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TRANSFER APPARATUS AND TRANSFER 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a transfer apparatus 
and transfer method of fabricating a device by transferring 
an intricate pattern on a mask onto a substrate such as Wafer, 
a glass plate or the like. 

[0003] 2. DESCRIPTION OF THE RELATED ART 

[0004] As the degree of integration of semiconductor 
devices increases and their performance and functions 
improve, the resolution and ?eld angle of lithography appa 
ratuses increase. Also, the transfer method has changed from 
the Wafer full method and the step-and-repeat method to the 
step-and-scan method. Under the circumstances, a scanning 
reduction transfer system using a transfer mask has been 
proposed for an eXposure apparatus using a charged particle 
beam such as an electron beam, Which is eXpected to further 
increase the resolution. 

[0005] In apparatuses of this sort, hoWever, the image 
performance signi?cantly deteriorates When the ?eld angle 
is increased, and the mask used has its structural limits. 
Therefore, a desired pattern is obtained by using a divided 
mask formed by dividing a transfer pattern into a plurality of 
patterns, and sequentially stitching together and transferring 
these divided patterns. 

[0006] The divided mask is formed by arraying divided 
transfer patterns in predetermined positions on a single mask 
substrate. 

[0007] In a transfer method using this divided mask, the 
stitching accuracy With Which adjacent transfer patterns are 
stitched together is important. Hence, the divided transfer 
patterns must be arrayed With extremely high accuracy in 
predetermined positions on a mask. HoWever, When this 
divided mask is formed by using, e.g., an electron beam 
lithography apparatus, the divided mask transfer patterns 
and their array may curve, or the siZe of each pattern may 
deviate from its designed value, depending on the method of 
lithography. Furthermore, errors are also produced by, e.g., 
strain due to temperature changes of the divided mask, strain 
due to mechanical stress, and strain due to changes With 
time. These errors degrade the aforementioned stitching 
accuracy, resulting in defects in a chip. 

[0008] One knoWn method of solving this problem is 
disclosed in Japanese Patent Laid-Open No. 63-73520. In 
this method, the position of a Whole mask is obtained by 
using a dedicated mark, and a temporary coordinate system 
based on the data is used to drive a divided pattern to be 
eXposed neXt to an eXposure position. After that, an align 
ment mark dedicated to each divided pattern is used to align 
each divided transfer pattern. This method is called a die 
by-die method and can perform accurate alignment because 
it separately aligns individual divided patterns. 

[0009] In the above method, hoWever, each divided pat 
tern is once driven by using a temporary coordinate system, 
and then an alignment mark dedicated to this divided pattern 
is used to align the divided transfer pattern. Hence, the 
measurement and driving for alignment are required When 
ever a divided pattern is transferred. These measurement 
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time and driving time reduce the throughput of the entire 
apparatus. The in?uence that this problem has on the 
throughput increases as the number of divided patterns of a 
mask increases. 

[0010] Also, the method disclosed in Japanese Patent 
Laid-Open No. 63-73520 cannot correct the curvature of a 
divided pattern resulting from the lithography method of a 
lithography apparatus used in the process of forming a 
divided mask described previously. 

[0011] Furthermore, in the conventional transfer methods 
one chip can be transferred by at least one shot. In contrast, 
in this transfer method using a divided mask the time 
required to transfer one chip increases With the number of 
divided patterns of the mask. As an eXample, When one chip 
is divided into 5x10 matriX patterns and arranged on a mask, 
these divided patterns are sequentially transferred and 
stitched together, and eXposure of the chip is not completed 
unless all these 50 divided patterns are completely trans 
ferred. If step-and-scan is simply repeated, the load is 50 
times as the number of scanning actions and 5 times or more 
as the eXposure time. 

[0012] To save times for extreme acceleration, decelera 
tion, and stoppage of the stage mounting Wafers or masks, 
therefore, a system is possible Which can transfer divided 
patterns at higher speed by continuously moving the stage 
from one divided pattern to another Without stopping it. 

[0013] Unfortunately, the abovementioned die-by-die 
alignment method cannot be used to transfer divided pat 
terns by continuously moving masks or Wafers. This is so 
because, as described earlier, it is necessary to once position 
each divided pattern by using a temporary coordinate system 
and then align the divided transfer pattern by using an 
alignment mark dedicated to the divided pattern. 

SUMMARY OF THE INVENTION 

[0014] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
a novel transfer apparatus, transfer method, and device 
fabrication method Which improve the accuracy With Which 
partial transfer patterns are stitched together and improve the 
throughput. 
[0015] Atransfer apparatus according to the present inven 
tion is a transfer apparatus for transferring a transfer pattern 
of a transfer mask While moving the transfer mask and a 
substrate relative to each other, the transfer pattern being 
divided into a plurality of partial transfer patterns, and the 
transfer mask having a plurality of alignment marks for 
specifying positions of the plurality of partial transfer pat 
terns, comprising a measuring device for measuring all or 
some of the plurality of alignment marks, and a controller 
for determining a function indicating an arrangement of the 
plurality of partial transfer patterns on the basis of the 
measurements by the measuring device and, during transfer, 
moving a partial transfer mask to be transferred and the 
substrate relative to each other While aligning the transfer 
mask and the substrate in accordance With the function. 

[0016] According to one preferred embodiment of the 
present invention, in the above transfer apparatus the con 
troller preferably determines a function indicating an 
arrangement of partial transfer patterns belonging to each 
mask stripe composed of a plurality of partial transfer 
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patterns arranged in a direction in Which the transfer mask 
and the substrate are moved relative to each other. 

[0017] According to another preferred embodiment of the 
present invention, in the above transfer apparatus the func 
tion is preferably a continuous function. 

[0018] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
controller preferably comprises calculating means for cal 
culating a ratio of a siZe of an actual transfer pattern to a siZe 
of a designed transfer pattern on the basis of the measure 
ments by the measuring device, and correcting means for 
correcting a difference of the siZe of the actual transfer 
pattern from the siZe of the designed transfer pattern, When 
the transfer mask and the substrate are moved relative to 
each other, on the basis of the calculation by the calculating 
means. 

[0019] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
calculating means preferably calculates a ratio of a length of 
the actual transfer pattern to a length of the designed transfer 
pattern in the direction in Which the transfer mask and the 
substrate are moved relative to each other. 

[0020] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
correcting means preferably adjusts a speed at Which the 
transfer mask is moved on the basis of the calculated ratio, 
thereby correcting a difference of the length of the actual 
transfer pattern from the length of the designed transfer 
pattern. 

[0021] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
calculating means preferably calculates a ?rst ratio of a 
length of the actual transfer pattern to a length of the 
designed transfer pattern in a ?rst direction in Which the 
transfer mask and the substrate are moved relative to each 
other, and a second ratio of a length of the actual transfer 
pattern to a length of the designed transfer pattern in a 
second direction perpendicular to the ?rst direction. 

[0022] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
correcting means preferably corrects differences of the 
lengths of the actual transfer pattern from the lengths of the 
designed transfer pattern in the ?rst and second directions on 
the basis of the ?rst and second ratios. 

[0023] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
controller preferably comprises calculating means for cal 
culating a ratio of a siZe of an actual mask stripe, composed 
of a plurality of partial transfer patterns arranged in a 
direction in Which the transfer mask and the substrate are 
moved relative to each other, to a siZe of a designed mask 
stripe, on the basis of the measurements by the measuring 
device, and correcting means for correcting a difference of 
the siZe of the actual mask stripe from the siZe of the 
designed mask stripe, When the transfer mask and the 
substrate are moved relative to each other, on the basis of the 
calculation by the calculating means. 

[0024] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
calculating means preferably calculates a ratio of a length of 
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the actual mask stripe to a length of the designed mask stripe 
in the direction in Which the transfer mask and the substrate 
are moved relative to each other. 

[0025] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
correcting means preferably adjusts a speed at Which the 
transfer mask is moved on the basis of the calculated ratio, 
thereby correcting a difference of the length of the actual 
mask stripe from the length of the designed mask stripe. 

[0026] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
calculating means preferably calculates a ?rst ratio of a 
length of the actual mask stripe to a length of the designed 
mask stripe in a ?rst direction in Which the transfer mask and 
the substrate are moved relative to each other, and a second 
ratio of a length of the actual mask stripe to a length of the 
designed mask stripe in a second direction perpendicular to 
the ?rst direction. 

[0027] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
correcting means preferably corrects differences of the 
lengths of the actual mask stripe from the lengths of the 
designed mask stripe in the ?rst and second directions on the 
basis of the ?rst and second ratios. 

[0028] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
controller preferably calculates a position of the transfer 
mask at the start of transfer on the basis of the function, and 
controls the position of the transfer mask on the basis of the 
calculation result. 

[0029] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus an 
operation of transferring a plurality of partial transfer pat 
terns, belonging to each mask stripe composed of a plurality 
of partial transfer patterns arranged in a direction in Which 
the transfer mask and the substrate are moved relative to 
each other, is preferably successively eXecuted in units of 
mask stripes under the control of the controller. 

[0030] According to still another preferred embodiment of 
the present invention, the above transfer apparatus prefer 
ably further comprises an irradiating unit for irradiating the 
transfer mask With a charged particle beam, a mask stage for 
mounting the transfer mask, a de?ector for de?ecting the 
charged particle beam passing through the transfer mask, 
and a substrate stage for mounting the substrate, Wherein 
When a plurality of partial transfer patterns belonging to one 
mask stripe are to be successively transferred onto the 
substrate, the controller preferably continuously drives the 
mask stage and the substrate stage and controls the de?ector 
such that an image transferred onto the substrate by using 
one partial transfer mask and an image transferred onto the 
substrate by using the neXt partial transfer mask are accu 
rately stitched together. 

[0031] According to still another preferred embodiment of 
the present invention, When in the above transfer apparatus 
a plurality of partial transfer patterns belonging to one mask 
stripe are to be successively transferred onto the substrate, 
the controller preferably linearly continuously drives the 
mask stage and the substrate stage and controls the de?ector 
in accordance With the function. 



US 2002/0163628 A1 

[0032] According to still another preferred embodiment of 
the present invention, the above transfer apparatus prefer 
ably further comprises an irradiating unit for irradiating the 
transfer mask With a charged particle beam, a mask stage for 
mounting the transfer mask, a de?ector for de?ecting the 
charged particle beam passing through the transfer mask, 
and a substrate stage for mounting the substrate. 

[0033] According to still another preferred embodiment of 
the present invention, in the above transfer apparatus the 
irradiating unit preferably irradiates the transfer mask With 
a charged particle beam shaped to have an arcuated section. 

[0034] A transfer method according to the present inven 
tion is a transfer method of transferring a transfer pattern of 
a transfer mask While moving the transfer mask and a 
substrate relative to each other, the transfer pattern being 
divided into a plurality of partial transfer patterns, and the 
transfer mask having a plurality of alignment marks for 
specifying positions of the plurality of partial transfer pat 
terns, comprising a measurement step of measuring all or 
some of the plurality of alignment marks, and a control step 
of determining a function indicating an arrangement of the 
plurality of partial transfer patterns on the basis of the 
measurements in the measurement step and, during transfer, 
moving a partial transfer mask to be transferred and the 
substrate relative to each other While aligning the transfer 
mask and the substrate in accordance With the function. 

[0035] A device fabrication method according to the 
present invention is a device fabrication method in Which a 
transfer method of transferring a transfer pattern of a transfer 
mask While moving the transfer mask and a substrate 
relative to each other is applied to a lithography step, 
Wherein the transfer pattern is divided into a plurality of 
partial transfer patterns, and the transfer mask has a plurality 
of alignment marks for specifying positions of the plurality 
of partial transfer patterns, and the transfer method com 
prises a measurement step of measuring all or some of the 
plurality of alignment marks, and a control step of deter 
mining a function indicating an arrangement of the plurality 
of partial transfer patterns on the basis of the measurements 
in the measurement step and, during transfer, moving a 
partial transfer mask to be transferred and the substrate 
relative to each other While aligning the transfer mask and 
the substrate in accordance With the function. 

[0036] Further objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description of embodiments of the present invention 
With reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a How chart for explaining a mask shot 
transfer method according to the ?rst embodiment of the 
present invention; 

[0038] FIG. 2 is a How chart for explaining a mask shot 
transfer method according to the second embodiment of the 
present invention; 

[0039] FIG. 3 is a How chart for explaining the mask shot 
transfer method according to the ?rst embodiment of the 
present invention; 

[0040] FIG. 4 is a How chart for explaining a mask shot 
transfer method according to the third embodiment of the 
present invention; 
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[0041] FIGS. 5A and 5B are schematic vieWs for explain 
ing mask shots and Wafer shots according to the ?rst to third 
embodiments; 

[0042] FIG. 6 is a schematic vieW for explaining functions 
for determining the positions of mask shots in the present 
invention; 

[0043] FIG. 7 is a schematic vieW for explaining the 
pattern magni?cation of a mask shot in the present inven 
tion; 

[0044] FIG. 8 is a schematic vieW shoWing the arrange 
ment of an exposure apparatus for semiconductor device 
fabrication to Which the transfer method of the present 
invention is applicable; 

[0045] FIG. 9 is a How chart shoWing device fabrication 
steps; and 

[0046] FIG. 10 is a How chart shoWing detailed steps of a 
Wafer process shoWn in FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0047] Embodiments of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 

[0048] (First Embodiment) 
[0049] FIG. 8 is a schematic vieW shoWing the arrange 
ment of an exposure apparatus for semiconductor device 
fabrication to Which the transfer method of the present 
invention is applicable. The same apparatus is used in the 
second and third embodiments to be described later. 

[0050] This exposure apparatus for semiconductor device 
fabrication is controlled by an apparatus controller 16. The 
apparatus controller 16 includes a beam controller 2a for 
controlling the dose of a beam 12 emitted from a beam 
source 1, a mask stage controller 6a for moving a mask 
stage, a de?ector controller 15a for controlling a de?ector 
15, a magni?cation correction controller 8a for controlling 
a magni?cation correcting system 8, and a Wafer stage 
controller 11a for moving a Wafer stage 11. The magni?ca 
tion correcting system 8 corrects the magni?cation of a 
pattern of a transfer mask 3 to be projected onto a Wafer 10. 

[0051] The charged particle beam 12, such as an electron 
beam or an ion beam, emitted from the beam source 1 is fed 
into an illuminating system 4 While the beam controller 2a 
controls the dose by controlling ON/OFF of a beam control 
system 2. The charged particle beam 12 passes through the 
illuminating system 4 and irradiates the transfer mask 3 on 
the mask stage 6. 

[0052] The illuminating system 4 contains a slit plate 13 
having an arcuated slit. The charged particle beam 12 
passing through this illuminating system 4 is so shaped as to 
form an arc in a plane perpendicular to the optical axis. By 
thus shaping the sectional shape of the charged particle beam 
into the form of an arc, it is possible to enlarge the exposure 
region While suppressing the image plane curvature to be 
negligible. In this embodiment, the charged particle beam 12 
having the shape of an arc is used as described above. 
HoWever, this beam shape can also be some other shape. 
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[0053] The mask stage 6 is driven by the mask stage 
controller 6a on the basis of a correction value measured and 
calculated by a mask alignment system 5, thereby aligning 
the transfer mask 3 With the transfer beam 12. 

[0054] The charged particle beam 12 striking the transfer 
mask 3 and patterned by its pattern is de?ected by the 
de?ector 15 and projected by a projecting system 7. After the 
magni?cation correcting system 8 corrects the projection 
magni?cation, the charged particle beam 12 reaches the 
Wafer 10 on the Wafer stage 11 to thereby transfer the pattern 
of the transfer mask 3. 

[0055] The Wafer stage 11 controlled by the Wafer stage 
controller 11a is driven by the Wafer stage controller 11a on 
the basis of a value measured and calculated by a Wafer 
alignment system 14, thereby aligning the Wafer 10. Before 
transfer, the scan moving directions, perpendicularities, the 
pattern magni?cations in a relative scanning direction, and 
the like of the mask stage 6 and the Wafer stage 11 are 
matched. The obtained coordinate system is used as a 
reference coordinate system in all the subsequent steps. 

[0056] An example in Which the transfer method of the 
present invention is applied to the step of transferring the 
transfer mask 3 shoWn in FIG. 5A as a so-called ?rst mask 
onto the Wafer 10 Will be described beloW. 

[0057] FIG. 5A shoWs the transfer mask 3 having 5x5 
divided partial transfer patterns. FIG. 5B shoWs a transfer 
image 101 formed by transferring mask shots 3a to 3y, as the 
partial transfer patterns on the transfer mask 3 shoWn in 
FIG. 5A, onto the Wafer 10. 

[0058] These mask shots 3a to 3y are obtained by dividing 
a Whole pattern corresponding to the transfer image 101 into 
a plurality of segments. Around the mask shots 3a to 3y on 
the transfer mask 3, alignment marks 3a1 to 3y6 for speci 
fying the positions of the mask shots 3a to 3y on the transfer 
mask 3 are arranged. 

[0059] For example, the position of the mask shot 3a is 
speci?ed by the alignment marks 3a1 to 3a6. The mask shots 
3a to 3y on the transfer mask 3 are sequentially transferred 
onto the Wafer 10 With no gaps betWeen them, such that the 
mask shot 3a is transferred to a Wafer shot 10a on the Wafer 
10, the mask shot 3b to a Wafer shot 10b, and so on, thereby 
forming a desired transfer image 101. At the same time, of 
the alignment marks of the mask shots 3a to 36, 3f, 3j, 3k, 
30, 3p, 3t, and 314 to 3y, those on the perimeter of the Whole 
transfer image, e.g., alignment marks 3a1, 3a2, 3a5, and 
3a6, are also transferred onto the Wafer 10 and used in 
alignment of the second and subsequent layers. 

[0060] FIG. 1 is a How chart shoWing details of the 
aforementioned steps, i.e., is a basic How of the present 
invention. 

[0061] The transfer method of the present invention Will 
be described beloW With reference to the How chart shoWn 
in FIG. 1. Note that the Wafer 10 is already loaded into the 
apparatus. 

[0062] First, the transfer mask 3 is loaded onto the mask 
stage 6 (step 20). Next, the mask alignment system 5 
measures the position of the transfer mask 3 and drives the 
mask stage 6 to perform reference alignment (step 21). The 
reference at this time is the reference coordinate system 
described above. The reference axis of the charged particle 
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beam 12 and a separately provided apparatus reference are 
consistent With this reference coordinate system. Accord 
ingly, this reference alignment aligns the transfer mask 3 
With the reference axis of the charged particle beam 12 and 
With the separately provided apparatus reference. 

[0063] Wen the transfer mask 3 is placed in the reference 
position, alignment marks to be used in measurement for 
alignment are designated (step 22). In this example, the 
alignment marks 3a1 to 3a4, 3c1 to 3c4, 361 to 364, 3j1 to 
3f4, 3h1 to 3h4, 3j1 to 3j4, 3k1 to 3k4, 3m1 to 3m4, 301 to 
304, 3p1 to 3p4, 3r1 to 314, 3t1 to 3t4, 3141 to 3144, 3W1 to 
3W4, and 3y1 to 3y4 corresponding to the mask shots 3a, 3c, 
36, 3f, 3h, 3j, 3k, 3m, 30, 3p, 3r, 3t, 3u, 3w, and 3y are 
designated. In this step, the alignment marks of all the mask 
shots can also be designated. HoWever, the throughput of the 
apparatus loWers because the measurement time prolongs as 
the number of marks to be measured increases. 

[0064] Next, the mask alignment system 5 measures the 
positions of the alignment marks 3a1 to 3a4, 3c1 to 3c4, 361 
to 3e4, 3j1 to 3f4, 3h1 to 3h4, 3j1 to 3j4, 3k1 to 3k4, 3m1 to 
3m4, 301 to 304, 3p1 to 3p4, 3r1 to 314, 3t1 to 3t4, 3141 to 
3144, 3W1 to 3W4, and 3y1 to 3y4 corresponding to the mask 
shots 3a, 3c, 36, 3f, 3h, 3j, 3k, 3m, 30, 3p, 3r, 3t, 3u, 3w, and 
3y on the transfer mask 3, designated in step 22 (step 23). 

[0065] For the mask shot 3a, for example, the alignment 
marks 3a5 and 3a6 can also be designated in addition to the 
alignment marks 3a1, 3a2, 3a3, and 3a4. HoWever, the 
position of the mask shot 3a can be speci?ed When the 
positions of the alignment marks 3a1 to 3a4 are knoWn. So, 
these alignment marks 3a5 and 3a6 need not be designated. 

[0066] After the positions of the alignment marks of the 
mask shots 3a, 3c, 36, 3f, 3h, 3j, 3k, 3m, 30, 3p, 3r, 3t, 3u, 
3w, and 3y are measured, these positions of the alignment 
marks 3a1 to 3a4, 3c1 to 3c4, 361 to 364, 3j1 to 3f4, 3h1 to 
3h4, 3j1 to 3j4, 3k1 to 3k4, 3m1 to 3m4, 301 to 304, 3p1 to 
3p4, 311 to 314, 3t1 to 3t4, 3141 to 3144, 3W1 to 3W4, and 3y1 
to 3y4 are individually stored (step 24). 

[0067] The positions of the alignment marks 3a1 to 3a4, 
3c1 to 3c4, 3e1 to 3e4, 3j1 to 3f4, 3h1 to 3h4, 3j1 to 3j4, 3k1 
to 3k4, 3 ml to 3m4, 301 to 304, 3p1 to 3p4, 311 to 314, 3t1 
to 3t4, 3141 to 3144, 3W1 to 3W4, and 3y1 to 3y4 stored in step 
24 are then read out to calculate functions for determining 
the positions of the mask shots 3a to 3y (step 25). 

[0068] FIG. 6 is a vieW shoWing the functions obtained 
from the position data of the alignment marks. This function 
is calculated for each stripe, so a function of a stripe 
constructed of, e.g., the mask shots 3a to 36 is calculated as 
3s1. In a similar fashion, functions 3s2, 3s3, 3s4, and 3s5 are 
calculated for the mask shots 3f to 3j, 3k to 30, 3p to 3t, and 
314 to 3y, respectively. 

[0069] These functions can be calculated by using any of 
various generally knoWn methods, e.g., Nth-order function 
approximation, poWer function approximation, polynomial 
function approximation, and spline interpolation. It is also 
possible to evaluate the distances betWeen a plurality of 
functions obtained by a plurality of these methods and an 
actual mark position by the method of error least squares or 
the like, and use a function best ?tting the actual mark 
position. 
[0070] Subsequently, mask stripe lengths are calculated to 
obtain the pattern magni?cation in the relative scanning 
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direction. For example, the mean value of the distance in the 
relative scanning direction betWeen the alignment mark 3a1 
of the mask shot 3a and the alignment mark 364 of the mask 
shot 36 and the distance in the relative scanning direction of 
the alignment mark 3a2 of the mask shot 36 and the 
alignment mark 363 of the mask shot 36 is calculated as a 
mask stripe length ds1. Analogously, mask stripe lengths ds2 
to ds5 of the other mask stripes are calculated. A mean value 
dsm of these mask stripe lengths ds1 to ds5 is divided by a 
designed mask stripe length ds of the transfer mask 3 to 
obtain a value dsm/ds. This value dsm/ds is a pattern 
magni?cation 5 mm in the relative scanning direction as a 
?rst pattern magni?cation. 

[0071] The functions 3s1 to 3s5 of the individual stripes 
and the pattern magni?cation 5 mm in the relative scanning 
direction calculated as above are stored (step 26). 

[0072] In the steps up to this point, the functions for the 
individual mask stripes and the pattern magni?cation in the 
relative scanning direction of the transfer mask 3 are deter 
mined and stored. In the subsequent steps, on the basis of the 
functions calculated in step 25 the transfer start position of 
each mask shot is determined to proceed on to an actual 
exposure process. 

[0073] From the alignment mark positions of the mask 
shots stored in step 24 and the functions calculated in step 
25, the transfer start position and transfer end position of 
each mask shot are calculated (step 27). 

[0074] Various methods can be used to calculate the 
transfer start position of each mask shot. For the mask shot 
3a, for example, a mean value (A) of the actual positions in 
the relative scanning direction (i.e., the x coordinate) of the 
alignment marks 3a1 and 3a2 is added to the product of a 
designed offset value (B), from the mean position of the 
alignment marks 3a1 and 3a2 to the transfer start position, 
and the pattern magni?cation 5 mm in the relative scanning 
direction calculated in step 25. This sum (A+B><5 mm) is the 
x coordinate of the transfer start position. The x coordinate 
of the transfer end position can be calculated in a similar 
Way. 

[0075] If all the mask shots are designated in step 22, the 
abovementioned processing is performed for all the mask 
shots to calculate their transfer start positions. If not all the 
mask shots are designated in step 22 as in this embodiment, 
the transfer start and end positions of the mask shot 3b are 
calculated as folloWs. For example, the transfer start and end 
positions of the mask shot 3a are calculated folloWing the 
above procedures. FolloWing the same procedures, the trans 
fer start and end positions of the mask shot 3c are calculated. 
After that, the middle point betWeen the x coordinate of the 
transfer start position of the mask shot 3a and the x coor 
dinate of the transfer start position of the mask shot 3c is 
calculated. The transfer end position is similarly calculated. 
The middle point is calculated because the designed position 
of the mask shot 3b is in the middle of the mask shots 3a and 
3c. 

[0076] The transfer start and end positions of the indi 
vidual mask shots thus calculated are stored (step 28). 

[0077] Next, the pattern magni?cation 5 mm in the rela 
tive scanning direction stored in step 26 is read out and set 
in the mask stage controller 6a as a drive factor Which is a 
factor of the driving velocity in the x direction of the mask 
stage 6 (step 29). 
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[0078] When exposure is started (step 30), a mask shot 
number n is initialiZed to 1 (step 31), and the How advances 
to the subsequent shot exposure. 

[0079] If n=1, a mask shot to be transferred is the mask 
shot 3a. The ?rst step of this loop is to read out the transfer 
start and end positions of the ?rst mask shot 3a (step 32). 

[0080] Subsequently, the mask stage 6 having x, y, and 0 
axes is driven to move the mask shot 3a to the readout 
transfer position (step 33). Simultaneously With this opera 
tion, the Wafer stage 11 is driven (step 34) to move the Wafer 
10 to a position Where the ?rst mask shot 3a is to be 
transferred. The positions of these stages driven in steps 33 
and 34 are the start positions of relative scanning. 

[0081] Of the functions stored in step 26, the function of 
the mask stripe including this mask shot (if n=1, the function 
3s1 of the mask stripe including the mask shot 3a) is read out 
(step 35). In this stage, exposure is prepared for this shot. 

[0082] Next, the beam control system 2 is driven to 
irradiate the mask shot 3a With the charged particle beam 12 
to start scanning the region of the Wafer shot 10a on the 
Wafer 10 by the charged particle beam passing through this 
mask shot 3a. The entire region of the mask shot 3a is 
transferred onto the Wafer 10 by scanning the mask stage 6 
and the Wafer stage 11 relative to each other With the charged 
particle beam 12 (step 36). During this transfer, the mask 
stage 6 is driven from the transfer start position to the 
transfer end position such that the charged particle beam 12 
traces the function (if n=1, the function 3s1) read out in step 
35. This feature, i.e., the charged particle beam traces the 
function, is one characteristic feature of the present inven 
tion. With this feature it is possible to correct the curvature 
or strain Which each mask shot has. 

[0083] When this shot is completely exposed, Whether all 
shots are completely exposed is checked (step 37). If not all 
the shots are completely exposed and so the next shot is to 
be exposed, 1 is added to the mask shot number n (step 38), 
and the How returns to step 32. 

[0084] This loop from step 32 to step 38 is repeated and, 
if all the mask shots 3a to 3y are completely processed, the 
How leaves this loop and advances to the next chip process 
ing step (step 39). In this Way, one chip or a Whole pattern 
is transferred onto the Wafer 10. To transfer a plurality of 
chips onto the Wafer 10, the procedure from step 31 to step 
39 in the above How is repeated the same number of times 
as the number of the chips. 

[0085] As described above, some of the alignment marks 
corresponding to the partial transfer patterns on the transfer 
mask 3 are designated. From the positions of these desig 
nated alignment marks, the functions of the individual mask 
stripes are calculated. During transfer, the mask shots and 
the Wafer shots are scanned relative to each other While the 
mask stage 6 and the Wafer stage 11 are so driven that the 
charged particle beam 12 traces these functions. Conse 
quently, the curvature or strain of each mask shot (partial 
transfer pattern) can be corrected. So, the transfer image 101 
With high resolution can be obtained While the alignment 
time is reduced. 

[0086] (Second Embodiment) 
[0087] In this embodiment, the stitching accuracy of par 
tial transfer patterns is further improved by correction using 
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the pattern magni?cation in a direction perpendicular to a 
relative scanning direction of mask shots and Wafer shots, 
i.e., in a y direction. This method is effective When there is 
a difference betWeen the pattern magni?cation in the relative 
scanning direction of mask shots and the pattern magni? 
cation in the direction perpendicular to the relative scanning 
direction. The transfer method of this embodiment Will be 
described beloW With reference to the mask shot layout 
shoWn in FIG. 5A used in the explanation of the ?rst 
embodiment and How charts shoWn in FIGS. 2 and 3. 

[0088] Steps 20 to 26 in the How chart of FIG. 2 are 
identical to the ?rst embodiment described above. That is, 
the transfer mask shoWn in FIG. 5A is loaded into the 
apparatus and subjected to reference alignment, and desig 
nated alignment marks are measured. The alignment marks 
designated are the same as in the ?rst embodiment. In this 
embodiment, hoWever, as Will be described later, the maxi 
mum effect can be obtained When all marks are designated. 
The positions of these alignment marks are calculated from 
the measurement results, and functions for individual mask 
stripes and a pattern magni?cation 5 mm in the relative 
scanning direction of a transfer mask 3 are calculated and 
stored (steps 23 to 26). 

[0089] Next, the positions of the alignment marks stored 
in step 24 are read out to calculate a pattern magni?cation 
Mvn in the direction perpendicular to the relative scanning 
direction of the mask shots (step 200). 

[0090] This processing is as folloWs. For a mask shot 3a 
shoWn in FIG. 7, for example, let dva1 be the spacing 
betWeen actual mark positions of alignment marks 3a1 and 
3a2 and dva3 be the spacing betWeen actual mark positions 
of alignment marks 3a3 and 3a4. The mean value of dva1 
and dva3 is divided by a designed mark spacing Dvf to 
calculate (dva1+dva3)/2Dvf as a pattern magni?cation Mv1 
in the direction perpendicular to the relative scanning direc 
tion. If not all the mask shots are designated in step 22, the 
mean value of pattern magni?cations Mvn in the direction 
perpendicular to the relative scanning direction of the des 
ignated mask shots is calculated (step 200). This mean value 
is stored as a mean pattern magni?cation Mm in the direc 
tion perpendicular to the relative scanning direction of the 
mask shots (step 201). If all the mask shots are designated 
in step 22, the pattern magni?cations Mvn in the direction 
perpendicular to the relative scanning direction of all the 
mask shots are stored as the second pattern magni?cations 
(step 201). 
[0091] Next, Whether the measurement mark designation 
in step 22 is done for all the mask shots is checked (step 
202). If YES in step 202, the How skips steps 203 to 205; if 
not, the How branches to execute step 203 for the folloWing 
reason. That is, When the mean pattern magni?cation Mm in 
the direction perpendicular to the relative scanning direction 
of the mask shots is used, it is possible to previously drive 
a magni?cation correcting system 8 (step 204) and correct 
all the mask shots by the same amount. 

[0092] On the other hand, if all the mask shots are desig 
nated in step 22, each mask shot can be corrected by a 
pattern magni?cation Mvb in the direction perpendicular to 
the relative scanning direction, Which is optimum for that 
shot. If this is the case, the correction must be performed by 
driving the magni?cation correcting system 8 for each shot 
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in a shot exposure loop (to be described later). Therefore, if 
all the mask shots are designated, steps 203 to 205 are 
skipped. 

[0093] If all the mask shots are designated in step 22, the 
mean magni?cation Mm in the direction perpendicular to the 
relative scanning direction of the mask shots stored in step 
201 is read out (step 203). The magni?cation correcting 
system 8 is driven to perform magni?cation correction for 
the mask shots on the basis of the read mean magni?cation 
Mm (step 204). 

[0094] Subsequently, the pattern magni?cation Smm in 
the relative scanning direction stored in step 26 is divided by 
the mean pattern magni?cation Mm in the direction perpen 
dicular to the relative scanning direction of the mask shots, 
thereby calculating a drive factor (Smm/Mm) as a factor of 
the driving velocity of the mask stage 6. This drive factor is 
set in a mask stage controller 6a as the drive factor in the 
relative scanning direction of a mask stage 6 (step 205). The 
reason for this is that the magni?cation correcting system 8 
in this embodiment corrects the magni?cation such that axial 
symmetry is obtained for the optical axis of the charged 
particle beam 12. If the magni?cation correction by the 
magni?cation correcting system 8 acts only in the direction 
perpendicular to the relative scanning direction, the pattern 
magni?cation Smm in the relative scanning direction can be 
directly used as the drive factor in the relative scanning 
direction of the mask stage 6. 

[0095] After that, the transfer start and end positions of 
each mask shot are calculated (step 206) and stored (step 
207), and a series of exposure processes are started (step 
208), as in the ?rst embodiment. 

[0096] Referring to FIG. 3, a mask shot number n is 
initialiZed to 1 (step 209) as in the ?rst embodiment, and the 
How advances to steps 210 to 220 as a shot exposure loop. 

[0097] Next, Whether the measurement mark designation 
is done for all the mask shots is checked (step 210). 

[0098] If all the mask shots are designated in step S22, i.e., 
if the correction of the pattern magni?cation is to be per 
formed for each mask shot, the pattern magni?cation Mvn in 
the direction perpendicular to the relative scanning direction 
of the mask shot stored in step 201 is read out (step 211). The 
magni?cation correcting system 8 is driven to correct the 
pattern magni?cation in the direction perpendicular to the 
relative scanning direction (step 212). Simultaneously, as the 
pattern magni?cation in the relative scanning direction of 
this shot, i.e., the drive factor of the mask stage 6, Smm/Mvn 
is set. 

[0099] If not all the mask shots are designated in step 22, 
i.e., if the same correction amount is to be given to all the 
mask shots by using the mean pattern magni?cation Mm, 
steps 211 to 213 are skipped because in step 204 the 
magni?cation correcting system 8 is already driven on the 
basis of the mean pattern magni?cation Mm in the direction 
perpendicular to the relative scanning direction of the mask 
shots. 

[0100] Steps 214 to 217 are the same as in the ?rst 
embodiment. The transfer start and end positions of the 
mask shot are read out (step 214). The mask stage 6 is driven 
to the transfer start position (step 215). The Wafer stage 11 
is driven such that the transfer image of this mask shot 
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comes to the transfer position on the mask 10 (step 216). The 
function of the mask stripe corresponding to the mask shot 
is read out (step 217) to prepare for the start of relative 
scanning exposure. 

[0101] After that, relative scanning exposure is performed 
for the shot While the mask stage 6 is driven from the transfer 
start position to the transfer end position such that the 
charged particle beam traces the function (step 218). In this 
manner, the processing for one shot is completed. 

[0102] The subsequent steps are the same as in the ?rst 
embodiment. That is, the loop of steps 210 to 220 is repeated 
the same number of times as the number of shots, and 
Whether all the shots are completely exposed is checked 
(step 219). If not all the shots are completely exposed and 
the next shot is to be exposed, 1 is added to the mask shot 
number n (step 220), and the How returns to step 210. If all 
the shots are completely exposed, the How advances to the 
next chip processing step (step 221). 
[0103] In this embodiment as described above, correction 
also uses the pattern magni?cation in the direction perpen 
dicular to the relative scanning direction of each shot. 
Accordingly, a transfer image 101 With higher stitching 
accuracy can be obtained. 

[0104] As described above, in addition to the ?rst embodi 
ment, the pattern magni?cation in the direction perpendicu 
lar to the relative scanning direction of a partial transfer 
pattern is corrected. Consequently, the transfer image 101 
With higher stitching accuracy can be obtained. 

[0105] (Third Embodiment) 
[0106] In the ?rst and second embodiments, the present 
invention is applied to so-called step-and-scan by Which a 
Wafer is moved to the transfer start position of a partial 
transfer pattern and then the partial transfer pattern is 
exposed by relative scanning. In the third embodiment, each 
partial transfer pattern is transferred by continuously moving 
a mask stage 6 and a Wafer stage 11, Without stopping them, 
from one mask shot to another. This reduces time loss due 
to abrupt acceleration, deceleration, and stoppage of these 
mechanical stages having loW response speed, thereby fur 
ther improving the throughput of the Whole apparatus. This 
embodiment also employs a method of correcting the pattern 
magni?cation in a direction perpendicular to the relative 
scanning direction and the pattern magni?cation in the 
relative scanning direction for each mask stripe. This 
improves the stitching accuracy. 

[0107] The transfer method of this embodiment Will be 
described beloW With reference to the mask shot layout in 
FIG. 5A and a How chart shoWn in FIG. 4. 

[0108] Steps 20 to 26 of the How chart in FIG. 4 are the 
same as in the aforementioned ?rst embodiment. That is, a 
transfer mask 3 in FIG. 5A is loaded into the apparatus and 
subjected to reference alignment, and designated alignment 
marks are measured. Although the alignment marks desig 
nated are the same as in the ?rst embodiment, all marks can 
also be designated. The positions of these alignment marks 
are calculated from the measurements, and functions 3s1 to 
3s5 corresponding to individual mask stripes are calculated. 
In this embodiment, pattern magni?cations Sm1 to Sm5 in 
the relative direction of these mask stripes are also calcu 
lated and stored together With the functions 3s1 to 3s5 (step 
26). 
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[0109] Next, the positions of the alignment marks stored 
in step 24 are read out to calculate mean pattern magni? 
cations Mm1 to Mm5 of the individual mask stripes (step 
300) and store them in units of mask stripes (step 301). The 
method of calculating the pattern magni?cation of each 
mask shot is the same as in the second embodiment. Mm1 
to Mm5 can be obtained by averaging the calculated pattern 
magni?cations in units of mask stripes. 

[0110] The transfer start position and transfer end position 
of each mask stripe are then calculated (step 302). For 
example, as the transfer start and end positions of a mask 
stripe including mask shots 3a to 36, the transfer start 
position of the mask shot 3a and the transfer end position of 
the mask shot 36, respectively, in the ?rst embodiment are 
used. In this Way, the transfer start and end positions of all 
the mask stripes are calculated and stored (step 303). 

[0111] After that, a series of exposure processes are started 
(step 304). A mask stripe number N is initialiZed to 1 (step 
305), and the How advances to steps 306 to 315 as a stripe 
exposure loop. 

[0112] Next, the mean pattern magni?cation MmN corre 
sponding to the mask stripe N stored in step 301 is read out 
(step 306). A magni?cation correcting system 8 is driven to 
correct the pattern magni?cation in the direction perpen 
dicular to the relative scanning direction (step 307). 

[0113] In addition, the pattern magni?cation SmN in the 
relative scanning direction of this mask stripe N stored in 
step 26 is read out, and, for the same reason as explained in 
the second embodiment, SmN/MmN is set as a drive factor 
Which is a factor of the driving velocity of the mask stage 6 
(step 308). 
[0114] The transfer start and end positions of this mask 
stripe N stored in step 303 are read out (step 309) to move 
the mask stage 6 (step 310). At the same time, the Wafer 
stage 11 is driven (step 311) to move a Wafer 10 to the 
position Where this mask stripe N is to be transferred. 
Furthermore, the function 3sN of this mask stripe N stored 
in step 26 is read out (step 312) to complete preparations for 
scanning exposure for the mask stripe N. 

[0115] After that, relative scanning exposure is performed 
for the mask stripe N such that a charged particle beam 12 
traces the function 3sN (step 313). In this embodiment, this 
relative scanning step is performed by using the mask stage 
6, the Wafer stage 11, and a de?ector 15. That is, While the 
mask stage 6 and the Wafer stage 11 are linearly driven 
relative to each other from the respective transfer start 
positions to transfer end positions, the function 3s1 is traced 
(deviation from the straight line is corrected) and a gap g 
betWeen mask shots is skipped by driving the de?ector 15. 

[0116] This gap g betWeen mask shots can be skipped by, 
e.g., the folloWing method. 

[0117] When the transfer of the mask shot 3a by relative 
scanning is completed and the mask shot 3b to be transferred 
next has arrived at the transfer start position, the transfer 
image of this mask shot 3b is moved along the function 3s1 
by using the de?ector 15 and stitched to the transfer pattern 
of the mask shot 3a, Which is already transferred onto the 
Wafer 10. 

[0118] Diverse methods can be used for skipping in accor 
dance With the number or arrangement of de?ectors 15. 
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However, the effect of exposing each mask shot by relative 
scanning While the charged particle beam traces the function 
is the same regardless of the type of method. In the Way as 
described above, the processing for one stripe is completed. 

[0119] The subsequent steps are as folloWs. The loop of 
steps 306 to 315 is repeated, and Whether all the stripes are 
completely exposed is checked (step 314). If not all the 
stripes are completely exposed and the next stripe is to be 
exposed, 1 is added to the stripe number N (step 315), and 
the How returns to step 306. When all the stripes are 
completely processed, the How leaves this loop and 
advances to the next chip processing step (step 316). 

[0120] As described above, each mask stripe is transferred 
by continuously moving the mask stage 6 and the Wafer 
stage 11, Without stopping them, from one mask shot to 
another. This reduces time loss due to abrupt acceleration, 
deceleration, and stoppage of each stage, so the throughput 
of the Whole apparatus can be further improved. Also, the 
stitching accuracy can be improved by correcting the pattern 
magni?cation in the direction perpendicular to the relative 
scanning direction and the pattern magni?cation in the 
relative scanning direction. 

[0121] (Other Embodiments) 
[0122] In the ?rst and second embodiments described 
previously, the position of a mask shot is corrected by 
driving the mask stage in accordance With a function. 
HoWever, since a mask and a Wafer have a ?xed relationship 
determined by the transfer system, similar correction can 
also be performed using the Wafer stage instead of the mask 
stage. The shot stitching accuracy can be further improved 
by selecting either method in accordance With the function, 
performance, and driving accuracy of each stage. 

[0123] The present invention is applicable to all transfer 
systems, e.g., an equal-magni?cation transfer system, a 
reduction projecting transfer system, a proximity transfer 
system, and a contact transfer system. 

[0124] In the ?rst to third embodiments, the present inven 
tion is applied to the so-called ?rst layer. HoWever, the same 
effect can be obtained even When the present invention is 
applied to the so-called second and subsequent layers. If this 
is the case, various methods used in conventional optical 
exposure apparatuses can be used as the method of aligning 
chips on a Wafer. As an example, the global alignment 
method measures the arrangement of chips on a Wafer and 
compares the measured arrangement With a theoretical 
arrangement, thereby correcting the coordinate system for 
this chip arrangement. The present invention can be applied 
While the Wafer stage is set to be driven by using this 
corrected coordinate system. 

[0125] Although the present invention is suitable for a 
transfer method using a charged particle beam, the present 
invention is also applicable to a transfer method using light. 

[0126] One embodiment of a device fabrication method 
using the aforementioned mask pattern transfer method Will 
be described beloW. FIG. 9 shoWs the fabrication How of 
microdevices (e.g., semiconductor chips such as ICs or ISIs, 
liquid crystal panels, CCDs, thin-?lm magnetic heads, and 
micromachines). In step 1010 (circuit design), device pattern 
design is performed. Instep 1020 (mask formation), a mask 
having the designed pattern is formed. In step 1030 (Wafer 
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fabrication), a Wafer is fabricated by using a material such 
as silicon or glass. Step 1040 (Wafer process) is called a 
pre-process in Which actual circuits are formed on the Wafer 
by lithography by using the prepared mask and Wafer. Step 
1050 (assembly) is called a post-process in Which semicon 
ductor chips are formed using the Wafer fabricated in step 
1040. This step 1050 includes an assembly step (dicing and 
bonding), a packaging step (chip encapsulation), and the 
like. Instep 1060 (testing), the semiconductor devices fab 
ricated in step 1050 are subjected to an operation test, a 
durability test, and the like. Through these steps, the semi 
conductor devices are completed and shipped (step 1070). 
FIG. 10 shoWs a detailed How of the Wafer process 
described above. Instep 1110 (oxidation), the surface of the 
Wafer is oxidiZed. In step 1120 (CVD), an insulating ?lm is 
formed on the Wafer surface. In step 1130 (electrode for 
mation), electrodes are formed on the Wafer by vapor 
deposition. In step 1140 (ion implantation), ions are 
implanted into the Wafer. In step 1150 (resist processing), the 
Wafer is coated With a resist. In step 1160 (exposure), the 
mask circuit pattern is transferred and exposed in a plurality 
of shot regions on the mask by the exposure apparatus or 
exposure method described above. In step 1170 (develop 
ment), the exposed Wafer is developed. In step 1180 (etch 
ing), portions other than the developed resist image are 
etched aWay. In step 1190 (resist removal) unnecessary resist 
remaining after the etching is removed. By repeating these 
steps, multiple circuit patterns are formed on the Wafer. 
When the fabrication method of this embodiment is used, 
large devices Which are conventionally dif?cult to fabricate 
can be fabricated at loW cost. 

[0127] As has been described above, alignment marks of 
desired partial transfer masks are previously designated, and 
the positions of these designated alignment marks of the 
designated partial transfer patterns are measured. On the 
basis of the measured positions, functions for determining 
the positions of the partial transfer patterns are determined. 
Furthermore, transfer magni?cations are also calculated on 
the basis of the alignment mark positions. By using these 
functions and transfer magni?cations, the partial transfer 
patterns are transferred to an object of transfer. This makes 
high-accuracy stitching feasible While maintaining high 
throughput. Additionally, the throughput can be further 
improved by continuously scanning the transfer masks and 
the object relative to each other in the scanning exposure 
step. 

[0128] The present invention is not limited to the above 
embodiments and various changes and modi?cations can be 
made Within the spirit and scope of the present invention. 
Therefore, to apprise the public of the scope of the present 
invention the folloWing claims are made. 

What is claimed is: 
1. A transfer apparatus for transferring a transfer pattern 

of a transfer mask While moving the transfer mask and a 
substrate relative to each other, the transfer pattern being 
divided into a plurality of partial transfer patterns, and the 
transfer mask having a plurality of alignment marks for 
specifying positions of the plurality of partial transfer pat 
terns, comprising: 

a measuring device for measuring all or some of the 
plurality of alignment marks; and 
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a controller for determining a function indicating an 
arrangement of the plurality of partial transfer patterns 
on the basis of the measurements by said measuring 
device and, during transfer, moving a partial transfer 
mask to be transferred and the substrate relative to each 
other While aligning the transfer mask and the substrate 
in accordance With the function. 

2. The apparatus according to claim 1, Wherein said 
controller determines a function indicating an arrangement 
of partial transfer patterns belonging to each mask stripe 
composed of a plurality of partial transfer patterns arranged 
in a direction in Which the transfer mask and the substrate 
are moved relative to each other. 

3. The apparatus according to claim 2, Wherein the 
function is a continuous function. 

4. The apparatus according to claim 1, Wherein said 
controller comprises: 

calculating means for calculating a ratio of a siZe of an 
actual transfer pattern to a siZe of a designed transfer 
pattern on the basis of the measurements by said 
measuring device; and 

correcting means for correcting a difference of the siZe of 
the actual transfer pattern from the siZe of the designed 
transfer pattern, When the transfer mask and the sub 
strate are moved relative to each other, on the basis of 
the calculation by said calculating means. 

5. The apparatus according to claim 4, Wherein said 
calculating means calculates a ratio of a length of the actual 
transfer pattern to a length of the designed transfer pattern in 
the direction in Which the transfer mask and the substrate are 
moved relative to each other. 

6. The apparatus according to claim 5, Wherein said 
correcting means adjusts a speed at Which the transfer mask 
is moved on the basis of the calculated ratio, thereby 
correcting a difference of the length of the actual transfer 
pattern from the length of the designed transfer pattern. 

7. The apparatus according to claim 4, Wherein said 
calculating means calculates a ?rst ratio of a length of the 
actual transfer pattern to a length of the designed transfer 
pattern in a ?rst direction in Which the transfer mask and the 
substrate are moved relative to each other, and a second ratio 
of a length of the actual transfer pattern to a length of the 
designed transfer pattern in a second direction perpendicular 
to the ?rst direction. 

8. The apparatus according to claim 7, Wherein said 
correcting means corrects differences of the lengths of the 
actual transfer pattern from the lengths of the designed 
transfer pattern in the ?rst and second directions on the basis 
of the ?rst and second ratios. 

9. The apparatus according to claim 1, Wherein said 
controller comprises: 

calculating means for calculating a ratio of a siZe of an 
actual mask stripe, composed of a plurality of partial 
transfer patterns arranged in a direction in Which the 
transfer mask and the substrate are moved relative to 
each other, to a siZe of a designed mask stripe, on the 
basis of the measurements by said measuring device; 
and 

correcting means for correcting a difference of the siZe of 
the actual mask stripe from the siZe of the designed 
mask stripe, When the transfer mask and the substrate 
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are moved relative to each other, on the basis of the 
calculation by said calculating means. 

10. The apparatus according to claim 9, Wherein said 
calculating means calculates a ratio of a length of the actual 
mask stripe to a length of the designed mask stripe in the 
direction in Which the transfer mask and the substrate are 
moved relative to each other. 

11. The apparatus according to claim 10, Wherein said 
correcting means adjusts a speed at Which the transfer mask 
is moved on the basis of the calculated ratio, thereby 
correcting a difference of the length of the actual mask stripe 
from the length of the designed mask stripe. 

12. The apparatus according to claim 9, Wherein said 
calculating means calculates a ?rst ratio of a length of the 
actual mask stripe to a length of the designed mask stripe in 
a ?rst direction in Which the transfer mask and the substrate 
are moved relative to each other, and a second ratio of a 
length of the actual mask stripe to a length of the designed 
mask stripe in a second direction perpendicular to the ?rst 
direction. 

13. The apparatus according to claim 12, Wherein said 
correcting means corrects differences of the lengths of the 
actual mask stripe from the lengths of the designed mask 
stripe in the ?rst and second directions on the basis of the 
?rst and second ratios. 

14. The apparatus according to claim 1, Wherein said 
controller calculates a position of the transfer mask at the 
start of transfer on the basis of the function, and controls the 
position of the transfer mask on the basis of the calculation. 

15. The apparatus according to claim 1, Wherein an 
operation of transferring a plurality of partial transfer pat 
terns, belonging to each mask stripe composed of a plurality 
of partial transfer patterns arranged in a direction in Which 
the transfer mask and the substrate are moved relative to 
each other, is successively eXecuted in units of mask stripes 
under the control of said controller. 

16. The apparatus according to claim 15, further com 
prising: 

an irradiating unit for irradiating the transfer mask With a 
charged particle beam; 

a mask stage for mounting the transfer mask; 

a de?ector for de?ecting the charged particle beam pass 
ing through the transfer mask; and 

a substrate stage for mounting the substrate, 

Wherein When a plurality of partial transfer patterns 
belonging to one mask stripe are to be successively 
transferred onto the substrate, said controller continu 
ously drives said mask stage and said substrate stage 
and controls said de?ector such that an image trans 
ferred onto the substrate by using one partial transfer 
mask and an image transferred onto the substrate by 
using the neXt partial transfer mask are accurately 
stitched together. 

17. The apparatus according to claim 16, Wherein When a 
plurality of partial transfer patterns belonging to one mask 
stripe are to be successively transferred onto the substrate, 
said controller linearly continuously drives said mask stage 
and said substrate stage and controls said de?ector in 
accordance With the function. 






