallel shifts
in the x and y direction.

In addition to the wuse as alignment system for
photolithography and X-ray lithography, the invention can be
used for measuring the structural width of photosensitive
resist layers. Test results with the system according to the
invention were compared and coincided with measurements of a
gauged scanning electron microscope in an error range of
50 nm.
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Claims

An alignment system, particularly for X-ray or photo
lithography, comprising an optical unit (0.U.) with a
dark-field/bright-field microscope and a device for
detecting the 1light intensity, with a reference mask
pattern being projected onto structures (K) of a mask (M)
and a wafer (W), said structures 1lying in parallel

planes, and the light scattered from the structures (K)

being detected via the dark-field beam path,
characterized in that the optical unit (0.U.) |is
mechanically movable with respect to the mask and wafer
planes in order to move the focus of the optical
unit (0.U.) between the mask plane and the wafer plane
(z-direction).

The alignment system according to claim 1, characterized
in that the mechanical movement is provided by means of a
piezo drive (P,).

The aligmnment system according to <claiml1 or 2,
characterized in that the optical unit (0.U.) as well as
the mask (M) and the wafer (W) are movable relative to
one another in parallel planes and in two directions that
are perpendicular to each other (x-y directions) by means
of piezo drives (P, PY).

The alignment system according to claim 1 or 2,
characterized in that the optical unit (0.U.) as well as
the mask (M) and the wafer (W) are rotatable relative to
one another about two axes that are perpendicular to each
other and parallel to the mask and wafer planes by means
of piezo drives.

The alignment system according to any of claims 2 to 4,
characterized in that the piezo drive (P,) for the 2z-°
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direction is a piezo-driven table with a flexure bearing
or a universal joint.

6

- The alignment system according to any of claims 1 to 5,
characterized in that in case of the alignment in the z-
direction the mask (M) and the wafer (W) remain

stationary and the optical unit (0.U.) is moved or vice
versa.
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