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TITLE OF THE INVENTION 

IMPRINT APPARATUS AND ARTICLE MANUFACTURING METHOD 

 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an imprint 

apparatus and an article manufacturing method. 

 

Description of the Related Art 

[0002] An imprint technique is coming into 

practical use as one lithography technique of 

manufacturing articles such as magnetic storage med ia 

and semiconductor devices.  In an imprint apparatus , a 

pattern is formed by bringing a mold into contact w ith 

an imprint material on a substrate.  A pattern defe ct 

may be caused at this time, and a reduction in this  

defect is a task.  One factor in causing the patter n 

defect is that bubbles are trapped between the mold  and 

the imprint material on the substrate when a patter n 

portion of the mold and the imprint material are 

brought into contact with each other.  If the impri nt 

material is cured while the bubbles remain, an unfi lled 

defect may be caused in the formed pattern. 

[0003] In US-2007-0114686, when a mold is brought 

into contact with an imprint material on a substrat e, a 

pattern portion at the center of the mold is deform ed 

into a convexity on a substrate side to gradually b ring 
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the mold into contact with the imprint material fro m 

the center to the outside, reducing remaining bubbl es.  

To put it another way from a substrate-side point o f 

view, contact between the mold and the imprint mate rial 

is started near the center of a shot region on the 

substrate, and a contact region is extended outside  the 

shot region. 

[0004] From the viewpoint of productivity, however, 

the same imprint performance as in a normal shot re gion 

is required not only in a shot region at the center  of 

the substrate but also in a peripheral shot region 

(deficient shot region) partially extending off the  

circumferential portion of the substrate. 

 

SUMMARY OF THE INVENTION 

[0005] The present invention provides, for example, 

an imprint apparatus advantageous in terms of 

productivity. 

[0006] According to one aspect of the present 

invention, an imprint apparatus that performs an 

imprint process of forming a pattern by bringing a mold 

into contact with an imprint material on a substrat e is 

provided.  The imprint apparatus comprises a mold 

holder configured to hold the mold, a substrate hol der 

configured to hold the substrate by suction, a driv ing 

device configured to bring the mold into contact wi th 

the imprint material by relatively bringing the mol d 
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holder and the substrate holder close to each other , 

and a controller configured to control the driving 

device so as to bring the mold into contact with th e 

imprint material in a state in which the substrate is 

deformed into a convex shape with respect to the mo ld 

by controlling, based on surface shape data of the 

substrate held by the substrate holder, a pressure at 

which the substrate holder sucks the substrate. 

[0007] Further features of the present invention 

will become apparent from the following description  of 

exemplary embodiments (with reference to the attach ed 

drawings). 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 is a view showing the arrangement of 

an imprint apparatus according to an embodiment; 

[0009] Fig. 2 is a view exemplifying the layout of 

shot regions on a substrate; 

[0010] Figs. 3A and 3B are views each showing the 

arrangement of a mold according to the embodiment; 

[0011] Figs. 4A and 4B are views for explaining 

the control of the core-out portion of the mold; 

[0012] Figs. 5A to 5C are views for explaining a 

process of deforming the substrate at the time of 

imprint in a peripheral shot region; 

[0013] Fig. 6 is a view for explaining a mechanism 

for deforming the substrate; 
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[0014] Fig. 7 is a view showing the arrangement of 

a substrate chuck; 

[0015] Fig. 8 is a view representing the three-

dimensional shape of the substrate by contour lines ; 

[0016] Fig. 9 is a view showing an example of 

peripheral shot regions; 

[0017] Figs. 10A and 10B are views each showing an 

example of an image shot by a camera in the periphe ral 

shot region at the time of imprint; 

[0018] Fig. 11 is a graph showing the relationship 

between the height of an imprint head and the drivi ng 

current of a motor in a mold driving mechanism; 

[0019] Fig. 12 is a flowchart showing the control 

of an imprint process according to the embodiment; 

[0020] Fig. 13 is a view for explaining the update 

and use of map data; 

[0021] Fig. 14 is a table showing an example of 

the data structure of the map data; 

[0022] Fig. 15 is a view for explaining the update 

and use of the map data; and 

[0023] Fig. 16 is a view for explaining an article 

manufacturing method according to an embodiment. 

 

DESCRIPTION OF THE EMBODIMENTS 

[0024] Various exemplary embodiments, features, 

and aspects of the invention will be described in 

detail below with reference to the drawings. 



- 5 - 

[0025] Embodiments of the present invention will 

be described in detail below with reference to the 

accompanying drawings.  Note that the following 

embodiments are not intended to limit the present 

invention and are merely concrete examples for 

practicing the invention.  Also, not all combinatio ns 

of features to be described in the embodiments are 

indispensable for the means to solve the problems 

according to the present invention. 

[0026] <First Embodiment> 

 First, an overview of an imprint apparatus 

according to an embodiment will be described.  The 

imprint apparatus is an apparatus that brings an 

imprint material supplied onto a substrate into con tact 

with a mold, and applies curing energy to the impri nt 

material, forming the pattern of a cured product to  

which the three-dimensional pattern of the mold has  

been transferred. 

[0027] A curable composition (may also be referred 

to as an uncured resin) which is cured by receiving  

curing energy is used for the imprint material.  An  

electromagnetic wave, heat, or the like can be used  as 

the curing energy.  For example, light such as infr ared 

light, visible rays, ultraviolet light, or the like  

whose wavelength is selected from a range of 10 nm 

(inclusive) to 1 mm (inclusive) can be used as the 

electromagnetic wave.  The curable composition can be a 
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composition that is cured by light irradiation or 

application of heat.  Out of these, a photo-curable  

composition that is cured by light irradiation cont ains 

at least a polymerizable compound and a 

photopolymerization initiator, and may further cont ain 

a non-polymerizable compound or solvent as needed.  The 

non-polymerizable compound is at least a material 

selected from the group consisting of a sensitizer,  a 

hydrogen donor, an internal mold release agent, a 

surfactant, an antioxidant, a polymer component, an d 

the like.  The imprint material supply apparatus (n ot 

shown) can arrange, on the substrate, the imprint 

material having a droplet-like shape, or an island- like 

shape or a film-like shape formed by a plurality of  

droplets connected to each other.  The viscosity 

(viscosity at 25 °C) of the imprint material can be set 

at, for example, 1 mPa ⋅s (inclusive) to 100 mPa ⋅s 

(inclusive).  For example, glass, ceramics, a metal , a 

semiconductor, a resin, or the like can be used as a 

material of the substrate.  A member made of a mate rial 

different from that for the substrate may be provid ed 

on the surface of the substrate, as needed.  For 

example, a silicon wafer, a compound semiconductor 

wafer, silica glass, or the like is used as the 

substrate. 

[0028] Fig. 1 is a view showing the arrangement of 

an imprint apparatus 1 according to an embodiment.  In 
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this embodiment, the imprint apparatus 1 adopts a 

photo-curing method of curing the imprint material by 

ultraviolet irradiation.  However, the present 

invention is not limited to this and can also adopt , 

for example, a heat-curing method of curing the imp rint 

material by inputting heat.  Note that throughout t he 

drawings below, a Z-axis in an X-Y-Z coordinate sys tem 

is set in a direction parallel to the irradiation a xis 

of ultraviolet light with respect to the mold, and an 

X-axis and a Y-axis are set in directions perpendic ular 

to each other in a plane perpendicular to the Z-axi s. 

[0029] The imprint apparatus 1 includes an 

illumination system unit 2, an imprint head 4 that 

holds a mold 3, a substrate stage 6 that holds a 

substrate 5, a dispenser 7 that supplies an imprint  

material 10, and a controller 8.  A structure 12 

supports the illumination system unit 2, the imprin t 

head 4, and the dispenser 7. 

[0030] The illumination system unit 2 irradiates 

the mold 3 with ultraviolet light in an imprint pro cess.  

The illumination system unit 2 includes a light sou rce 

20 and an illumination optical system 21 configured  to 

adjust ultraviolet light emitted from the light sou rce 

20 to light suitable for imprint.  For example, a 

halogen lamp that generates ultraviolet light can b e 

used as the light source 20.  The illumination opti cal 

system 21 can include an optical element such as a lens, 
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an aperture (opening), a shutter that switches betw een 

irradiation and light shielding, and the like (all of 

which are not shown). 

[0031] The mold 3 has, for example, the periphery 

of an almost rectangle and includes a mesa portion 3a 

of a pattern portion in which a predetermined patte rn 

(for example, a three-dimensional pattern such as a  

circuit pattern) is formed three-dimensionally.  Th e 

material of the mold 3 can be a material, such as 

silica glass, capable of transmitting ultraviolet l ight. 

[0032] The imprint head 4 functions as a mold 

holder that moves while holding the mold 3.  The 

imprint head 4 can include a shape correction mecha nism 

4a (magnification correction mechanism), a mold chu ck 

4b that draws and holds the mold 3 by a suction for ce, 

and a mold driving mechanism 4c that drives the mol d 

chuck 4b (that is, the mold 3).  The shape correcti on 

mechanism 4a includes a plurality of fingers instal led 

so as to face each other with respect to regions on  the 

side surfaces of the periphery of the mold 3 and 

corrects a pattern formed in the mesa portion 3a to  a 

target shape by driving these fingers to apply a 

pressure to the mold 3.  Note that the configuratio n of 

the shape correction mechanism 4a is not limited to  

this and may be configured to, for example, apply a  

tensile force to the mold 3. 

[0033] The mold driving mechanism 4c is a driving 
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system that drives the mold chuck 4b in a Z-axis 

direction in order to bring the mold 3 into contact  

with the imprint material 10 supplied onto the 

substrate 5.  The mold driving mechanism 4c may als o 

have an adjustment function of adjusting the positi on 

of the mold 3 in X and Y directions or a θ direction (a 

rotational direction around the Z-axis) and a tilt 

function of adjusting the tilt of the mold 3.  The 

present invention is not particularly limited to an  

actuator adopted to this mold driving mechanism 4c and 

can adopt a linear motor, an air cylinder, or the l ike. 

[0034] Each of the substrate stage 6 and a 

substrate chuck 25 functions as a substrate holder that 

moves while holding the substrate.  The substrate c huck 

25 is fixed onto the substrate stage 6.  Many holes  are 

provided in the upper surface of the substrate chuc k 25.  

A pressure regulator 6b (for example, a vacuum devi ce) 

is connected to these holes and configured to exhau st a 

gas on the upper surface of the substrate chuck 25 

through the holes.  The substrate 5 is arranged suc h 

that its lower surface contacts the upper surface o f 

the substrate chuck 25, and chucked and held by the  

substrate chuck 25 by causing the pressure regulato r 6b 

to exhaust a gas between the lower surface of the 

substrate 5 and the upper surface of the substrate 

chuck 25.  The arrangement and control of the subst rate 

chuck 25 will be described in detail later. 
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[0035] The imprint apparatus 1 includes a 

substrate driving mechanism 6a that drives (positio ns) 

the substrate stage 6 (that is, the substrate 5) in  the 

X and Y directions on a platen 32.  A measurement 

device 31 can measure the position of the substrate  

stage 6 in the X and Y directions.  The substrate 

driving mechanism 6a may further have an adjustment  

function of adjusting a position in the Z-axis 

direction and a position in the θ direction (the 

rotational direction around the Z-axis), and a tilt  

function of adjusting the tilt of the substrate 5. 

[0036] The measurement device 31 can be, for 

example, an interferometer instructed by the struct ure 

12.  The measurement device 31 measures the positio n of 

the substrate stage 6 by, for example, irradiating the 

substrate chuck 25 with measurement light and detec ting 

measurement light reflected by a measurement mirror  30 

provided on the end face of the substrate chuck 25.   

Note that Fig. 1 shows only one measurement device 31 

but can include the number of measurement devices 3 1 

capable of measuring at least the X and Y positions , 

rotation amount, and tilt amount of the substrate s tage 

6. 

[0037] The imprint apparatus 1 can obtain 

positional shift information by observing an alignm ent 

mark formed on the substrate 5 or substrate chuck 2 5 by 

an alignment optical system (not shown).  The impri nt 
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apparatus 1 can measure a distance to the upper sur face 

of the substrate 5 by a height measurement device 2 9.  

The relative heights of the pattern surface of the mold 

3 and the height measurement device 29 are measured  in 

advance, obtaining a distance from the upper surfac e of 

the substrate 5 to the pattern surface of the mold 3 by 

calculation.  Note that the height measurement devi ce 

29 may be an external device of the imprint apparat us 1.  

In this case, data measured by the height measureme nt 

device 29 serving as the external device can be sto red 

in a memory 8b and used in the imprint apparatus 1.  

[0038] The dispenser 7 supplies the imprint 

material 10 onto the substrate 5.  Subsequently, wh en 

the mold driving mechanism 4c moves the mold 3 down ward 

and brings it into contact with the imprint materia l 10 

on the substrate 5, the imprint material 10 flows i nto 

an engraved groove of a pattern.  The ultraviolet l ight 

emitted from the light source 20 passes through the  

mold 3 via the illumination optical system 21 and 

enters the imprint material 10 on the substrate 5.  The 

imprint material 10 irradiated with the ultraviolet  

light is thus cured.  The reverse pattern of the 

pattern of the mold 3 is formed by the cured imprin t 

material.  After the imprint material 10 is cured, a 

spacing between the mold 3 and the substrate 5 is 

widened by moving the mold 3 upward by the mold dri ving 

mechanism 4c, separating the mold 3 from the cured 
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imprint material 10 (mold separation). 

[0039] Note that the imprint apparatus 1 of this 

embodiment adopts an arrangement in which the impri nt 

head 4 is driven and brought into contact with the 

imprint material 10 on the fixed substrate 5 but ca n 

also adopt an arrangement opposite to this.  That i s, 

the imprint apparatus 1 may adopt an arrangement in  

which the substrate stage 6 is driven, and the impr int 

material 10 on the substrate 5 is brought into cont act 

with the fixed mold 3.  Alternatively, the imprint 

apparatus 1 may adopt an arrangement in which the 

imprint head 4 and the substrate stage 6 are driven  

vertically.  That is, it is only necessary that the  

imprint apparatus 1 includes a driving device that 

brings the mold 3 into contact with the imprint 

material 10 on the substrate 5 by relatively bringi ng 

the imprint head 4 which forms the mold holder and the 

substrate stage 6 which forms the substrate holder 

close to each other. 

[0040] The controller 8 includes, for example, a 

CPU 8a, the memory 8b, and the like and generally 

controls the respective units of the imprint appara tus 

1. 

[0041] Fig. 2 is a view exemplifying the layout of 

shot regions on the substrate 5.  In this specifica tion, 

the shot regions refer to regions where patterns ar e 

formed in one imprint process.  Target shot regions  
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refer to shot regions where an imprint process is t o be 

performed from now on.  In the imprint apparatus 1,  the 

dispenser 7 supplies the imprint material, and an 

imprint process is performed on the supplied imprin t 

material each time the target shot region changes.  The 

imprint process includes at least a step of bringin g 

the mold 3 and the imprint material into contact wi th 

each other, a step of curing the imprint material, and 

a step of separating the cured imprint material and  the 

mold 3 from each other.  The plurality of shot regi ons 

are arrayed in a matrix on the substrate 5.  In thi s 

embodiment, in order to maximize the effective area  of 

the substrate 5 (the area of a region to which a 

pattern is transferred), the imprint process is 

performed not only on a shot region 51 inside the 

substrate 5 but also on a peripheral shot region 52  

with a circumference 5R of the substrate 5.  The 

peripheral shot region is a shot region partially 

extending off the circumference 5R of the substrate  5 

and is also referred to as a "deficient shot region ". 

[0042] Fig. 3A is a view showing the back surface 

of the mold 3, and Fig. 3B is a sectional view show ing 

the mold 3 corresponding to Fig. 3A and its periphe ral 

main parts.  The mold 3 has a concave portion 3b 

recessed into a predetermined shape by processing t he 

back surface.  This forms a thin portion 3c which 

remains by processing the back surface.  The concav e 
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portion 3b has a size to include the mesa portion 3 a.  

The mesa portion 3a is positioned at the center of the 

surface of the mold 3 and at the center of the thin  

portion 3c in a planar view.  The mold 3 forms a co re-

out portion 3d of an enclosed space when it is suck ed 

by the mold chuck 4b.  A pressure regulating mechan ism 

33 is connected to the core-out portion 3d via a pi pe, 

and can control the core-out portion 3d at a target  

pressure.  Each of Figs. 4A and 4B shows a case in 

which the mold 3 is deformed by applying a pressure  to 

the core-out portion 3d.  When the pressure regulat ing 

mechanism 33 applies the pressure to the core-out 

portion 3d in a state shown in Fig. 4A, the mold 3 is 

deformed in a direction so as to increase the volum e, 

as shown by broken lines of Fig. 4B, and thus each of 

the thin portion 3c and the mesa portion 3a can be 

deformed into a downwardly convex shape (that is, a  

convex shape with respect to the substrate). 

[0043] When the mesa portion 3a is brought into 

contact with the imprint material 10 supplied onto the 

shot regions of the substrate 5, the controller 8 

applies a pressure to the interior of the core-out 

portion 3d by the pressure regulating mechanism 33 and 

deforms the mold 3 into a convex shape with respect  to 

the substrate 5.  Subsequently, the controller 8 br ings 

the mold 3 close to the substrate 5 by the mold dri ving 

mechanism 4c in accordance with contact of the mesa  
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portion 3a with the imprint material 10 on the 

substrate 5, decreases the pressure in the core-out  

portion 3d, and restores the mold 3 to be flat.  Th is 

sequentially pushes out gasses between the mold 3 a nd 

the imprint material 10, and prevents bubbles from 

being trapped between the mold 3 and the imprint 

material 10. 

[0044] Fig. 5A shows a case when the mesa portion 

3a is brought into contact with the imprint materia l 10 

supplied onto the shot region 51 inside the substra te 5.  

Fig. 5A schematically represents that the pressure 

regulating mechanism 33 deforms the mesa portion 3a  

into the convex shape with respect to the substrate  5.  

The mesa portion 3a is deformed into the convex sha pe 

with respect to the substrate 5, and thus starts 

contacting the imprint material 10 from the center of 

the shot region 51. 

[0045] Fig. 5B shows a case when the mesa portion 

3a is brought into contact with the imprint materia l 10 

supplied onto the peripheral shot region 52 of the 

substrate 5 by a conventional method.  In the case of 

the peripheral shot region 52, the mesa portion 3a 

starts contacting the imprint material 10 from the end 

of the peripheral shot region 52.  In this case, th e 

filling speed of the imprint material 10 to a conca ve 

pattern portion in the mesa portion 3a is slower, a nd 

an unfilled defect is more likely to be caused than  in 
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the case of the shot region 51 shown in Fig. 5A. 

[0046] To cope with this, in this embodiment, the 

substrate 5 is deformed in an out-of-plane directio n 

such that contact between the mesa portion 3a and t he 

imprint material 10 is started from the center posi tion 

of the peripheral shot region 52 as shown in Fig. 5 C.  

That is, contact with the peripheral shot region 52  is 

started from a portion on a side closer to the 

substrate 5 with respect to the center of the mesa 

portion 3a than in the case shown in Fig. 5B. 

[0047] Fig. 6 is a view showing an example of the 

arrangement of a mechanism that implements deformat ion 

in the substrate 5 shown in Fig. 5C.  Fig. 7 is a p lan 

view showing the substrate chuck 25 as viewed from the 

side of the mold 3.  As shown in Fig. 7, a pluralit y of 

suction regions a, b, and c partitioned by a plural ity 

of partitions 25a, 25b, and 25c are formed on the u pper 

surface of the substrate chuck 25 (a surface facing  the 

substrate 5).  The plurality of suction regions a, b, 

and c are divided concentrically.  In the example o f 

Fig. 6, the plurality of suction regions a, b, and c 

are formed by providing the partitions 25a, 25b, an d 

25c upright on the upper surface of the substrate c huck 

25.  However, plurality of suction regions a, b, an d c 

may be suction grooves formed by engraving the uppe r 

surface of the substrate chuck 25.  The pressure 

regulator 6b shown in Fig. 1 communicates with the 
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plurality of suction regions a, b, and c, respectiv ely, 

via pipes Pa, Pb, and Pc and can regulate pressures  

insides the suction regions a, b, and c.  Each of t he 

suction regions a, b, and c forms a closed space wi th 

the substrate 5.  The substrate 5 can be deformed b y 

controlling the pressure inside this closed space.  For 

example, while constraining the substrate 5 by sett ing 

the insides of the suction region a (first suction 

region) and suction region c (second suction region ) at 

negative pressures with respect to an ambient press ure, 

the inside of the suction region b (third suction 

region) between them is set at a positive pressure with 

respect to the ambient pressure.  The ambient press ure 

is, for example, the atmospheric pressure.  This al lows 

the peripheral portion of the substrate 5 in the 

suction region b to be deformed into a convex shape  

with respect to the mold 3 as shown in Fig. 6.  In the 

example of Fig. 6, the partition 25c on the outermo st 

circumference is lower in height than the other 

partitions inside the partition 25c.  This makes it  

easier to deform the portion of the region c on the  

substrate 5 to have a falling gradient toward a 

circumferential side.  By thus deforming the substr ate, 

the imprint material 10 on the peripheral shot regi on 

52 can start contacting the mesa portion 3a near th e 

center of the peripheral shot region 52. 

[0048] Fig. 8 is a view representing the height of 



- 18 - 

the substrate 5 by contour lines when the substrate  5 

is placed on the substrate chuck 25, the insides of  the 

suction region a and suction region c are set at th e 

negative pressures, and the inside of the suction 

region b is set at the positive pressure.  The heig ht 

of the substrate is ideally uniform for each suctio n 

region.  However, it never becomes uniform due to a t 

least one of the processing accuracy of the suction  

region, the position of each partition, the process ing 

accuracy of the height of the partition, the warpag e of 

the substrate itself, and a conveyance error of the  

substrate 5.  An example of Fig. 8 shows that parts  at 

0° and 180 ° are higher in degree of the convex shape 

than parts at 90 ° and 270 °. 

[0049] In this embodiment, the position in the Z-

axis direction is measured for each coordinate posi tion 

of the substrate 5 by using, for example, the heigh t 

measurement device 29.  The imprint apparatus 1 

generates map data (surface shape data) defining a 

relationship between a three-dimensional shape for each 

coordinate position of the substrate and the pressu re 

(internal pressure) inside each suction region, and  

stores it in the memory 8b.  Then, with reference t o 

the map data, the controller 8 decides the internal  

pressure so as to obtain a target three-dimensional  

shape for each shot region.  Consider a case in whi ch, 

for example, the three-dimensional shape as shown i n 
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Fig. 8 is measured for the substrate 5.  In this ca se, 

the degree of the positive pressure in the suction 

region b is set higher (the pressure is set higher)  in 

a case in which a pattern is formed in a peripheral  

shot region 92 (a region on the side of 90 °) of the 

substrate 5 shown in Fig. 9 than in a case in which  a 

pattern is formed in a peripheral shot region 91 (a  

region on the side of 0 °).  Additionally or 

alternatively, the degree of the negative pressure in 

each of the suction regions a and c is set higher ( the 

pressure is set lower).  The pressures in the sucti on 

regions a, b, and c are regulated for each peripher al 

shot region such that the controller 8 compensates for 

a variation in height of the substrate 5 owing to t he 

processing accuracy of the substrate chuck 25 or th e 

like as described above.  This makes it possible to  

make a shape in the out-of-plane direction on the 

periphery of the substrate 5 when the peripheral sh ot 

regions and the mold 3 are brought into contact wit h 

each other almost constant regardless of the positi ons 

of the peripheral shot regions. 

[0050] Note that in the above-described example, 

the three-dimensional shape of the substrate is 

evaluated by using the height measurement device 29  

exemplified in Fig. 1.  However, another measuremen t 

device may be used.  For example, a surface positio n 

detection apparatus arranged in a measurement stati on 
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where a substrate stage different from the substrat e 

stage 6 is positioned may be used.  This surface 

position detection apparatus can include an oblique  

incidence optical system generally known in the fie ld 

of a semiconductor exposure apparatus. 

[0051] The three-dimensional shape of the 

substrate can also be evaluated by another method 

without using the height measurement device 29 or t he 

above-described surface position detection apparatu s.  

For example, an image capturing apparatus may captu re 

the spread state of the imprint material 10 in a sh ot 

region at the time of imprint, and the three-

dimensional shape of the substrate 5 may be evaluat ed 

based on resulting captured image data.  Figs. 10A and 

10B show examples of the result of capturing the sp read 

state of the imprint material 10 when the imprint 

process is performed on the respective peripheral s hot 

regions 91 and 92 of Fig. 9.  The following can be seen 

from the examples of images in Figs. 10A and 10B.  That 

is, in the peripheral shot region 92 shown in Fig. 10B, 

a contact start point 92a of the imprint material 1 0 is 

positioned on the end portion side of the periphera l 

shot region 92.  In contrast to this, in the periph eral 

shot region 91 shown in Fig. 10A, a contact start p oint 

91a of the imprint material 10 is positioned close to 

the center of the peripheral shot region 91.  In 

addition, the peripheral shot region 91 is higher i n 
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speed at which the imprint material 10 spreads than  the 

peripheral shot region 92.  From the above, it can be 

seen that the degree of a convexity on the surface of 

the substrate 5 is higher in the peripheral shot re gion 

91 than in the peripheral shot region 92. 

[0052] Fig. 11 is a graph showing a relationship 

between the height of the imprint head and the driv ing 

current of a motor in the mold driving mechanism 4c  

that drives the imprint head 4 vertically along the  Z-

axis when the peripheral shot regions 91 and 92 are  

imprinted (the axis of the height is positive in a 

downward direction).  A driving current for moving the 

imprint head 4 downward is first applied to the mot or.  

When the imprint head 4 moves downward in accordanc e 

with this driving current, the mesa portion 3a cont acts 

the imprint material on the substrate, and a drivin g 

current for further expanding the imprint material is 

added.  That is, it can be seen that the mesa porti on 

3a and the imprint material are brought into contac t 

with each other at a tilt change point of the drivi ng 

current in Fig. 11.  That is, contact with the impr int 

material is started at a position H1 where the impr int 

head 4 is higher in the peripheral shot region 91 t han 

in the peripheral shot region 92 (H1 > H2).  Therefore, 

it can be said that the degree of the convexity is 

higher in the peripheral shot region 91 than in the  

peripheral shot region 92. 
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[0053] Fig. 12 is a flowchart showing the control 

of the imprint process according to the embodiment.   In 

step S1, the controller 8 controls a substrate 

conveyance mechanism (not shown) to convey the 

substrate 5 onto the substrate stage 6 and causes t he 

substrate stage 6 to receive the substrate 5.  In s tep 

S2, the controller 8 controls the pressure regulato r 6b 

to set the internal pressure in each suction region  to 

a predetermined value.  Subsequently, in step S3, t he 

controller 8 controls the height measurement device  29 

to perform mapping measurement on the three-dimensi onal 

shape of the substrate 5.  In step S4, the controll er 8 

stores map data (pressure, coordinate, and shape) 

obtained by the measurement in the memory 8b.  At t he 

start of imprint, in step S5, the controller 8 sets  the 

internal pressure in the target shot region based o n 

the data on the internal pressure which is defined in 

the map data stored in the memory 8b such that the shot 

region obtains the target three-dimensional shape. 

[0054] The update and use of the map data will be 

described with reference to Fig. 13.  First, in ord er 

to save a relationship between the internal pressur es 

and the three-dimensional shape in the map data, th e 

internal pressures in the suction regions a, b, and  c 

are respectively set to (Pa 1, Pb 1, Pc 1).  Then, mapping 

measurement is performed as the three-dimensional s hape 

of the substrate 5 at coordinates (X 11, Y 11) is Z 11, and 
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the three-dimensional shape at coordinates (X 21, Y 21) is 

Z21, and stores them in the map data. 

[0055] Fig. 14 shows an example of the data 

structure of the map data.  In Fig. 14, a data colu mn 

CL1 indicates the three-dimensional shape Z 11 to a 

three-dimensional shape Z n1 at the coordinates (X 11, Y 11) 

to coordinates (X n1, Y n1) of the substrate 5 when the 

internal pressures are set to (Pa 1, Pb 1, Pc 1).  A data 

column CL2 indicates a three-dimensional shape Z 12 to a 

three-dimensional shape Z n2 at coordinates (X 12, Y 12) to 

coordinates (X n2, Y n2) of the substrate 5 when the 

internal pressures are set to (Pa 2, Pb 2, Pc 2).  From a 

data column CL3, values of three-dimensional shapes  and 

coordinates of the substrate when a pressure settin g is 

changed are described in the same manner. 

[0056] According to such map data, it is possible 

to decide internal pressures as (Pa l , Pb l , Pc l ) in a 

case in which, for example, a three-dimensional sha pe 

is adjusted to Z nl  when the imprint process is 

performed on a position at coordinates (X nl , Y nl ) of the 

substrate 5.  In practice, as shown in Fig. 13, imp rint 

coordinates can be arbitrary coordinates such as (X m, 

Ym).  Therefore, an internal pressure for implementin g 

the target three-dimensional shape is decided by, f or 

example, searching for coordinates in map data clos est 

to the coordinate or making an approximation from a  

neighboring value.  This allows the controller 8 to  
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change the pressure inside each suction region in 

accordance with the position of the shot region 

targeted for the imprint process. 

[0057] Referring back to Fig. 12, the controller 8 

performs the imprint process at the internal pressu res 

set as described above.  That is, the controller 8 

moves the imprint head 4 downward (step S6), brings   

the mesa portion 3a into contact with the imprint 

material 10 on the substrate 5, and then the gap 

between the mesa portion 3a and the substrate 5 is 

filled with the imprint material 10 (step S7).  The  

controller 8 measures the driving current of the mo tor 

in the mold driving mechanism 4c when moving the 

imprint head 4 downward in step S6 (step S8), and s aves 

the measured value of the driving current in the ma p 

data.  The controller 8 also saves, in the map data , 

captured image data (contact-part image data) obtai ned 

by capturing a state in which the imprint material 10 

brought into contact with the mesa portion 3a in st ep 

S7 is expanded (step S9).  Then, in the subsequent 

imprint process for the other shot regions, the dec ided 

internal pressures can be corrected by using the 

driving current of the motor and/or the contact-par t 

image data. 

[0058] The update and use of the map data will 

further be described with reference to Fig. 15.  Wh en 

performing the imprint process, actual data on the 
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height of the imprint head 4 and the driving curren t of 

the motor at this time is obtained.  Referring to F ig. 

15, in a graph indicating the relationship between the 

driving current of the motor and the height of the 

imprint head 4, an actual tilt change point is at t he 

position of the imprint head 4 lower than a referen ce 

tilt change point.  This means that in actual impri nt, 

the mesa portion 3a does not contact the imprint 

material 10 at a reference height, and the contact is 

started at a position lower than this.  That is, th e 

three-dimensional shape of the substrate does not r each 

a reference shape, further correcting internal 

pressures (Pa, Pb, Pc). 

[0059] Similarly, it can also be confirmed from 

the contact-part image data obtained at the time of  

imprint that an actual contact start point is outsi de 

the substrate relative to a reference contact start  

point between the mesa portion 3a and the imprint 

material 10.  That is, it can also be seen from thi s 

information that the three-dimensional shape of the  

substrate does not reach the reference shape, furth er 

correcting the internal pressures. 

[0060] As described above, it is possible to 

implement good imprint with less defect by controll ing 

the internal pressures in order to set the substrat e to 

a suitable three-dimensional shape at the time of 

imprint. 
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[0061] <Embodiment of Article Manufacturing 

Method> 

 A pattern of a cured product formed by using an 

imprint apparatus is used permanently for at least some 

of various articles or used temporarily when the 

various articles are manufactured.  The article 

includes an electric circuit element, an optical 

element, a MEMS, a printing element, a sensor, a mo ld, 

or the like.  The electric circuit element includes , 

for example, a volatile or nonvolatile semiconducto r 

memory such as a DRAM, an SRAM, a flash memory, or an 

MRAM or a semiconductor element such as an LSI, a C CD, 

an image sensor, or an FPGA.  The mold includes, fo r 

example, an imprinting mold. 

[0062] The pattern of the cured product is used 

without any change as a constituent member of at le ast 

a part of the above-described article or used 

temporarily as a resist mask.  The resist mask is 

removed after etching, ion implantation, or the lik e is 

performed in a processing step of the substrate. 

[0063] An article manufacturing method will now be 

described with reference to Fig. 16.  In step SA, a  

substrate 1z such as a silicon substrate having a 

processing target material 2z such as an insulator 

formed on its surface is prepared, and then an impr int 

material 3z is applied on the surface of the proces sing 

target material 2z by an inkjet method or the like.   A 



- 27 - 

state is shown here in which the imprint material 3 z 

formed into a plurality of droplets is applied on t he 

substrate. 

[0064] In step SB, a side of an imprinting mold 4z 

on which its three-dimensional pattern is formed fa ces 

the imprint material 3z on the substrate.  In step SC, 

the mold 4z and the substrate 1z to which the impri nt 

material 3z is applied are brought into contact wit h 

each other, and a pressure is applied.  The imprint  

material 3z fills the gap between the mold 4z and t he 

processing target material 2z.  The imprint materia l 3z 

is cured by irradiating it with light as curing ene rgy 

through the mold 4z in this state. 

[0065] In step SD, the pattern of the cured 

product of the imprint material 3z is formed on the  

substrate 1z by releasing the mold 4z and the subst rate 

1z from each other after curing the imprint materia l 3z.  

The pattern of this cured product has a shape 

conforming to the concave portion of the mold 

corresponding to the convex portion of the cured 

product.  That is, the three-dimensional pattern of  the 

mold 4z is transferred to the imprint material 3z. 

[0066] In step SE, out of the surface of the 

processing target material 2z, portions without the  

cured product or portions where the cured products 

remain thin are removed and become grooves 5z by 

performing etching using the pattern of the cured 
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product as an etching resistant mold.  In step SF, an 

article having the grooves 5z formed in the surface  of 

the processing target material 2z can be obtained b y 

removing the pattern of the cured product.  The pat tern 

of the cured product is removed here.  However, the  

pattern of the cured product may be utilized as, fo r 

example, an interlayer dielectric film included in the 

semiconductor element or the like, that is, the 

constituent member of the article without removing it 

after processing. 

[0067]Other Embodiments 

Embodiment(s) of the present invention can also 

be realized by a computer of a system or apparatus that 

reads out and executes computer executable instruct ions 

(e.g., one or more programs) recorded on a storage 

medium (which may also be referred to more fully as  a 

'non-transitory computer-readable storage medium') to 

perform the functions of one or more of the above-

described embodiment(s) and/or that includes one or  

more circuits (e.g., application specific integrate d 

circuit (ASIC)) for performing the functions of one  or 

more of the above-described embodiment(s), and by a  

method performed by the computer of the system or 

apparatus by, for example, reading out and executin g 

the computer executable instructions from the stora ge 

medium to perform the functions of one or more of t he 

above-described embodiment(s) and/or controlling th e 
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one or more circuits to perform the functions of on e or 

more of the above-described embodiment(s). The comp uter 

may comprise one or more processors (e.g., central 

processing unit (CPU), micro processing unit (MPU))  and 

may include a network of separate computers or sepa rate 

processors to read out and execute the computer 

executable instructions. The computer executable 

instructions may be provided to the computer, for 

example, from a network or the storage medium. The 

storage medium may include, for example, one or mor e of 

a hard disk, a random-access memory (RAM), a read o nly 

memory (ROM), a storage of distributed computing 

systems, an optical disk (such as a compact disc (C D), 

digital versatile disc (DVD), or Blu-ray Disc (BD)™ ), a 

flash memory device, a memory card, and the like.  

[0068] While the present invention has been 

described with reference to exemplary embodiments, it 

is to be understood that the invention is not limit ed 

to the disclosed exemplary embodiments.  The scope of 

the following claims is to be accorded the broadest  

interpretation so as to encompass all such 

modifications and equivalent structures and functio ns. 
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WHAT IS CLAIMED IS: 

1. An imprint apparatus that performs an imprint 

process of forming a pattern by bringing a mold int o 

contact with an imprint material on a substrate, th e 

apparatus comprising: 

 a mold holder configured to hold the mold; 

 a substrate holder configured to hold the 

substrate by suction; 

 a driving device configured to bring the mold 

into contact with the imprint material by relativel y 

bringing the mold holder and the substrate holder c lose 

to each other; and 

 a controller configured to control the driving 

device so as to bring the mold into contact with th e 

imprint material in a state in which the substrate is 

deformed into a convex shape with respect to the mo ld 

by controlling, based on surface shape data of the 

substrate held by the substrate holder, a pressure at 

which the substrate holder sucks the substrate. 

 

2. The apparatus according to claim 1, wherein the 

controller deforms the substrate into the convex sh ape 

with respect to the mold when a shot region is a 

peripheral shot region with a circumference of the 

substrate. 

 

3. The apparatus according to claim 1, wherein the 
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substrate holder includes a plurality of suction 

regions, 

 the apparatus includes a pressure regulator 

configured to communicate with the plurality of suc tion 

regions and regulate pressures inside the respectiv e 

suction regions, 

 the plurality of suction regions are divided 

concentrically, and 

 the controller deforms the substrate into the 

convex shape with respect to the mold by setting in side 

of a third suction region between a first suction 

region and a second suction region out of the plura lity 

of suction regions at a positive pressure while set ting 

insides of the first suction region and the second 

suction region at negative pressures, and holding t he 

substrate. 

 

4. The apparatus according to claim 3, wherein a 

partition on an outermost circumference out of a 

plurality of partitions that partition the pluralit y of 

suction regions is lower in height than other 

partitions. 

 

5. The apparatus according to claim 3, wherein the 

controller decides a pressure inside each of the 

plurality of suction regions for each shot region b ased 

on the surface shape data. 
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6. The apparatus according to claim 5, wherein the 

controller corrects the decided pressure based on 

captured image data obtained by capturing the impri nt 

material in the imprint process. 

 

7. The apparatus according to claim 5, wherein the 

controller corrects the decided pressure based on a  

driving current applied to the driving device. 

 

8. The apparatus according to claim 6, wherein the 

controller corrects the decided pressure further ba sed 

on a driving current applied to the driving device.  

 

9. The apparatus according to claim 1, further 

comprising a measurement device configured to measu re a 

height of the substrate held by the substrate holde r, 

thereby obtaining the surface shape data by a 

measurement result of the measurement device. 

 

10. The apparatus according to claim 1, wherein the  

controller further controls the driving device so a s to 

bring the mold into contact with the imprint materi al 

in a state in which the mold is deformed such that a 

pattern surface of the mold has a convex shape with  

respect to the substrate. 
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11. An imprint apparatus that performs an imprint 

process of forming a pattern by bringing a mold int o 

contact with an imprint material on a substrate, th e 

apparatus comprising: 

 a mold holder configured to hold the mold; 

 a substrate holder configured to hold the 

substrate by suction; 

 a driving device configured to bring the mold 

into contact with the imprint material by relativel y 

bringing the mold holder and the substrate holder c lose 

to each other; and 

 a controller configured to control the driving 

device so as to bring the mold into contact with th e 

imprint material in a state in which the substrate is 

deformed into a convex shape with respect to the mo ld 

by controlling a pressure at which the substrate ho lder 

sucks the substrate, 

 wherein in accordance with positions of shot 

regions targeted for the imprint process, the 

controller controls the pressure when the mold and an 

imprint material supplied to each of the shot regio ns 

are brought into contact with each other. 

 

12. An article manufacturing method of manufacturin g 

an article, the method comprising: 

 forming a pattern on a substrate by an imprint 

apparatus defined in any one of claims 1 to 11; and  
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 processing the substrate on which the pattern has 

been formed, 

 wherein the article is manufactured from the 

processed substrate. 


