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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?éniing{ apon %:;ie
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Fithography allows the resolution of structures in the sub- mcroneter
range. In this connection, the deviation in the nmask/wafer alignnment nust
be bel ow 100 nm The U.S. Pat ent 4,595, 295 (W1 czynski) di scl oses
an alignnment systemfor X-ray |ithography_wherein the mask and the wafer
are each individually aligned with a refe?ence mask. Said reference mask
carries alignnent marks which correspond to marks on the mask and on the
waf er. The pattiexmsconfigukatibnl heBy eldetestengasthar ariteansiftas r of t theéhe

e e
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-

L 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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through the reference mask strikes the patterns on the mask and on the
wafer, the scattered |light |eaving the pattern is either at a maxi nrum or at
a mni mum dependi ng upon the 2 pattern configuration. By detecting the
intensity of the scattered light in a detgctor, a highly accurate relative
al i gnment of the mask and the wafer can bé& achi eved. The alignnent system
requires that the reference mask patterns

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.

This Sheet Has Been Re‘ilac

i M




be focused in two optical planes, nanely in the mask plane and the wafer

pl ane. To this end, optical neans are provided at fixed distances between
the m croscope, the mask and the wafer; for instance a glass cube in the

beam path of the reference nask. Due to sg d optical neans, the reference
mask patterns are sinultaneously focused in the mask plane and the wafer

pl ane. This construction has the foll owi ng drawbacks: (1) The focus

di f f er ence ACSOF&indri ¥R oFLg- t he thecloptdsads unit @.Has igumhifked sin x,
dependent @n aha wBvediesetions twEtWeddspedr tH8 ParsadasX bha Deaker

through the PP Phe "SptTaY (Phie 0SuM™NYLacLhigeh 108 9kASS .
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 Py. The used piezo drives are piezo-driven
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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cube is very conplicated because the cube nust contain bores . for -the
non-nodi fi ed beam path; and (4) the pattern i nage of the refereaﬁ mask

must exactly coincide with the actual w dths of thﬂm‘]ﬂmu he mask
and the wafer since otherw se an adjustnent of the in

. . Pt L .
necessary. A plane plate scanner is arranfed w thin*the mcroscope. Said
scanner shifts the inmage of the reference mask patterns in a plane in
directions perpendicular to each otherclagmg directions) so as to achieve
an optimum alignment to the mask and wafer patterns. This construction has

the foll ow ng drawbacks: (1) The inmage form ng beampath is influenced by
1. 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).

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

3. The aligmnment system according to <c¢laim 1 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).

4. The aligmment system according to claim1 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.

5. The alignment system according to any of claims 2 to 4,
characterized in that the piezo drive (P,) for the 2z-°

L]
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fhe scan position; (2) the confined space within the nicroscope makes it

difficult to house a scan drive; (3) the inmage di st
non-centered optical systemreduce the usable scan ﬂ Bm error
in linearity occurs in the scan range. The object un sent

I nvention is to provide a device for align ng a mask and a mafer relative
to one another via a reference mask by neans of a bright-

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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3 field/dark-field microscope, thereby elininating the need for additional
focussing neans within the mcroscope. This object is achieved by the
features of the claims. The invention is based on the finding that nuch
space can be saved in the m croscope and gnage distortions can be avoided

i f the focussing is not perforned via opti“‘cal nmeans in the m croscope but
by a relative novenent between the mcroscope with the reference mask and
the device for detecting the |ight infiaisidat (optical unit) on the one hand
and the mask and the wafer on the other hand. The hi gh accuracy required

lignment System, particu for X-Ray or Pho
Lithography

The alignment system comprises an optical unit with a dark-
field/bright-field microscope and a device for detecting the
light intensity. A reference mask pattern is projected onto
structural edges of the mask and the wafer, said structural
edges lying in parallel planes. The light scattered from the
edges is detected via the dark-field beam path and the focus
of the optical unit is mechanically shifted by means of
piezo drives between the mask plane and the wafer plane (z-
direction), and in the x-y-plane for capturing the mask and
wafer patterns. The advantages of the invention reside in a
simpler and 1less expensive manufacture of the alignment
system, a more accurate alignment and a larger capture area
for the mask and the wafer patterns.

—_—
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for this is achieved by suitable nmeasures, preferably by using a piezo
drive or conparable accurate drives. The advantages of the present
invention reside in a sinpler and therefore | ess expensive manufacture of
the aligning system a nore accurate alignnment and a | arger capture area or
range for the mask and wafer patterns. Wth the help of a piezo drive or a
conparably accurate drive, the reference nask pattern can al so be aligned
to the mask and wafer patterns by a relative novenent between the optica
unit and the mask or the wafer. This relative novenent can either be
perfornmed by a novenent in the x and

MICROSCOPE
+

DEVICE FOR MEASURING THE
LIGHT INTENSITY
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y direction in a plane parallel to the mask_and wafer planes or by tilting

about two axes that are perpendicular to edgch Q@i})% the

drawbacks of arranging a scan nmeans wthin theqﬁgé{*‘% }jﬁ_}%e avh? ded

Sui tabl e piezo drives are for instance knovimy beQuhédi-: Apaﬂgd34__26$}epb 4 t he
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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 1lithography, 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 alignment 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 minimum, depending upon the

o



4 According to Fig. 1, the optical unit QU. is shifted in x, vy and z _
directions with respect to the mask and wafer structures. The optical unit
OU is shifted in the z direction by neans of a piezo drive Plerr] so that
the reference mask patterns are subsequent]Jy focused on the nask M and on
the wafer W By shifting the mcroscope inthe x and y directions (y
direction perpendicular to the plane of the sheet of paper, not shown), an
al i gnnment phttiesn eConfiguratdbonpat Ber detedtingsthet intéhsitgr respand ng

patterns i Bcattered 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 beanm 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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the mask and wafer planes is performed with the piezo drives P[err] and
‘Pl[err]. The used piezo drives are piezo-driven tables with a flexure
bearing or a universal joint and having an anpl i tude of
approximately 100 [err]m with a di spl agenent resolution of 1 nmand a
straight notion of 10 nm |In another enbodi nent of the invention the
optical unit OU 1is tilted about two axes that are perpendi cular to each
ot her aftefiefd/BarksSiield nnikroscdpeqct therebyh ehitminatingr ithe Pnged .

Said tvo 2res biEdlitdohal! 3N Hledrs WILHIH And it dbddpe) S

preferably 200 mm spaced apart fromthe foca

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 1less 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 unit 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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plane in the direction of the optical unit O U The tilting nDyene?t hsof
performed by one piezo drive in each case which works in the g!rect!on "
the tilting and consequently shows a conponent in the x or K |Lec ng' -
a result, an alignment of the patterns of t4he reference nask, the nask,

[ [ as in the case of parallel shifts in the x and y
the wafer is obtained REASI Cystem Yor

Shorol | ChogtSeRTELE S 8147 hocbin tisat mrsh KON ke libai i 3,

ﬁ‘easuri ng t¥e 3R uck uddirestiionof wiltdt orespetctvetoestiié |k S anEShaser

results wtstiaetarese™ #he0’ B9 chd {0Rit 0.u. is shifted in the 2z
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 Py. The used piezo drives are piezo-driven
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 nm.

In another embodiment of the invention the optical unit o.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 pPlane 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
2 component in the x or y direction. Aas 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 use 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
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peared=and coi ncided with neasurenents of a gauged
b ﬁgég pe in an error range of 50 nm--— Clainms 1--An

7 utarly for X-ray or photo I |S|ng
i tth a dark-fiel digri ght - fle’ &@ EEEI%
¢ li ght |nten5|ty, with are

Clajims

1. 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 beanm path,
characterized in that the optical wunit (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 movemeni is provided by means of a
piezo drive (P;) .

The alignment system according to «claim i1 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, Y)’ |

The alignment system according to <c¢laim1 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 z-°



péttern being projected onto structures (K) of a mask (M and a wafer (W,

said structures lying in parallel planes, and the I|i m t he
structures (K) being det ect ed via the dar kfﬂﬁ’mmﬁgﬁtﬂm@% _
characterized in that the optical wunit _(OU) 18 nec M I"yitovabl e
with respect to the mask and wafer planes i ® order to nove the focus of the

optical unit (QU.) between the mask plane and the wafer plane
(z-direction). dir QR §ﬁnﬁntpf®m-sm'awnrtﬁm;etwithahmf]1,em qgégfig&d
in that the mecdwn amivereaEYoistProvided by neans of a

6. The alignment system according to any of claims 1 to S,

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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piezo drive (P[err]). 3. The alignnment system according to claim1l or 2,
"characterized in that the optical unit (QU.) as well as the mask (M and
the wafer (W are novable relative to one another in parallel planes and in
two directions that are perpendicular to gach other (x-y directions) by
means of piezo drives (P[err], Pl[err]) 4. The alignnent system according to
claim1l or 2, characterized in that the optical unit (O U ) as well as the
mask (M and the wafer (W are rotat dstyaedtati ve to one anot her about two
axes that are perpendicular to each

ignme System articular for X-Ray o (o]

Lithography

The alignment system comprises an optical unit with a dark-
field/bright-field microscope and a device for detecting the
light intensity. A reference mask pattern is projected onto
structural edges of the mask and the wafer, said structural
edges lying in parallel planes. The light scattered from the
edges is detected via the dark-field beam path and the focus
of the optical unit is mechanically shifted' by means of
piezo drives between the mask plane and the wafer plane (z-
direction), and in the x-y-plane for capturing the mask and
wafer patterns. The advantages of the invention reside in a
simpler and less expensive manufacture of the alignment
system, a more accurate alignment and a larger capture area
for the mask and the wafer patterns.

Figure 1
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‘ot her and parallel to the mask and wafer planes by nmeans of piezo drives.
5. The alignnent system according to any of clainms 2 to 4, characterized in
that the piezo drive (P[err]) for the z- 6 direction is a piezo-driven
table with a flexure bearing or a universal joint. 6. The alignnment system
according to any of clainms 1 to 5,

1/1
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Chs and the wafer (W remajn stationary and the optical
' s nmoved or vice versa.

'erd i SEARRCH REPORT hpsmlitaomin9608298ke z- di rectiolrjlni:he
U

TEXT OF THE ABSTRACT

ALIGNMENT SYSTEM,

PARTICULARLY FOR X-RAY OR PHOTO LITHOGRAPHY

An aligﬁment system, particularly for x-ray or photo lithography, comprising an opti-
cal unit (O.U.) with a dark-field/ bright-field microscope and a device for detecting
the light intensity, with a reference mask pattern being projected onto structures x)
of 2 mask (M) and a wafer (W), said structures (K) lying in parallel planes. The light
!k scattered from the structures (K) being detected via the dark-field beam path and the
focus of the optical unit (0.U)) is mechanically shifted by means of piezo drives
(Px, Py, P,) between the mask plane and the wafer plane (z-direction), and in the x-y-
plane for capturing the mask and wafer patterns. The advantages of the invention re-
side in a simpler and less expensive manufactute of the alighment system, a more

accurate aligniment and a larger capture area for the mask and the wafer patterns.
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