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PHOTOMASK FOR EXTREME ULTRAVIOLET 

 

BACKGROUND 

[0001]  1. Field 

[0002]  The following description relates to a photomask for extreme ultraviolet. 

[0003]  2.  Description of Related Art 

[0004]  A specific semiconductor, such as memory, can be mainly divided into a main cell area 

and a peripheral & core area.  The peripheral (shortened to “peri”) area functions as a 

controller for data stored in cells to work properly and occupies an area of about 20 to 40 % 

within the whole area.  The main cell can accommodate a unit memory and memory cells. 

[0005]  An exposure process for forming such a semiconductor circuit may apply a phase 

difference extreme ultraviolet (EUV) photomask.  When a circuit with a special pattern layout 

is formed, further elaborate extreme ultraviolet photomask may be desired.  In this case, 

ordinarily, two types of photomasks have specific reflectance values suitable for using each 

pattern layout; for example, a photomask for forming a main cell and a photomask for forming 

a peripheral & core must be manufactured to be used.  This conventional procedure requires 

manufacturing processes of a semiconductor to be performed twice or more by using 

respective photomasks, in addition to causing an increase of cost for manufacturing 

photomasks, and thereby may increase the prime cost and loss of productivity. 

[0006]  The background technology mentioned in the above is technical information kept by 

inventors for deriving example embodiments or achieved by inventors during the deriving 

processes, and cannot necessarily be considered as noticed technology opened to general 

public before application of the present disclosure. 

 

SUMMARY 

[0007]  This Summary is provided to introduce a selection of concepts in a simplified form 

that are further described below in the Detailed Description.  This Summary is not intended 

to identify key features or essential features of the claimed subject matter, nor is it intended to 

be used as an aid in determining the scope of the claimed subject matter. 

[0008]  In one general aspect, an extreme ultraviolet photomask includes a conductive layer; 

a substrate disposed on the conductive layer; a multilayer, comprising different metals 

alternately stacked on the substrate; a protective layer disposed on the multilayer; a low-
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reflectance part disposed on a portion of the protective layer, wherein the low-reflectance part 

comprises a first absorbent layer disposed on the portion of the protective layer, a low-

reflectance layer formed on the first absorbent layer, and a first intagliated part formed at the 

portion where the protective layer is exposed; and a high-reflectance part disposed on another 

portion of the protective layer, wherein the high-reflectance part comprises a second absorbent 

layer disposed on the other portion of the protective layer, a high-reflectance layer disposed 

on the second absorbent layer, and a second intagliated part formed at the other where the 

protective layer is exposed. 

[0009]  A first layer of the multilayer may include molybdenum, and a second layer of the 

multilayer may include silicon or beryllium. 

[0010]  The first layer may have a thickness of 1 nm to 5 nm, and the second layer may have 

a thickness of 2 nm to 6 nm. 

[0011]  The protective layer may include one selected from the group consisting of ruthenium, 

ruthenium silicide, a chrome-based material, and combinations thereof. 

[0012]  The protective layer may have a thickness of 1 nm to 4 nm. 

[0013]  The low-reflectance layer and the high-reflectance layer may include a metal oxide. A 

laminate including the low-reflectance layer, the first absorbent layer and the protective layer 

may have a reflectance of 3 % to 8 % for extreme ultraviolet with a wavelength of 13.5 nm, 

and another laminate including the high-reflectance layer, the second absorbent layer and the 

protective layer may have a reflectance of 10 % to 40 % for extreme ultraviolet with the 

wavelength of 13.5 nm. 

[0014]  The low-reflectance layer may have a thickness of 12 nm to 30 nm, and the high-

reflectance layer may have a thickness of 4 nm to 10 nm. 

[0015]  A thickness ratio of the thickness of the low-reflectance to the thickness of the high-

reflectance layer may have a value of 1.2 to 7.5. 

[0016]  The metal oxide may include one selected from the group consisting of silica, alumina, 

and combinations thereof. 

[0017]  Each of the first absorbent layer and the second absorbent layer may include a lower 

absorbent layer formed on the protective layer, and an upper absorbent layer formed on the 

lower absorbent layer. The lower absorbent layer may include tantalum nitride, and the upper 

absorbent layer may include molybdenum. 

[0018]  The lower absorbent layer may have a thickness of 1 nm to 5 nm, and the upper 

absorbent layer may have a thickness of 20 nm to 40 nm. 
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[0019]  A thickness ratio of the thickness of the lower absorbent layer to the thickness of the 

upper absorbent layer may have a value of 0.025 to 0.25. 

[0020]  In another general aspect, an extreme ultraviolet photomask includes a substrate 

disposed on a conductive layer; a multilayer, comprising a first layer of molybdenum, and a 

second layer of silicon or beryllium alternately stacked on the substrate; a protective layer 

disposed on the multilayer; a low-reflectance part disposed on a portion of the protective layer, 

wherein the low-reflectance part comprises a first absorbent layer disposed on the portion of 

the protective layer, a low-reflectance layer formed on the first absorbent layer, and a first 

intagliated part formed at the portion where the protective layer is exposed; and a high-

reflectance part disposed on another portion of the protective layer, wherein the high-

reflectance part comprises a second absorbent layer disposed on the other portion of the 

protective layer, a high-reflectance layer disposed on the second absorbent layer, and a 

second intagliated part formed at the other where the protective layer is exposed. 

[0021]  The first and the second layers may be alternately stacked to have a total number of 

layers between 40 to 200 layers. 

[0022]  The first and the second layers may be alternately stacked to have a total of 50 to 160 

layers. 

[0023]  Other features and aspects will be apparent from the following detailed description, 

the drawings, and the claims. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024]  FIG. 1 is a sectional view depicting an example of an internal section of a photomask 

for extreme ultraviolet according to example embodiments. 

[0025]  FIG. 2 is a ground plan depicting an upper position view of an example of a photomask 

for extreme ultraviolet according to example embodiments. 

[0026]  FIG. 3 is a sectional view depicting an example of an internal section of a blank mask 

for extreme ultraviolet according to example embodiments. 

[0027]  Throughout the drawings and the detailed description, the same reference numerals 

refer to the same or like elements.  The drawings may not be to scale, and the relative size, 

proportions, and depiction of elements in the drawings may be exaggerated for clarity, 

illustration, and convenience. 
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DETAILED DESCRIPTION  

[0028]  The following detailed description is provided to assist the reader in gaining a 

comprehensive understanding of the methods, apparatuses, and/or systems described herein.  

However, various changes, modifications, and equivalents of the methods, apparatuses, 

and/or systems described herein will be apparent after an understanding of the disclosure of 

this application.  For example, the sequences of operations described herein are merely 

examples, and are not limited to those set forth herein, but may be changed as will be apparent 

after an understanding of the disclosure of this application, with the exception of operations 

necessarily occurring in a certain order.  Also, descriptions of features that are known after 

understanding of the disclosure of this application may be omitted for increased clarity and 

conciseness. 

[0029]  The features described herein may be embodied in different forms, and are not to be 

construed as being limited to the examples described herein.  Rather, the examples 

described herein have been provided merely to illustrate some of the many possible ways of 

implementing the methods, apparatuses, and/or systems described herein that will be 

apparent after an understanding of the disclosure of this application. 

[0030]  Throughout the specification, when an element, such as a layer, region, or substrate, 

is described as being "on," "connected to," or "coupled to" another element, it may be directly 

"on," "connected to," or "coupled to" the other element, or there may be one or more other 

elements intervening therebetween.  In contrast, when an element is described as being 

"directly on," "directly connected to," or "directly coupled to" another element, there can be no 

other elements intervening therebetween. 

[0031]  As used herein, the term "and/or" includes any one and any combination of any two 

or more of the associated listed items. 

[0032]  Although terms such as "first," "second," and "third" may be used herein to describe 

various members, components, regions, layers, or sections, these members, components, 

regions, layers, or sections are not to be limited by these terms.  Rather, these terms are only 

used to distinguish one member, component, region, layer, or section from another member, 

component, region, layer, or section.  Thus, a first member, component, region, layer, or 

section referred to in examples described herein may also be referred to as a second member, 

component, region, layer, or section without departing from the teachings of the examples. 

[0033]  Spatially relative terms such as "above," "upper," "below," and "lower" may be used 

herein for ease of description to describe one element’s relationship to another element as 

shown in the figures.  Such spatially relative terms are intended to encompass different 
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orientations of the device in use or operation in addition to the orientation depicted in the 

figures.  For example, if the device in the figures is turned over, an element described as 

being "above" or "upper" relative to another element will then be "below" or "lower" relative to 

the other element.  Thus, the term "above" encompasses both the above and below 

orientations depending on the spatial orientation of the device.  The device may also be 

oriented in other ways (for example, rotated 90 degrees or at other orientations), and the 

spatially relative terms used herein are to be interpreted accordingly. 

[0034]  The terminology used herein is for describing various examples only, and is not to be 

used to limit the disclosure.  The articles "a," "an," and "the" are intended to include the plural 

forms as well, unless the context clearly indicates otherwise.  The terms "comprises," 

"includes," and "has" specify the presence of stated features, numbers, operations, members, 

elements, and/or combinations thereof, but do not preclude the presence or addition of one or 

more other features, numbers, operations, members, elements, and/or combinations thereof. 

[0035]  Due to manufacturing techniques and/or tolerances, variations of the shapes shown 

in the drawings may occur.  Thus, the examples described herein are not limited to the 

specific shapes shown in the drawings, but include changes in shape that occur during 

manufacturing. 

[0036]  The features of the examples described herein may be combined in various ways as 

will be apparent after an understanding of the disclosure of this application.  Further, although 

the examples described herein have a variety of configurations, other configurations are 

possible as will be apparent after an understanding of the disclosure of this application. 

[0037]  In this application, “B being placed on A” means that B is placed in direct contact with 

A or placed over A with another layer or structure interposed therebetween and thus should 

not be interpreted as being limited to B being placed in direct contact with A. 

[0038]  Throughout this application, the phrase “combination(s) thereof” included in a 

Markush-type expression denotes one or more mixtures or combinations selected from the 

group consisting of components stated in the Markush-type expression, that is, denotes one 

or more components selected from the group consisting of the components are included. 

[0039]  Throughout this application, the description of “A and/or B” means “A, B, or A and B.” 

[0040]  In this application, a singular form is contextually interpreted as including a plural form 

as well as a singular form unless specially stated otherwise. 

[0041]  One of the objectives of the present disclosure is to provide a photomask with areas 

having patterns whose reflectance values are different from each other, while being suitably 
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manufactured to prevent side lobe problems in a photomask with a high reflectance, and 

increase efficiency of manufacturing processes. 

[0042]  Blank Mask for Extreme Ultraviolet 1 

[0043]  In one or more embodiments, a blank mask for extreme ultraviolet 1, may comprise a 

conductive layer 20; a substrate 30 formed on the conductive layer; a multilayer 40 formed by 

different kinds of metals stacked alternately on the substrate; a protective layer 50 formed on 

the multilayer; a preliminary low-reflectance part 11, which is one of some portions on the 

protective layer; and a preliminary high-reflectance part 12, which is the other of some portions 

on the protective layer.  

[0044]  The preliminary low-reflectance part 11 may comprise a preliminary absorbent layer 

6 formed on some parts on the protective layer; a preliminary low-reflectance layer 7 formed 

on the preliminary absorbent layer; and an etching prevention layer 9 formed on the 

preliminary low-reflectance layer. 

[0045]  The preliminary high-reflectance part 12 may comprise a preliminary absorbent layer 

formed on other parts on the protective layer; a preliminary high-reflectance layer 7c formed 

on the preliminary absorbent layer; and an etching prevention layer formed on the preliminary 

high-reflectance layer. Herein, it is noted that use of the term ‘may’ with respect to an example 

or embodiment, e.g., as to what an example or embodiment may include or implement, means 

that at least one example or embodiment exists where such a feature is included or 

implemented while all examples and embodiments are not limited thereto. 

[0046]  FIG. 3 is a sectional view illustrating an example of an internal section of a blank mask 

for extreme ultraviolet according to example embodiments. 

[0047]  The blank mask for extreme ultraviolet 1 is one for processing a photomask for 

extreme ultraviolet 100 to be described below, and some of the features thereof may be similar. 

[0048]  The conductive layer 20 may comprise materials suitable for chucking (fixing with 

static electricity), and for example, may comprise chrome, tantalum, and the like, but the 

materials are not limited thereto. 

[0049]  The substrate 30 may comprise quartz glass, titania (titanium dioxide), calcium 

fluoride, and the like, materials for low thermal expansion, and materials enabling minimization 

of distortion caused by a temperature increase during an exposure process.  For example, 

the substrate may comprise quartz glass. 

[0050]  The multilayer 40 may be made by first and second layers stacked alternately plural 

times. Each of the first layers may comprise molybdenum, and each of the second layers may 
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comprise a silicon layer or a beryllium layer.  Additionally, an arbitrary material that may be 

greatly reflected at a wavelength of extreme ultraviolet may be applied to the multilayer.  The 

first layer may have a thickness of 1 nm to 5 nm, and the second layer may have a thickness 

of 2 nm to 6 nm. 

[0051]  In one non-limiting example, the multilayer 40 may be made by the first and the 

second layers stacked alternately to have a total of 40 to 200 layers. In another non-limiting 

example, the first layers and the second layers may be alternately stacked to have a total of 

50 to 160 layers. 

[0052]  The multilayer 40 may have a reflectance of at least 0.4 or more, or 0.6 or more for 

extreme ultraviolet.  For example, the multilayer may have a reflectance of 0.7 to 0.9 for 

extreme ultraviolet with a wavelength of 13.5 nm. 

[0053]  The protective layer 50 may comprise ruthenium, ruthenium silicide, chrome-based 

materials, or the like. In one example, the protective layer 50 comprises ruthenium. 

[0054]  The protective layer 50 may have a thickness of 1 nm to 4 nm. 

[0055]  A blank mask for extreme ultraviolet 1 may be divided into a preliminary low-

reflectance part 11 and a preliminary high-reflectance part 12, excluding the preliminary low-

reflectance part, as illustrated in FIG. 3, on the protective layer 50. 

[0056]  The preliminary low-reflectance part 11 may comprise a preliminary absorbent layer 

6 and the preliminary low-reflectance layer 7 formed on the preliminary absorbent layer, and 

an etching prevention layer 9 formed on the preliminary low-reflectance layer. 

[0057]  The preliminary high-reflectance part 12 may comprise a preliminary absorbent layer 

6 formed on the protective layer 50 and a preliminary high-reflectance layer 7c formed on the 

preliminary absorbent layer, and an etching prevention layer 9 formed on the preliminary high-

reflectance layer. 

[0058]  The preliminary absorbent layer 6 may comprise a preliminary lower absorbent layer 

6a formed on the protective layer 50 and a preliminary upper absorbent layer 6b formed on 

the preliminary lower absorbent layer. 

[0059]  The preliminary absorbent layer 6a may comprise tantalum, tantalum nitride, tantalum 

oxide, titanium, or the like, and for example, may comprise tantalum nitride. 

[0060]  The preliminary lower absorbent layer 6a may have a thickness of 1 nm to 5 nm. 

[0061]  The preliminary upper absorbent layer 6b may comprise molybdenum. 

[0062]  The preliminary upper absorbent layer 6b may have a thickness of 20 nm to 40 nm, 
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or 24 nm to 36 nm. 

[0063]  The thickness ratio of the thickness of the preliminary lower absorbent layer 6a / the 

thickness of the preliminary upper absorbent layer 6b may have a value of 0.025 to 0.25, or 

0.05 to 0.15. 

[0064]  The preliminary lower absorbent layer 6a and the preliminary upper absorbent layer 

6b may have a difference in the etching rate from each other, enabling the pattern etching 

process to be efficiently made when a photomask is processed. 

[0065]  The preliminary low-reflectance layer 7 and the preliminary high-reflectance layer 7c 

may comprise a metal oxide.  The metal oxide may comprise any one or more between silica 

and alumina, and for example, may comprise alumina. 

[0066]  The preliminary low-reflectance layer 7 may have a thickness of 12 nm to 30 nm, or 

14 nm to 28 nm when comprising alumina. 

[0067]  The preliminary high-reflectance layer 7c may comprise a preliminary first reflective 

layer 7a formed on the preliminary absorbent layer 6 and a preliminary second reflective layer 

7b formed on the preliminary first reflective layer. 

[0068]  The preliminary first reflective layer 7a may be substantially formed as a high-

reflectance layer during the processing of a photomask. 

[0069]  The preliminary second reflective layer 7b may be etched during the processing of a 

photomask. 

[0070]  The preliminary first reflective layer 7a may have a thickness of 4 nm to 10 nm, or 5 

nm to 9 nm when comprising alumina. 

[0071]  The thickness ratio of the thickness of the preliminary low-reflectance layer 7 / the 

thickness of the preliminary first reflective layer 7a may have a value of 1.2 to 7.5, or 2 to 6.  

When such a thickness ratio is applied, it is possible to enable subsequent processes of a 

photomask to be easily made, and it is possible to embody circuit patterns with different 

reflectance values effectively by using one mask. 

[0072]  An arbitrary laminate comprising the preliminary low-reflectance layer 7, the 

preliminary absorbent layer 6, and the protective layer 50 may have a phase difference of 178 

degrees to 182 degrees with respect to extreme ultraviolet with the wavelength of 13.5 nm. 

[0073]  The etching prevention layer 9 may comprise a chrome-based material, and may 

comprise chrome. 

[0074]  The blank mask for extreme ultraviolet 1 may have a composition capable of easy 



 

9 

processing to make a photomask for extreme ultraviolet 100 described below from the blank 

mask. 

[0075]  Photomask for Extreme Ultraviolet 100 

[0076]  In one general aspect, a photomask for extreme ultraviolet 100, according to 

embodiments, may comprise a conductive layer 20; a substrate 30 formed on the conductive 

layer; a multilayer 40 formed by different kinds of metals stacked alternately on the substrate; 

a protective layer 50 formed on the multilayer; a low-reflectance part 101 formed on some 

parts on the protective layer; and a high-reflectance part 102 formed on other parts on the 

protective layer. 

[0077]  The low-reflectance part 101 may comprise a first absorbent layer 61 formed on some 

parts on the protective layer; a low-reflectance layer 71 formed on the first absorbent layer; 

and a first intagliated part 81 where the protective layer is exposed. 

[0078]  The high-reflectance part 102 may comprise a second absorbent layer 62 formed on 

other parts on the protective layer; a high-reflectance layer 72 formed on the second absorbent 

layer; and a second intagliated part 82 where the protective layer is exposed. 

[0079]  FIG. 1 is a sectional view for illustrating one example of an internal section of a 

photomask for extreme ultraviolet 100 according to example embodiments.  

[0080]  FIG. 2 is a ground plan depicting an upper position view of an example of a photomask 

for extreme ultraviolet according to example embodiments. 

[0081]  In the wavelength of about 13.5 nm of extreme ultraviolet used to an extreme 

ultraviolet (EUV) exposure process, most materials have high absorptiveness, and therefore, 

a reflective optical system is ordinarily used.  According to embodiments, a photomask for 

extreme ultraviolet 100 enables extreme ultraviolet radiated from a light source for exposure 

to be reflected by the multilayer 40 in the area where the protective layer 50 is exposed.  The 

other areas except the above area have predetermined reflectance values to have a phase 

difference of 180 degrees. Therefore, extreme ultraviolet can partially be cancelled while 

absorbed through the first absorbent layer 41 and the second absorbent layer 42. 

[0082]  The conductive layer 20 may comprise materials for chucking (fixing with static 

electricity) a photomask, for example, chrome, tantalum, and the like, but the materials are not 

limited thereto. 

[0083]  The substrate 30 may comprise quartz glass, titania (titanium dioxide), and the like, 

materials for low thermal expansion, and materials enabling minimization of distortion caused 

by a temperature increase in an exposure process.  For example, the substrate may 
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comprise quartz glass. 

[0084]  The multilayer 40 may be made by first and second layers stacked alternately plural 

times, wherein the first layers may comprise a molybdenum layer, and the second layer may 

comprise a silicon layer or a beryllium layer.  Also, an arbitrary material that can greatly be 

reflected at a wavelength of extreme ultraviolet may be applied to the multilayer. For example, 

the first layer may have a thickness of 1 nm to 5 nm, and the second layer may have a 

thickness of 2 nm to 6 nm. 

[0085]  The multilayer 40 may be one made by the first layers and the second layers stacked 

alternately to have total 40 to 200 layers, or may be one made by the first layers and the 

second layers stacked alternately to have total 50 to 160 layers. 

[0086]  The multilayer 40 may have a reflectance for extreme ultraviolet of at least 0.4 or more, 

or 0.6 or more.  For example, the multilayer may have a reflectance of 0.7 to 0.9 with respect 

to extreme ultraviolet with a wavelength of 13.5 nm. 

[0087]  The protective layer 50 may comprise ruthenium, ruthenium silicide, chrome-based 

materials, or the like. In an example, the protective layer 50 may comprise ruthenium. 

[0088]  The protective layer 50 may have a thickness of 1 nm to 4 nm. 

[0089]  A photomask for extreme ultraviolet 100 may be divided into a preliminary low-

reflectance part 101 and a preliminary high-reflectance part 102, excluding the preliminary 

low-reflectance part, as illustrated in FIG. 3, on the protective layer 50. 

[0090]  The low-reflectance part 101 may comprise a first absorbent layer 61 formed on the 

protective layer 50 and a low-reflectance layer 71 formed on the first absorbent layer, and may 

comprise a first intagliated part 81 where the protective layer 50 is exposed, excluding the low-

reflectance area 83 comprising the low-reflectance layer. 

[0091]  The high-reflectance part 102 may comprise a second absorbent layer 62 formed on 

the protective layer 50 and a high-reflectance layer 72 formed on the second absorbent layer, 

and may comprise a second intagliated part 82 where the protective layer 50 is exposed, 

excluding a high-reflectance area 84 comprising the high-reflectance layer. 

[0092]  The first absorbent layer 61 and the second absorbent layer 62 may comprise 

substantially the same material. 

[0093]  The first absorbent layer 61 and the second absorbent layer 62 may comprise lower 

absorbent layers 61a and 62a and upper absorbent layers 61b and 62b. 

[0094]  The lower absorbent layers 61a and 62a may comprise tantalum, tantalum nitride, 
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tantalum oxide, titanium, or the like. In one example, the lower absorbent layers 61a and 62a 

may comprise tantalum nitride. 

[0095]  The lower absorbent layers 61a and 62a may have a thickness of 1 nm to 5 nm. 

[0096]  The upper absorbent layers 61b and 62b may comprise molybdenum or the like. 

[0097]  The upper absorbent layers 61b and 62b may have a thickness of 20 nm to 40 nm, or 

24 nm to 36 nm. 

[0098]  The thickness ratio of the thickness of the lower absorbent layer 61a or 62a / the 

thickness of the upper absorbent layer 61b and 62b may have a value of 0.025 to 0.25, or 

0.05 to 0.15. 

[0099]  The low-reflectance layer 71 and the high-reflectance layer 72 may comprise a metal 

oxide.  The metal oxide may comprise any one or more between silica and alumina. In one 

example, the metal oxide may comprise alumina. 

[0100]  An arbitrary laminate comprising the low-reflectance layer 71, the first absorbent layer 

61, and the protective layer 50 may have a reflectance of 3 % to 8 %, or 4.5 % to 7.5 % with 

respect to extreme ultraviolet with the wavelength of 13.5 nm.  The reflectance may be a 

reflectance when the extreme ultraviolet is radiated toward the laminate. 

[0101]  When the low-reflectance layer 71 and the high-reflectance layer 72 have such a 

reflectance, a circuit with a specific pattern layout can easily be formed by using one 

photomask in an extreme exposure process with extreme ultraviolet. 

[0102]  An arbitrary laminate comprising the low-reflectance layer 71, the first absorbent layer 

61, and the protective layer 50 may have a phase difference of 178 degrees to 182 degrees 

for extreme ultraviolet with a wavelength of 13.5 nm. 

[0103]  An arbitrary laminate comprising the high-reflectance layer 72, the second absorbent 

layer 62, and the protective layer 50 may have a phase difference of 178 degrees to 182 

degrees for extreme ultraviolet with a wavelength of 13.5 nm. 

[0104]  The low-reflectance layer 71 may have a thickness of 12 nm to 30 nm, or 14 nm to 28 

nm when comprising metal oxide such as alumina. 

[0105]  The high-reflectance layer 72 may comprise a thickness of 4 nm to 10 nm, or 5 nm to 

9 nm when comprising metal oxide such as alumina. 

[0106]  The thickness ratio of the thickness of the low-reflectance layer 71 / the thickness of 

the high-reflectance layer 72 may have a value of 1.2 to 7.5, or 2 to 6. 

[0107]  When the low-reflectance layer 71 and the high-reflectance layer 72 have the above 
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material and thickness characteristics, a circuit with a specific pattern layout can easily be 

made in an exposure process with extreme ultraviolet. 

[0108]  The photomask for extreme ultraviolet 100 can easily embody circuit patterns of the 

main cell area and peripheral & core area applicable to memory cells and the like through a 

simplified exposure process using extreme ultraviolet without separate replacement of a 

photomask, in addition to having improved resolution and uniformity. 

[0109]  The photomask for extreme ultraviolet 100 can easily form a circuit having another 

specific pattern layout in an exposure process with extreme ultraviolet. 

[0110]  Manufacturing Method of Blank Mask for Extreme Ultraviolet 

[0111]  A manufacturing method of a blank mask for extreme ultraviolet may comprise, 

[0112]  an operation of alternately forming layers by using different kinds of metals on a 

substrate of a conductive layer to form a multilayer; 

[0113]  an operation of forming a protective layer on the upper portion of the multilayer; 

[0114]  an operation of dividing the protective layer into some preliminary low-reflectance 

parts and the other preliminary high-reflectance parts; 

[0115]  an operation of forming a preliminary absorbent layer on the protective layer of the 

preliminary low-reflectance part and the protective layer of the preliminary high-reflectance 

part, respectively; 

[0116]  an operation of forming an etching prevention layer on the preliminary low-reflectance 

layer and the preliminary high-reflectance layer. 

[0117]  Forming a multilayer may be performed by repeating an operation of forming a layer 

with any one kind of metal on the substrate and then forming a layer with another kind of metal 

thereon.  The operation of forming a multilayer may, for example, be performed by sputtering.  

Additionally, the operation of forming a multilayer may be performed by the procedures that 

are forming a molybdenum layer as a first layer, subsequently forming a silicon layer as a 

second layer on the first layer, and repeating the above processes dozens of times. 

[0118]  In the operation of forming a multilayer, the formation of the first layer may be 

performed through sputtering with an electric power of 50 W to 200 W under a pressure of 0.2 

mTorr to 2.0 mTorr, and a molybdenum layer may be formed through a molybdenum target. 

[0119]  In the operation of forming a multilayer, the formation of the second layer may be 

performed through sputtering with an RF electric power of 50 W to 200 W under a pressure of 

0.2 mTorr to 2.0 mTorr, and a silicon layer or a beryllium layer may be formed through a silicon 
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or beryllium target. 

[0120]  An operation for forming a protective layer may be performed by forming a protective 

layer on the multilayer.  The operation for forming a protective layer may, for example, be 

performed by sputtering, and ion beam sputtering, DC sputtering, or the like may be applied. 

[0121]  The operation for forming a protective layer may be performed through sputtering with 

an electric power of 50 W to 200 W under a pressure of 0.2 mTorr to 2.0 mTorr, and may form 

a protective layer through a target comprising ruthenium, ruthenium silicide, and a chrome-

based material. 

[0122]  On the protective layer, some preliminary low-reflectance parts and the other 

preliminary high-reflectance parts may be distinguished by being demarcated, and preliminary 

absorbent layers may respectively be formed on the protective layer of the preliminary low-

reflectance parts and the protective layer of the preliminary high-reflectance parts.  The 

demarcation may proceed according to a predetermined layout, and for example, as shown in 

FIG. 2, the demarcation may be made for the protective layer to be processed into a 

photomask comprising plural high-reflectance parts in a quadrangular shape and low-

reflectance parts as the rest thereof. 

[0123]  The formation of the preliminary-absorbent layer may proceed according to the 

procedures that are forming preliminary lower-absorbent layers on the protective layer of the 

preliminary low-reflectance layer and the protective layer of the preliminary high-reflectance 

layer and subsequently forming preliminary upper absorbent layers on the preliminary lower-

absorbent layers. 

[0124]  The formation of the preliminary lower absorbent layer may proceed through 

sputtering with an electric power of 50 W to 200 W under a pressure of 0.2 mTorr to 2.0 mTorr, 

and a preliminary lower-absorbent layer may be formed through a target comprising tantalum, 

tantalum nitride, tantalum oxide, titanium, and the like. 

[0125]  The formation of the preliminary upper absorbent layer may proceed through 

sputtering with an electric power of 50 W to 200 W under a pressure of 0.2 mTorr to 2.0 mTorr, 

and a preliminary upper-absorbent layer may be formed through a target comprising 

molybdenum. 

[0126]  The formation of the preliminary low-reflectance layer and the preliminary high-

reflectance layer may proceed through sputtering with an electric power of 50 W to 200 W 

under a pressure of 0.2 mTorr to 2.0 mTorr, and the preliminary low-reflectance layer and the 

preliminary high-reflectance layer may be formed through a target comprising alumina. 
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[0127]  The preliminary high-reflectance layer may be prepared by forming a preliminary first 

reflexive layer to have a desired thickness first and subsequently forming a preliminary second 

reflexive layer on the preliminary first reflexive layer.  The preliminary first reflexive layer and 

the preliminary second reflexive layer may be formed by adjusting a time for forming layers 

under the conditions for sputtering substantially similar to the preliminary low-reflectance layer, 

and may be formed through a target comprising alumina. 

[0128]  The operation of forming the etching prevention layer may be performed by forming  

etching prevention layers on the preliminary low-reflectance layer and the preliminary high-

reflectance layer.  The operation of forming the etching prevention layer may be performed 

through sputtering. 

[0129]  The operation of forming the etching prevention layer may be performed through 

sputtering with an electric power of 50 W to 200 W under a pressure of 0.2 mTorr to 2.0 mTorr, 

and an etching prevention layer may be formed through a target comprising a chrome-based 

material. 

[0130]  Processing Method of Photomask for Extreme Ultraviolet 

[0131]  A processing method of a photomask for extreme ultraviolet may comprise two kinds 

of operations that are an operation of manufacturing a blank mask and an operation of 

patterning the blank mask. 

[0132]  The operation of manufacturing a blank mask is the same as described in the 

manufacturing method of a blank mask for extreme ultraviolet and thus the overlapped 

description is omitted. 

[0133]  A processing method of a photomask for extreme ultraviolet according to 

embodiments may comprise a conductive layer; a substrate formed on the conductive layer; 

a multilayer formed by different kinds of metals stacked alternately on the substrate; a 

protective layer formed on the multilayer; a preliminary low-reflectance part which is some 

parts on the protective layer; and a preliminary high-reflectance part which is the other parts 

on the protective layer. 

[0134]  The preliminary low-reflectance part may comprise a preliminary absorbent layer 

formed on some parts on the protective layer; a preliminary low-reflectance layer formed on 

the preliminary absorbent layer; and an etching prevention layer formed on the preliminary 

low-reflectance layer. 

[0135]  The preliminary high-reflectance part may comprise an operation of preparing a blank 

mask for extreme ultraviolet comprising a preliminary absorbent layer formed on other parts 
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on the protective layer; a preliminary high-reflectance layer formed on the preliminary 

absorbent layer; an etching prevention layer formed on the preliminary high-reflectance layer; 

an operation of etching the etching prevention layer of the blank mask for extreme ultraviolet, 

and etching some of the preliminary low-reflectance part and some of the preliminary high-

reflectance part for forming a pattern; and an operation of etching the preliminary low-

reflectance layer of the preliminary low-reflectance part and the preliminary high-reflectance 

layer of the preliminary high-reflectance layer to have different thicknesses from each other 

and thereby forming a low-reflectance part and a high-reflectance part. 

[0136]  The preliminary high-reflectance layer may comprise a preliminary first reflective layer 

formed on the preliminary absorbent layer; and a preliminary second reflective layer formed 

on the preliminary first reflectance layer. 

[0137]  The operation of forming a pattern may comprise a process etching some of the 

preliminary low-reflectance part to form a first intagliated part where a protective layer is 

exposed, and a process of etching some of the preliminary high-reflectance part to form a 

second intagliated part where a protective layer is exposed. 

[0138]  The operation of forming the low-reflectance and high-reflectance parts may allow the 

preliminary low-reflectance layer of the preliminary low-reflectance part and the preliminary 

high-reflectance layer of the preliminary high-reflectance part to be etched to reach different 

degrees from each other, and for example, may proceed as follows.  First, the entire 

preliminary low-reflectance part and the preliminary high-reflectance part where patterns have 

been formed are applied by photoresists, and only areas corresponding to a preliminary high-

reflectance part are exposed and removed to be opened.  Subsequently, the second reflexive 

layer of the preliminary high-reflectance layer of the preliminary high-reflectance part may be 

selectively etched to make the thickness of the preliminary high-reflectance layer be thinner 

and thereby a high-reflectance layer may be formed. 

[0139]  The low-reflectance part and the high-reflectance part have the same constitution as 

described in the photomask for extreme ultraviolet above. 

[0140]  The operation of forming a pattern may allow the target area to be selectively etched 

through a separate mask for etching and thereby a first intagliated part and a second 

intagliated part may be formed. 

[0141]  Hereinafter, the present disclosure will be described in further detail with reference to 

accompanying examples.  The following embodiments are only examples for understanding 

the present disclosure, and the range of the present disclosure is not limited to the same. 

[0142]  Manufacturing Example – Manufacture of Laminate Equipped with Low-Reflectance 
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Layer and High-Reflectance Layer 

[0143]  A magnetron sputtering apparatus was prepared, and a target was disposed in a 

chamber in the apparatus to have a distance of 255 mm between the target and a substrate 

and an angle of 25 degrees between the target and the substrate. 

[0144]  An inert gas atmosphere was formed in the chamber, the electric power of 100 W was 

applied, and a sputtering process was performed under the pressure of 1 mTorr through a 

ruthenium target, and thereby an Ru layer as a protective layer was formed to have the 

thickness of 2 nm. 

[0145]  Some of the protective layer was distinguished as a preliminary low-reflectance part 

and the other of the protective layer was distinguished as a preliminary high-reflectance part. 

[0146]  After the formation of the protective layer, an atmosphere comprising nitrogen of 40 

volume% in the chamber, and a sputtering process was performed under the pressure of 1 

mTorr through a tantalum target, and thereby a TaN layer as a preliminary lower absorbent 

layer was formed to have the thickness of 3 nm. 

[0147]  After the formation of the preliminary lower absorbent layer, a sputtering process was 

performed under the pressure of 1 mTorr through a molybdenum target, and thereby a Mo 

layer as a preliminary upper absorbent layer was formed to have a thickness of 31 nm. 

[0148]  After the formation of the preliminary upper absorbent layer, a sputtering process was 

performed under the pressure of 1 mTorr through an alumina target, and thereby an Al2O3 

layer as a reflective layer was formed to have a thickness of 21 nm. 

[0149]  After the formation of the reflective layer, a sputtering process was performed under 

the pressure of 1 mTorr through a chrome target, and thereby a Cr layer as an etching 

prevention layer was formed to have a thickness of 10 nm. 

[0150]  Thereafter, a photoresist was applied, only the areas corresponding to the preliminary 

high-reflectance part were exposed and removed, and after that, preliminary high-reflectance 

parts were selectively etched to form a high-reflectance layer of 7 nm made from Al2O3, and a 

laminate where a high-reflectance layer made from Al2O3 and a low-reflectance layer made 

from Al2O3 as the rest had been formed was prepared. 

[0151]  Comparative Example – Manufacture of Laminate Comprising TaN Layer 

[0152]  An inert gas atmosphere in the chamber of the sputtering apparatus of the 

manufacturing example was formed, the electric power of 100 W was applied, and the 

sputtering process was performed through a ruthenium target under the pressure of 1 mTorr 

to form an Ru layer of 2 nm as a protective layer. 
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[0153]  After the formation of the protective layer, an atmosphere comprising nitrogen of 40 

volume% in the chamber was formed, the sputtering process was performed through a 

tantalum target under the pressure of 1 mTorr, and a TaN layer of 58 nm as a lower absorbent 

layer was formed, thereby manufacturing a laminate comprising a TaN layer. 

[0154]  Experiment Example – Measurement of Reflectance of Extreme Ultraviolet 

[0155]  The reflectance of extreme ultraviolet with the wavelength of 13.5 nm of the laminate 

prepared in the Manufacture Example and Comparative Example was measured through MBR 

available from AIXUV corporation, and the result is shown in Table 1. 

[0156]  [Table 1] 

Index Al2O3 Mo TaN Ru Reflectance 

of Laminate 

Phase 

Difference 

Low-

Reflectance 

Part of 

Manufacture 

Example 

21 nm 31 nm 3 nm 2 nm 5.6 % 180 

degrees 

High-

Reflectance 

Part of 

Manufacture 

Example 

7 nm 31 nm 3 nm 2 nm 25 % 180 

degrees 

Comparative 

Example 

- - 58 nm 2 nm 1 % - 

 

[0157]  As the result of the measurement, a laminate of the low-reflectance layer and below 

from the low-reflectance part showed a reflectance of about 5.6 % for extreme ultraviolet with 

a wavelength of 13.5 nm, and a laminate of the high-reflectance layer and below from the 

high-reflectance layer showed a reflectance of about 25 % for extreme ultraviolet with the 

wavelength of 13.5 nm 

[0158]  In the case of the Comparative Example comprising a protective layer and a relatively 

thick TaN layer, the laminate showed a reflectance of about 1 %. 

[0159]  According to example embodiments, a manufacturing process for a semiconductor 
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element can be simplified through a mask, including a low-reflectance area with relatively low 

reflectance and a high-reflectance area with relatively high reflectance. 

[0160]  According to example embodiments, it is possible to achieve an advantage of 

embodying a circuit pattern related to a semiconductor layout, which may be divided into a 

main cell area and a peripheral & core area, by using one photomask 

[0161]  While this disclosure includes specific examples, it will be apparent after an 

understanding of the disclosure of this application that various changes in form and details 

may be made in these examples without departing from the spirit and scope of the claims and 

their equivalents.  The examples described herein are to be considered in a descriptive sense 

only, and not for purposes of limitation.  Descriptions of features or aspects in each example 

are to be considered as applying to similar features or aspects in other examples.  Suitable 

results may be achieved if the described techniques are performed in a different order, and/or 

if components in a described system, architecture, device, or circuit are combined in a different 

manner, and/or replaced or supplemented by other components or their equivalents.  

Therefore, the scope of the disclosure is defined not by the detailed description, but by the 

claims and their equivalents, and all variations within the scope of the claims and their 

equivalents are to be construed as being included in the disclosure. 
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WHAT IS CLAIMED IS: 

1. A photomask for extreme ultraviolet comprising: 

a conductive layer; 

a substrate disposed on the conductive layer; 

a multilayer, comprising different metals alternately stacked on the substrate; 

a protective layer disposed on the multilayer; 

a low-reflectance part disposed on a portion of the protective layer, wherein the low-

reflectance part comprises a first absorbent layer disposed on the portion of the protective 

layer, a low-reflectance layer formed on the first absorbent layer, and a first intagliated part 

formed at the portion where the protective layer is exposed; and 

a high-reflectance part disposed on another portion of the protective layer, wherein the 

high-reflectance part comprises a second absorbent layer disposed on the other portion of the 

protective layer, a high-reflectance layer disposed on the second absorbent layer, and a 

second intagliated part formed at the other where the protective layer is exposed. 

 

2. The photomask for extreme ultraviolet of claim 1, 

wherein a first layer of the multilayer comprises molybdenum, and 

a second layer of the multilayer comprises silicon or beryllium. 

 

3. The photomask for extreme ultraviolet of claim 1, 

wherein the protective layer comprises one selected from the group consisting of 

ruthenium, ruthenium silicide, a chrome-based material, and combinations thereof. 

 

4. The photomask for extreme ultraviolet of claim 1, 

wherein the low-reflectance layer and the high-reflectance layer comprise a metal oxide, 

wherein a laminate comprising the low-reflectance layer, the first absorbent layer and 

the protective layer has a reflectance of 3 % to 8 % for extreme ultraviolet with a wavelength 

of 13.5 nm, and 

wherein another laminate comprising the high-reflectance layer, the second absorbent 

layer and the protective layer has a reflectance of 10 % to 40 % for extreme ultraviolet with 
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the wavelength of 13.5 nm. 

 

5. The photomask for extreme ultraviolet of claim 4, 

wherein the low-reflectance layer has a thickness of 12 nm to 30 nm, and 

the high-reflectance layer has a thickness of 4 nm to 10 nm. 

 

6. The photomask for extreme ultraviolet of claim 4, 

wherein a thickness ratio of the thickness of the low-reflectance to the thickness of the 

high-reflectance layer has a value of 1.2 to 7.5. 

 

7. The photomask for extreme ultraviolet of claim 4, 

wherein the metal oxide comprises one selected from the group consisting of silica, 

alumina, and combinations thereof. 

 

8. The photomask for extreme ultraviolet of claim 1, 

wherein each of the first absorbent layer and the second absorbent layer comprises a 

lower absorbent layer formed on the protective layer, and an upper absorbent layer formed on 

the lower absorbent layer, and 

wherein the lower absorbent layer comprises tantalum nitride, and the upper absorbent 

layer comprises molybdenum. 

 

9. The photomask for extreme ultraviolet of claim 8, 

wherein the lower absorbent layer has a thickness of 1 nm to 5 nm, and 

wherein the upper absorbent layer has a thickness of 20 nm to 40 nm. 

 

10. The photomask for extreme ultraviolet of claim 8, 

wherein a thickness ratio of the thickness of the lower absorbent layer to the thickness 

of the upper absorbent layer has a value of 0.025 to 0.25. 

  


