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(54) Control of an apparatus for exposing a semiconductor device

(57) A semiconductor exposure apparatus including
a measuring unit 201 which measures the height infor-
mation of a wafer 3 and an adjustment unit 203 which
adjusts the position of a mask 1 in its direction of height

and that of the wafer 3 in its direction of height on the
basis of the height information of the wafer 3 in the pre-
ceding exposure steps and that in the current exposure
step.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a semiconduc-
tor exposure apparatus, control method therefor, and
semiconductor device manufacturing method.

BACKGROUND OF THE INVENTION

[0002] Typical proximity exposure apparatuses which
perform exposure by bringing a mask (master) and a
substrate such as a wafer or the like close to each other
include an X-ray exposure apparatus. For example, an
X-ray exposure apparatus using an SR light source is
disclosed in Japanese Patent Laid-Open No. 2-100311.
[0003] Fig. 1 is a schematic view showing a general
arrangement of a conventional X-ray exposure appara-
tus of this type. In Fig. 1, a mask 101 with a patterned
mask membrane 102 is held by a mask chuck 104
mounted on a mask stage base 106 and aligned with
respect to an X-ray optical path. A wafer 103 is held by
a wafer chuck 105, faces the mask 101, and is spaced
apart from the mask 101 by an infinitesimal distance, i.
e., arranged close to the mask 101. The wafer chuck
105 is mounted on a fine adjustment stage 113 used to
align the mask 101 and wafer 103. The wafer chuck 105
and fine adjustment stage 113 are mounted on a coarse
adjustment stage 112 used for movement between
shots so that the irradiation region of X-ray beams can
be sequentially stepped over a plurality of field angles
of exposure of the wafer 103. The coarse adjustment
stage 112 is guided by a stage base 107. An alignment
scope 108 is designed to measure the amount of shift
between the mask 101 and the wafer 103 in their align-
ment and is mounted on an alignment stage 109. The
alignment stage 109 is mounted on the mask stage base
106 and is used to move alignment light emitted from
the alignment scope 108 to an alignment mark position
(not shown) formed on the mask membrane 102.
[0004] Generally, in an X-ray exposure apparatus, the
mask membrane 102 and wafer 103 are spaced apart
from each other by an infinitesimal distance of 10 to 30
µm to face each other, and exposure (proximity expo-
sure) is performed using the step & repeat scheme, in
which exposure of the wafer 103 to the pattern on the
mask membrane 102 is repeated a plurality of number
of times.
[0005] The procedure for performing exposure by glo-
bal alignment in this conventional X-ray exposure appa-
ratus will be described below.

(1) The coarse adjustment stage 112 is driven such
that the first shot of the wafer 103 in global align-
ment is located below the mask membrane 102.
(2) The fine adjustment stage 113 drives the wafer
103 such that the distance (to be referred to as a
gap hereinafter) between the mask 101 and the wa-

fer 103 changes from the gap for stepping to the
gap for gap measurement and performs gap meas-
urement by the alignment scope 108.
(3) After the fine adjustment stage 113 makes the
wafer 103 parallel to the mask 101, a measuring unit
(not shown) measures a shift in the in-plane direc-
tion between the mask 101 and the wafer 103 at a
plurality of points, and a controller (not shown) cal-
culates the correction amount of the positional shift
of each shot.
(4) The coarse adjustment stage 112 drives the wa-
fer 103 such that the first shot of the wafer 103 in
exposure is located below the mask membrane
102. After the fine adjustment stage 113 corrects
the in-plane positional shift of the shot, the fine ad-
justment stage 113 adjusts the gap so as to equal
the gap for exposure.
(5) The X-ray exposure apparatus performs expo-
sure.
(6) The fine adjustment stage 113 adjusts the gap
so as to equal the gap for stepping, and the coarse
adjustment stage 112 steps the wafer 103 to the
second shot in exposure.

[0006] The X-ray exposure apparatus performs expo-
sure for a predetermined number of shots of the wafer
103 by repeating the steps (4) to (6) in the same manner.
[0007] However, a conventional X-ray exposure ap-
paratus does not take any measurement error induced
by wafer process into consideration in gap measure-
ment, posing the following problems.
[0008] When gap setting is performed on the basis of
the measurement result including any measurement er-
ror induced by the wafer process, an error occurs in gap
setting by the magnitude corresponding to the measure-
ment error. As a result, imaging performance degrades
and overlay accuracy decreases. Note that in this spec-
ification, measurement errors induced by the process
include ones due to unevenness of the wafer surface (e.
g., unevenness of the pattern, defects due to a foreign
substance, roughness of the wafer surface, unevenness
of the reverse surface of the photoresist applied to the
wafer surface, and the like). Additionally, these prob-
lems are not limited to the proximity scheme. For exam-
ple, similar problems arise in, e.g., AF measurement by
reduction projection exposure using an excimer laser as
a light source.
[0009] Generally, in reduction projection exposure,
AF measurement is performed by diagonally projecting
light onto the wafer surface and detecting its reflection
light as the height of the wafer surface using a CCD or
the like. In this method as well, the wafer process induc-
es measurement errors. For this reason, a preceding
wafer is used to perform pre-exposure, thereby deter-
mining the best focus from the exposure result, for each
wafer layer (exposure step). In actual exposure, any
measurement error is reflected as an offset value in AF
measurement or AF setting on the basis of the best fo-
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cus.
[0010] However, as described above, a method of ex-
posing a preceding wafer to obtain an offset value poses
a problem that the operating time of the exposure appa-
ratus shortens to reduce the productivity of devices.

SUMMARY OF THE INVENTION

[0011] Embodiments of the present invention seek to
reduce the above-mentioned problems, and to increase
the productivity of devices.
[0012] According to the first aspect of the present in-
vention, there is provided a semiconductor exposure ap-
paratus for tranfering a pattern of a master onto a wafer,
comprising a measuring unit which measures wafer
height information, and an adjustment unit which adjusts
a position of the master in a direction of height and/or a
position of the wafer in a direction of height on the basis
of wafer height information in a preceding exposure step
and wafer height information in a current exposure step.
[0013] According to a preferred embodiment of the
present invention, the apparatus preferably further com-
prises a processor which stores the wafer height infor-
mation in a memory.
[0014] According to a preferred embodiment of the
present invention, the processor preferably associates
the wafer height information with identification informa-
tion for identifying the wafer to store the associated in-
formation in the memory.
[0015] According to a preferred embodiment of the
present invention, the processor preferably reads out
the wafer height information in the preceding exposure
step from the memory on the basis of the identification
information.
[0016] According to a preferred embodiment of the
present invention, the processor preferably stores in the
memory at least one of a height of the wafer from a pre-
determined reference position and an amount of adjust-
ment by the adjustment unit as the wafer height infor-
mation.
[0017] According to a preferred embodiment of the
present invention, the apparatus preferably further com-
prises a controller which outputs a command value for
controlling the adjustment unit on the basis of the wafer
height information in the preceding exposure step and
the wafer height information in the current exposure
step.
[0018] According to a preferred embodiment of the
present invention, the apparatus preferably further com-
prises a controller which has a function of, when a dif-
ference between the wafer height information in the pre-
ceding exposure step and the wafer height information
in the current exposure step is not less than a predeter-
mined value, stopping operation of the apparatus.
[0019] According to a preferred embodiment of the
present invention, the controller preferably performs an
operation of adding the wafer height information in the
preceding exposure step and the wafer height informa-

tion in the current exposure step in a predetermined ra-
tio, and the adjustment unit preferably adjusts the posi-
tion of the master in the direction of height and/or the
position of the wafer in the direction of height on the ba-
sis of the operation result obtained by the controller.
[0020] According to a preferred embodiment of the
present invention, the controller preferably has an eval-
uation function for changing the ratio in accordance with
each exposure step on the basis of the wafer height in-
formation in the preceding exposure step and the wafer
height information in the current exposure step.
[0021] According to a preferred embodiment of the
present invention, the adjustment unit preferably adjusts
the position of the master in the direction of height and/
or the position of the wafer in the direction of height such
that a distance between the master and the wafer equals
a predetermined infinitesimal distance.
[0022] According to a preferred embodiment of the
present invention, the adjustment unit preferably adjusts
the position of the master in the direction of height and/
or the position of the wafer in the direction of height such
that the position of the wafer in the direction of height
equals a focus position of exposure light.
[0023] According to the second aspect of the present
invention, there is provided a method of controlling an
exposure apparatus for transfering a pattern of a master
onto a wafer, comprising a measurement step of meas-
uring wafer height information, and an adjustment step
of adjusting a position of the master in a direction of
height and/or a position of the wafer in a direction of
height on the basis of wafer height information in a pre-
ceding exposure step and wafer height information in a
current exposure step.
[0024] According to the third aspect of the present in-
vention, there is provided a semiconductor device man-
ufacturing method comprising a coating step of coating
a substrate with a photosensitive agent, an exposure
step of transferring a pattern onto the substrate coated
with the photosensitive agent in the coating step using
a semiconductor exposure apparatus as defined in any
one of claims 1 to 11, and a development step of devel-
oping the photosensitive agent on the substrate, onto
which the pattern is transferred in the exposure step.
[0025] Embodiments of the invention will be de-
scribed in conjunction with the accompanying drawings,
in which like reference characters designate the same
or similar parts throughout the figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are incor-
porated in and constitute a part of the specification, il-
lustrate embodiments of the invention.

Fig. 1 is a schematic view showing a general ar-
rangement of a conventional X-ray exposure appa-
ratus;
Fig. 2 is a schematic view showing part of the ar-
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rangement of a semiconductor exposure apparatus
according to a preferred embodiment of the present
invention;
Fig. 3 is a view for explaining exposure operation
by global alignment in the semiconductor exposure
apparatus according to the preferred embodiment
of the present invention;
Fig. 4 is a flow chart of the exposure operation by
global alignment in the semiconductor exposure ap-
paratus according to the preferred embodiment of
the present invention;
Fig. 5 is a schematic view showing AF measure-
ment exposure operation in the semiconductor ex-
posure apparatus according to the preferred em-
bodiment of the present invention;
Fig. 6 is a schematic view showing mix & match ex-
posure operation in a semiconductor exposure ap-
paratus according to another preferred embodi-
ment of the present invention;
Fig. 7 is a flow chart showing the flow of the whole
manufacturing process of a semiconductor device;
and
Fig. 8 is a flow chart showing the detailed flow of
the wafer process.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[First Embodiment]

[0027] Fig. 2 is a schematic view showing part of the
arrangement of a semiconductor exposure apparatus
according to a preferred embodiment of the present in-
vention.
[0028] In the semiconductor exposure apparatus
shown in Fig. 2, exposure light emitted from an optical
system (not shown) irradiates a mask 1, and the pattern
image of the mask 1 is formed on a wafer 3. A measuring
unit 201 measures the positions of the mask 1 and/or
the wafer 3 in their respective directions of height and
stores the measurement result in a memory 202. The
memory 202 may be provided in or outside the semicon-
ductor exposure apparatus. The above-mentioned
measurement result may temporarily be stored in a
memory within the semiconductor exposure apparatus
and then transferred to a memory provided outside the
semiconductor exposure apparatus. Adjustment units
203 have a function of adjusting the positions of the
mask 1 and/or the wafer 3 in their respective directions
of height. The adjustment unit 203 on the wafer side can
comprise, e.g., a wafer chuck which holds the wafer and/
or a Z tilt stage which moves the wafer in its direction of
height. The adjustment unit 203 on the mask side can
comprise, e.g., a mask chuck which holds the mask and/
or a mask stage which moves the mask in its direction
of height. The adjustment units 203 adjust the positions
of the mask 1 and/or the wafer 3 in their respective di-
rections of height on the basis of the wafer height infor-

mation in the current exposure step obtained by the
measuring unit 201 and that in past exposure steps
stored in, e.g., the memory 202.
[0029] Fig. 3 is a view for explaining exposure opera-
tion by global alignment in the semiconductor exposure
apparatus according to the preferred embodiment of the
present invention. In Fig. 3, the mask 1 with a mask
membrane 2 on which a pattern is formed is held by a
mask stage 4 with a mask chuck mounted on a mask
stage base 6. The mask 1 is aligned with respect to an
X-ray optical path. The wafer 3 serving as a substrate,
which faces the mask 1 and is spaced apart from the
mask 1 by an infinitesimal distance, i.e., arranged close
to the mask 1, is held by a wafer chuck 5. The wafer
chuck 5 is mounted on a Z tilt stage 13 used to align the
mask 1 and wafer 3. In addition, the wafer chuck 5 and
Z tilt stage 13 are mounted on an X-Y stage 12 used for
movement between shots so that the irradiation region
of X-ray beams can be sequentially stepped over a plu-
rality of field angles of exposure of the wafer 3. The X-Y
stage 12 is guided by a stage surface plate 7. An align-
ment scope 8 is designed to measure the amount of shift
between the mask 1 and the wafer 3 in their alignment
and is mounted on an alignment stage 9. The alignment
stage 9 is designed to align the alignment scope 8 such
that alignment light emitted from the alignment scope 8
strikes an alignment mark (not shown) formed on the
mask membrane 2 and is mounted on the mask stage
base 6. Though Fig. 3 shows one set of the alignment
scope 8 and the alignment stage 9, the semiconductor
exposure apparatus may have two or more sets of align-
ment scopes and alignment stages. Generally, a semi-
conductor exposure apparatus has three or more sets.
A wafer height sensor 10 is designed to measure the
position of the wafer in its direction of height and inform
a controller 304 of the height information of the wafer.
The wafer height sensor 10 is mounted on the mask
stage base 6. A mask height sensor 11 is designed to
measure the position of the mask in its direction of height
and is mounted on the X-Y stage 12. Though Fig. 3
shows only one wafer height sensor 10, the present in-
vention is not limited to this. A plurality of wafer height
sensors may be provided.
[0030] A processor 301 has a function of managing
for each wafer the wafer height information at the time
of exposure in the preceding layers (exposure steps).
The processor 301 can manage the wafer height infor-
mation by, e.g., having a function of associating the
height information of each wafer with identification infor-
mation for identifying the wafer to store the associated
information in a memory (not shown) and reading out
the wafer height information in the preceding exposure
steps from the memory on the basis of the identification
information. The controller 304 outputs command val-
ues (e.g., a Z tilt correction amount for the Z tilt stage
13) for controlling an adjustment unit (e.g., the Z tilt
stage 13) on the basis of the wafer height information in
the preceding exposure steps which the processor 301
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manages within the memory (not shown) and the current
wafer height information obtained by the wafer height
sensor 10. A console (not shown) can be provided with
the functions to be assigned to the processor 301 or con-
troller 304.
[0031] With the above-mentioned arrangement, the
procedure for performing exposure by global alignment
will be described below. Fig. 4 is a flow chart of exposure
operation by global alignment using the semiconductor
exposure apparatus shown in Fig. 3. Let n be the
number of the current layer (exposure step) at this time,
and (n - 1) be the number of the immediately preceding
layer (exposure step). Assume that the mask 1 and wa-
fer 3 are not held by the mask chuck 4 and wafer chuck
5 in the initial state.
[0032] In step S401, the mask 1 is set at a predeter-
mined position. More specifically, the mask 1 is first con-
veyed to the mask chuck 4 and held by the mask chuck
4. Then, the mask height sensor 11 measures the posi-
tion of the mask 1 in its direction of height, and the mask
stage 4 aligns the mask 1 at the predetermined position
with respect to a predetermined reference position (ap-
paratus reference) on the basis of the measurement re-
sult. Note that since the apparatus reference is a virtual
reference, it is not shown in Fig. 3. The X-Y stage 12 is
driven such that a reference mark base (not shown)
mounted on the X-Y stage 12 is located below the mask
membrane 2. The alignment stage 9 adjusts the position
of the alignment scope 8 such that alignment light emit-
ted from the alignment scope 8 passes through an align-
ment mark on the mask membrane 2, is reflected on the
reference mark base, and returns to the alignment
scope 8.
[0033] In step S402, the wafer height sensor 10 per-
forms mapping of the wafer height information. More
specifically, the wafer chuck 5 first holds the loaded wa-
fer 3. The wafer height sensor 10 measures the position
of the wafer 3 in its direction of height and performs map-
ping of the height from the apparatus reference. At this
stage, the positional relationship between the mask 1 or
wafer 3 and the apparatus reference is obtained, and
gap measurement ends. Mapping includes the following
steps. The controller 304 determines the Z tilt correction
amount of the Z tilt stage 13 in gap setting on the basis
of the nth wafer height information obtained by the wafer
height sensor 10 and preceding height information up
to the (n - 1)th height information of the same wafer al-
ready obtained by the processor 301. This determina-
tion may be performed by, e.g., adding the nth wafer
height information and the preceding height information
up to the (n - 1)th wafer height information in a prede-
termined ratio. The controller 304 calculates a differ-
ence (change in flatness) between the nth wafer height
information and the preceding height information up to
the (n - 1)th wafer height information. If the difference is
equal to or more than a predetermined value, the oper-
ation of the apparatus is preferably stopped. In this case,
a foreign substance or the like may be present on the

reverse surface of the wafer 3. The user preferably per-
forms maintenance such as cleaning of the wafer chuck
5 and the like.
[0034] In step S403, the X-Y stage 12 drives the wafer
3 such that a predetermined shot of the wafer 3 is locat-
ed under the mask membrane 2 in global alignment
measurement. Additionally, at this time, the Z tilt stage
13 preferably adjusts the position of the wafer 3 in the
direction of height such that the gap equals the align-
ment gap (e.g., 25 µm).
[0035] In step S404, the X-Y stage 12 aligns the wafer
3 at each shot position in global alignment measurement
while keeping the alignment gap, and global alignment
is performed in this state.
[0036] In step S405, after the global alignment meas-
urement, the Z tilt stage 13 adjusts the position of the
wafer 3 in the direction of height such that the gap equals
the exposure gap (e.g., 10 µm).
[0037] In step S406, the X-Y stage 12 aligns the wafer
3 at a predetermined shot position on the basis of the
measurement result of the global alignment measure-
ment while keeping the exposure gap.
[0038] In step S407, the semiconductor exposure ap-
paratus performs exposure.
[0039] In step S408, the controller 304 of the semi-
conductor exposure apparatus determines whether ex-
posure is completed for a predetermined number of
shots. If exposure is completed for the predetermined
number of shots (YES in step S408), the flow advances
to step S409. If exposure is not completed for the pre-
determined number of shots (NO in step 5408), the flow
returns to step S406, and exposure processing is per-
formed for the next shot.
[0040] In step S409, the controller 304 of the semi-
conductor exposure apparatus determines whether ex-
posure is completed for a predetermined number of
shots in the current exposure step. If exposure is com-
pleted for the predetermined number of shots (YES in
step S409), the exposure processing ends. If exposure
is not completed for the predetermined number of shots
(NO in step S409), the flow returns to step S402, and
exposure processing is performed for the next shot.
[0041] In the above description, the controller 304 de-
termines the Z tilt correction amount by adding the nth
wafer height information and the preceding height infor-
mation up to the (n - 1)th wafer height information in a
predetermined ratio. However, the present invention is
not limited to this. The controller 304 may have an eval-
uation function for changing the ratio in accordance with
each exposure step on the basis of the wafer height in-
formation in the preceding exposure steps and that in
the current exposure step. For example, to determine
the Z tilt correction amount, an evaluation function may
be prepared to change the ratio of the nth wafer height
information and the preceding height information up to
the (n - 1)th wafer height information in accordance with
each layer (exposure step). In addition, as the preceding
height information up to the (n - 1)th wafer height infor-
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mation, any of the first height information to the (n - 1)
th height information of the wafer may be employed. As
the preceding height information up to the (n - 1)th wafer
height information, the (n -1)th wafer height information,
which is closest to the height information of the nth wafer
to be exposed, is preferably employed. However, if the
thickness of the layer, that of the resist, and the like in
each of the first to the (n - 1)th wafers are known, any
of the first wafer height information to the (n - 1)th wafer
height information may be employed. In this case, the
known thickness information of each layer and resist
may preferably be added to the wafer height information
to manage the resultant information in a memory (not
shown) by the processor 301.
[0042] The wafer height information is not limited to
the height information using the apparatus reference.
For example, the correction amount in the Z tilt stage 13
may represent the wafer height information and be man-
aged. In this case, the controller 304 may convert the
nth wafer height information to the Z tilt correction
amount and add the obtained Z tilt correction amount to
the Z tilt correction amount up to the (n - 1)th Z tilt cor-
rection amount in a predetermined ratio.
[0043] Moreover, in the above description, the wafer
height sensor 10 measures the height of the wafer 3 and
then performs mapping of the height from the apparatus
reference. However, the present invention is not limited
to this. For example, this embodiment can be applied to
a case wherein AF measurement is performed by die-
by-die. In this case, since AF measurement is performed
for every gap setting, the wafer height sensor 10 is not
necessarily used. For example, the alignment scope 8
preferably directly performs AF measurement.
[0044] In this embodiment, a console (not shown) can
be provided with the functions to be assigned to the
processor 301 or controller 304, as described above.
However, this embodiment is not limited to this. A com-
puter other than the console may have these functions.
Additionally, in the above description, the controller 304
determines whether the difference between the nth wa-
fer height information and wafer height information up
to the (n - 1)th wafer height information is equal to or
more than a predetermined value in the processing flow
of the wafer height information and the Z tilt correction
amount information in Fig. 3. However, the present in-
vention is not limited to this. For example, another con-
troller connected to the controller 304 may have this de-
termination function. The controller 304 may determine
the Z tilt correction amount after this determination. Al-
ternatively, the controller 304 may determine the Z tilt
correction amount only if the difference between the nth
wafer height information and the wafer height informa-
tion up to the (n - 1)th wafer height information is equal
to or less than the predetermined value.
[0045] In this embodiment, the wafer height informa-
tion is described in consideration of AF measurement
by mapping or die-by-die. However, this embodiment is
not limited to this. For example, this embodiment can be

applied to a case wherein focus alignment is performed
simultaneously with AF measurement in real time, as
shown in Fig. 5.
[0046] Fig. 5 shows operation obtained by adding the
characteristic features of the present embodiment to AF
measurement by general reduction projection expo-
sure. In Fig. 5, the wafer 3 serving as a substrate is held
by the wafer chuck 5. The wafer chuck 5 is mounted on
the Z tilt stage 13 used to align the wafer 3. The wafer
chuck 5 and Z tilt stage 13 are mounted on the X-Y stage
12 used for movement between shots so that the irradi-
ation region of exposure light can be sequentially
stepped or scanned over a plurality of field angles of
exposure of the wafer 3. The X-Y stage 12 is guided by
the stage surface plate 7. To obtain the wafer height in-
formation, a light-projecting unit 14 diagonally projects
light onto the surface of the wafer, and a light-receiving
unit 15 receives light reflected by the wafer 3. The light-
receiving unit 15 incorporates a CCD or the like and cal-
culates the height of the wafer 3 from the barycentric
position of the reflected light. The device to be incorpo-
rated in the light-receiving unit 15 is not limited to the
CCD. For example, a PSD may be incorporated instead.
Additionally, the light-projecting unit 14 preferably
projects light using an LD, LED, or the like. The proces-
sor 301 manages for each wafer the wafer height infor-
mation obtained when the preceding layers (exposure
steps) are exposed. The processor 301 manages the
wafer height information by, e.g., having a function of
associating the height information of each wafer with
identification information for identifying the wafer to
store the associated information in a memory (not
shown) and reading out the wafer height information in
the preceding exposure step from the memory on the
basis of the identification information. Though Fig. 5
shows only one set of the light-projecting unit 14 and the
light-receiving unit 15, the semiconductor exposure ap-
paratus may have a plurality of sets. The controller 304
outputs command values (e.g., a Z tilt correction amount
for the Z tilt stage 13) for controlling an adjustment unit
(e.g., the Z tilt stage 13) on the basis of the wafer height
information in the preceding exposure step managed by
the processor 301 and the current wafer height informa-
tion obtained by the light-receiving unit 15. A console
(not shown) can be provided with the functions to be as-
signed to the processor 301 or controller 304.
[0047] The first embodiment will be described next
with reference to Fig. 5 wherein focus alignment is per-
formed simultaneously with AF measurement in real
time, thereby exposing the nth layer (exposure step).
[0048] The light-projecting unit 14 and light-receiving
unit 15 measure the height of the first shot or its vicinity
of the wafer 3. The controller 304 determines the Z tilt
correction amount of the Z tilt stage 13 on the basis of
the obtained wafer height information and, e.g., wafer
height information up to the (n - 1)th height information
of the same wafer already obtained by the processor
301.
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[0049] In the above description, the controller 304 de-
termines the Z tilt correction amount by adding the nth
wafer height information and, e.g., the wafer height in-
formation up to the (n - 1)th wafer height information of
the same wafer in a predetermined ratio. However, the
present invention is not limited to this. The controller 304
may have an evaluation function for changing the ratio
in accordance with each exposure step on the basis of
the wafer height information in the preceding exposure
steps and that in the current exposure step. For exam-
ple, to determine the Z tilt correction amount, an evalu-
ation function may be prepared to change the ratio of
the nth wafer height information and the wafer height
information up to the (n - 1)th wafer height information
in accordance with each layer (exposure step).
[0050] In addition, as the wafer height information up
to the (n - 1)th wafer height information, any of the first
wafer height information to the (n - 1)th wafer height in-
formation may be employed. The correction amount in
the Z tilt stage 13 may represent the wafer height infor-
mation and be managed.
[0051] The controller 304 calculates a difference
(change in flatness) between the nth wafer height infor-
mation and the wafer height information up to the (n - 1)
th wafer height information. If the difference is equal to
or more than a predetermined value, the operation of
the apparatus is preferably stopped. In this case, a for-
eign substance or the like may be present on the reverse
surface of the wafer 3. The user preferably performs
maintenance including cleaning of the wafer chuck 5.
[0052] In this embodiment, a console (not shown) can
be provided with the functions to be assigned to the
processor 301 or controller 304, as described above.
However, this embodiment is not limited to this. A com-
puter other than the console may have these functions.
Additionally, in the above description, the controller 304
determines whether the difference between the nth wa-
fer height information and the wafer height information
up to the (n - 1)th wafer height information is equal to or
more than a predetermined value in the flow of the wafer
height information and the Z tilt correction amount infor-
mation in Fig. 5. However, another controller connected
to the controller 304 may have this determination func-
tion. The controller 304 may determine the Z tilt correc-
tion amount after this determination. Alternatively, the
controller 304 may determine the Z tilt correction
amount only if the difference between the nth wafer
height information and the wafer height information up
to the (n - 1)th wafer height information is equal to or
less than the predetermined value.

[Second Embodiment]

[0053] The first embodiment has described that all the
layers (exposure steps) are exposed by one exposure
apparatus. On the contrary, in the second embodiment,
an arrangement which supports the mix & match
scheme will be described with reference to Fig. 6.

Though focus alignment simultaneously with AF meas-
urement in real time, described in the first embodiment,
will be explained here by applying Fig. 5, this embodi-
ment can also be applied to the exposure apparatus us-
ing the mapping scheme described with reference to
Fig. 3. In addition, this embodiment can be applied to
the mix & match scheme, which combines the mapping
scheme, die-by-die scheme, and real-time scheme. In
the same manner as in the first embodiment, let n be
the number of a layer (exposure step) to be exposed
this time, and (n - 1) be the number of an immediately
preceding exposed layer (exposure step).
[0054] In Fig. 6, a wafer 3 serving as a substrate is
held by a wafer chuck 5. The wafer chuck 5 is mounted
on a Z tilt stage 13 used to align the wafer 3. The wafer
chuck 5 and Z tilt stage 13 are mounted on an X-Y stage
12 used for movement between shots so that the irradi-
ation region of exposure light can be sequentially
stepped or scanned over a plurality of field angles of
exposure of the wafer 3. The X-Y stage 12 is guided by
a stage surface plate 7. To obtain the wafer height infor-
mation, a light-projecting unit 14 diagonally projects light
onto the surface of the wafer, and a light-receiving unit
15 receives light reflected by the wafer 3. The light-re-
ceiving unit 15 incorporates a CCD or the like and cal-
culates the height of the wafer 3 from the barycentric
position of the reflected light. The device to be incorpo-
rated in the light-receiving unit 15 is not limited to the
CCD. For example, a PSD may be incorporated instead.
Additionally, the light-projecting unit 14 preferably
projects light using an LD, LED, or the like. Though Fig.
5 shows only one set of the light-projecting unit 14 and
the light-receiving unit 15, the semiconductor exposure
apparatus may have a plurality of sets. A first processor
302 has a function of managing for each wafer the wafer
height information obtained when the (n - 1)th layer is
exposed. The first processor 302 manages the wafer
height information by, e.g., having a function of associ-
ating the height information of each wafer with identifi-
cation information for identifying the wafer to store the
associated information in a memory (not shown) and
reading out the wafer height information in the preceding
exposure step from the memory on the basis of the iden-
tification information. Note that the first processor 302
is arranged in an exposure apparatus which exposed
the (n - 1)th layer. A second processor 303 is arranged
in an exposure apparatus which is ready to expose the
nth layer. The second processor 303 obtains the (n - 1)
th wafer height information from the first processor 302
and performs exposure processing. The second proc-
essor 303 manages the wafer height information by, e.
g., having a function of associating the height informa-
tion of each wafer with identification information for iden-
tifying the wafer to store the associated information in a
memory (not shown) and reading out the wafer height
information in the preceding exposure step from the
memory on the basis of the identification information, in
the same manner as in the first processor 302. Addition-
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ally, a controller 304 obtains the wafer height information
from the light-receiving unit 15 and the wafer height in-
formation which was obtained when the preceding lay-
ers (exposure steps) were exposed and is managed by
the second processor 303 and determines the Z tilt cor-
rection amount for the Z tilt stage 13. A console (not
shown) can be provided with the functions instead to be
assigned to the first processor 302, second processor
303, or controller 304.
[0055] Care must be taken for operation of the second
processor 303. Assume that the second processor 303
passes the wafer height information, which is obtained
when the (n - 1)th layer (exposure step) is exposed and
supplied from the first processor 302, directly to the con-
troller 304. In this case, since the relationship between
the wafer height measurement information and the cor-
rection amount of the Z tilt stage 13 varies among ap-
paratuses, high-accuracy AF setting or gap setting can-
not be performed. This is because the same wafer 3 has
different pieces of wafer height information. Typical fac-
tors for this include the flatness of the stage surface
plate 7. Since the X-Y stage 12 is guided by the stage
surface plate 7 to move, the wafer height information is
substantially equivalent to the flatness of the stage sur-
face plate 7 even if the flatness of the wafer 3 is 0. Ad-
ditionally, since the flatness of the stage surface plate 7
varies among exposure apparatuses, the information on
differences among apparatuses in the relationships be-
tween the respective pieces of wafer height information
and the respective correction amounts must be man-
aged in advance.
[0056] To this end, it is effective to employ a method
of, e.g., performing pre-exposure for a preceding wafer
once and obtaining the apparatus difference information
from the exposure transfer accuracy to supply it as an
offset to the second processor 303. The wafer height
information obtained from a wafer formed only by coat-
ing a bare wafer with a photoresist has a measurement
error of the smallest magnitude generated by the proc-
ess. For this reason, if a wafer formed by coating a bare
wafer with a photoresist is used as a preceding wafer to
obtain in advance the relationship between the wafer
height information and the resist image, the relationship
between the wafer height information with respect to the
resist image and the Z tilt correction amount can be ob-
tained for each exposure apparatus. The second proc-
essor 303 only needs to manage the relationship be-
tween the obtained wafer height information and the ob-
tained Z tilt correction amount as information on differ-
ences among apparatuses. Alternatively, the second
processor 303 may calibrate the measurement result
from the light-receiving units 15 of all the exposure ap-
paratuses in the above-mentioned manner, instead of
supplying an offset to the second processor 303.
[0057] The exposure apparatus which exposed the (n
- 1)th layer can serve as an exposure apparatus which
exposes the (n + 1)th layer. More specifically, the first
processor 302 preferably has the same function as that

of the second processor 303. For this reason, the proc-
essors of all the exposure apparatuses preferably man-
age the information on differences among the exposure
apparatuses in the relationships between the respective
pieces of wafer height information and the respective Z
tilt correction amounts. If an exposure apparatus to be
used for exposure of a predetermined layer (exposure
step) is determined in advance in the device manufac-
turing process, the processors only need to manage the
differences among these exposure apparatuses along
the flow of the device manufacturing.
[0058] With the above-mentioned method, the sec-
ond processor 303 can manage the information on dif-
ferences among apparatuses in the relationships be-
tween the respective pieces of wafer height measure-
ment information and the respective correction
amounts.
[0059] Next, a case will be described with reference
to Fig. 6 wherein the nth layer is exposed in this embod-
iment.
[0060] The light-projecting unit 14 and light-receiving
unit 15 first measure the height of the first shot or its
vicinity of the wafer 3. Then, the second processor 303
corrects the above-mentioned apparatus difference to
calculate the nth wafer height information on the basis
of the wafer height information obtained by the light-pro-
jecting unit 14 and light-receiving unit 15 and the wafer
height information up to the (n - 1)th wafer height infor-
mation obtained from the first processor 302. The con-
troller 304 determines the Z tilt correction amount of the
Z tilt stage 13 on the basis of the wafer height informa-
tion calculated by the second processor 303.
[0061] In the above description, this determination is
performed by adding the nth wafer height information
and the wafer height information up to the (n - 1)th wafer
height information of the same wafer in a predetermined
ratio, in the same manner as in the first embodiment.
However, the present invention is not limited to this. The
controller 304 may have an evaluation function for
changing the ratio in accordance with each exposure
step on the basis of the wafer height information in the
preceding exposure steps and that in the current expo-
sure step. For example, to determine the Z tilt correction
amount, an evaluation function may be prepared to
change the weights (ratio) of the nth wafer height infor-
mation and the wafer height information up to the (n - 1)
th wafer height information in accordance with each lay-
er (exposure step).
[0062] In addition, as the wafer height information up
to the (n - 1)th wafer height information, any of the first
wafer height information up to the (n - 1)th wafer height
information may be employed. The correction amount
in the Z tilt stage 13 may be substituted for the wafer
height information and managed.
[0063] The controller 304 calculates a difference
(change in flatness) between the nth wafer height infor-
mation and the wafer height information up to the (n - 1)
th wafer height information. If the difference is equal to
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or more than a predetermined value, the operation of
the apparatus is preferably stopped. In this case, a for-
eign substance may be present on the reverse surface
of the wafer 3. The user preferably performs mainte-
nance including cleaning of the wafer chuck 5.
[0064] In this embodiment, a console (not shown) can
be provided with the functions to be assigned to the
processor 301 or controller 304, as described above.
However, this embodiment is not limited to this. A com-
puter other than the console may have these functions.
Additionally, in the above description, the controller 304
determines whether the difference between the nth wa-
fer height information and the wafer height information
up to the (n - 1)t wafer height information is equal to or
more than a predetermined value in the processing flow
of the wafer height information and the Z tilt correction
amount information in Fig. 6. However, the present in-
vention is not limited to this. Another controller connect-
ed to the controller 304 may have this determination
function. The controller 304 may determine the Z tilt cor-
rection amount after this determination. Alternatively,
the controller 304 may determine the Z tilt correction
amount only if the difference between the nth wafer
height information and the wafer height information up
to the (n - 1)th wafer height information is equal to or
less than the predetermined value.
[0065] In this embodiment, each exposure apparatus
has the first processing means and second processing
means. However, the present invention is not limited to
this. For example, if a plurality of exposure apparatuses
share and collectively manage a processor, each expo-
sure apparatus need not have a processing means. In
this case, each apparatus can acquire the substrate
height information obtained when the preceding layers
are exposed by accessing the processor or processors.
[0066] As can be seen from the above description, ac-
cording to the embodiments, alignment errors induced
by the process can be reduced by aligning the wafer at
a gap position or focus position on the basis of the wafer
height information in the preceding exposure steps as
well as that in the current exposure step. As a result, the
productivity of devices can be increased. In addition,
since AF measurement accuracy, gap measurement ac-
curacy, and the like can be increased, the exposure
transfer accuracy can be increased. This can also in-
crease the productivity of devices.
[0067] If the difference between the height informa-
tion of the first substrate and that of the second substrate
is larger than a predetermined value, the operation of
the apparatus can be stopped, and any foreign sub-
stance in a substrate holding unit can be detected at an
early stage. Thus, the productivity including the yield of
devices increases.
[0068] Moreover, the present invention can support
not only a case wherein all the layers are exposed by
one exposure apparatus, but also the mix & match
scheme in which a plurality of exposure apparatuses are
prepared, and one of them is selected in accordance

with each layer (exposure step) to expose the layer.

[Other Embodiment]

[0069] The manufacturing process of a semiconduc-
tor device using the above-mentioned exposure appa-
ratus will be described next. Fig. 7 shows the flow of the
whole manufacturing process of the semiconductor de-
vice. In step 1 (circuit design), a semiconductor device
circuit is designed. In step 2 (mask formation), a mask
having the designed circuit pattern is formed. In step 3
(wafer manufacture), a wafer is manufactured by using
a material such as silicon. In step 4 (wafer process)
called a preprocess, an actual circuit is formed on the
wafer by lithography using the prepared mask and wa-
fer. Step 5 (assembly) called a post-process is the step
of forming a semiconductor chip by using the wafer
formed in step 4, and includes an assembly process
(dicing and bonding) and packaging process (chip en-
capsulation). In step 6 (inspection), the semiconductor
device manufactured in step 5 undergoes inspections
such as an operation confirmation test and durability
test. After these steps, the semiconductor device is
completed and shipped (step 7).
[0070] Fig. 8 shows the detailed flow of the above-
mentioned wafer process. In step 11 (oxidation), the wa-
fer surface is oxidized. In step 12 (CVD), an insulating
film is formed on the wafer surface. In step 13 (electrode
formation), an electrode is formed on the wafer by vapor
deposition. In step 14 (ion implantation), ions are im-
planted in the wafer. In step 15 (resist processing), a
photosensitive agent is applied to the wafer. In step 16
(exposure), the circuit pattern is transferred onto the wa-
fer using the above-mentioned exposure apparatus. In
step 17 (development), the exposed wafer is developed.
In step 18 (etching), the resist is etched except for the
developed resist image. In step 19 (resist removal), an
unnecessary resist after etching is removed. These
steps are repeated to form multiple circuit patterns on
the wafer.
[0071] Embodiments of the present invention may
help to increase, e.g., the productivity of devices.
[0072] As many apparently widely different embodi-
ments of the present invention can be made without de-
parting from the scope thereof, it is to be understood
that the invention is not limited to the specific embodi-
ments thereof.

Claims

1. A semiconductor exposure apparatus for transfer-
ing a pattern of a master onto a wafer, comprising:

a measuring unit which measures wafer height
information; and
an adjustment unit which adjusts a position of
the master in a direction of height and/or a po-
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sition of the wafer in a direction of height on the
basis of wafer height information in a preceding
exposure step and wafer height information in
a current exposure step.

2. The apparatus according to claim 1, further com-
prising a processor which stores the wafer height
information in a memory.

3. The apparatus according to claim 2, wherein the
processor associates the wafer height information
with identification information for identifying the wa-
fer to store the associated information in the mem-
ory.

4. The apparatus according to claim 3, wherein the
processor reads out the wafer height information in
the preceding exposure step from the memory on
the basis of the identification information.

5. The apparatus according to claim 4, wherein the
processor stores in the memory at least one of a
height of the wafer from a predetermined reference
position and an amount of adjustment by said ad-
justment unit as the wafer height information.

6. The apparatus according to claim 1, further com-
prising a controller which outputs a command value
for controlling said adjustment unit on the basis of
the wafer height information in the preceding expo-
sure step and the wafer height information in the
current exposure step.

7. The apparatus according to claim 1, further com-
prising a controller which has a function of, when a
difference between the wafer height information in
the preceding exposure step and the wafer height
information in the current exposure step is not less
than a predetermined value, stopping operation of
the apparatus.

8. The apparatus according to claim 6, wherein the
controller performs an operation of adding the wafer
height information in the preceding exposure step
and the wafer height information in the current ex-
posure step in a predetermined ratio, and said ad-
justment unit adjusts the position of the master in
the direction of height and/or the position of the wa-
fer in the direction of height on the basis of the op-
eration result obtained by the controller.

9. The apparatus according to claim 8, wherein the
controller has an evaluation function for changing
the ratio in accordance with each exposure step on
the basis of the wafer height information in the pre-
ceding exposure step and the wafer height informa-
tion in the current exposure step.

10. The apparatus according to claim 1, wherein said
adjustment unit adjusts the position of the master in
the direction of height and/or the position of the wa-
fer in the direction of height such that a distance be-
tween the master and the wafer equals a predeter-
mined infinitesimal distance.

11. The apparatus according to claim 1, wherein said
adjustment unit adjusts the position of the master in
the direction of height and/or the position of the wa-
fer in the direction of height such that the position
of the wafer in the direction of height equals a focus
position of exposure light.

12. A method of controlling a semiconductor exposure
apparatus for transferinga pattern of a master onto
a wafer, comprising:

a measurement step of measuring wafer height
information; and
an adjustment step of adjusting a position of the
master in a direction of height and/or a position
of the wafer in a direction of height on the basis
of wafer height information in a preceding ex-
posure step and wafer height information in a
current exposure step.

13. A semiconductor device manufacturing method
comprising:

a coating step of coating a wafer with a photo-
sensitive agent;
an exposure step of transferring a pattern onto
the wafer coated with the photosensitive agent
in the coating step using a semiconductor ex-
posure apparatus as defined in any one of
claims 1 to 11; and
a development step of developing the photo-
sensitive agent on the wafer, onto which the
pattern is transferred in the exposure step.

14. A semiconductor exposure method comprising a
plurality of successive exposure steps, in each of
which a substrate is exposed at one or more loca-
tions with the pattern of a respective master used
in that exposure step,

characterised in that at least one exposure
step comprises:

obtaining information relating directly or indi-
rectly to the thickness of the substrate, or the
position of its front surface in the thickness di-
rection relative to a reference; and
adjusting the position of at least one of the mas-
ter and the substrate in the thickness direction
on the basis of the said information obtained in
the current exposure step and the said informa-
tion obtained in a previous exposure step for
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the same substrate.
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