
Docket No.: 44016474SG01 PATENT 

1 

PHYSICAL VAPOR DEPOSITION SYSTEM AND PROCESSES 

TECHNICAL FIELD 

[0001] The present disclosure relates generally to substrate processing systems, and 

more specifically, embodiments pertain to physical vapor deposition systems with 

multiple cathode assemblies (multi-cathodes) and processes for physical vapor 5 

deposition.  

BACKGROUND 

[0002] Sputtering, alternatively called physical vapor deposition (PVD), is used for 

the deposition of metals and related materials in the fabrication of semiconductor 10 

integrated circuits.  Use of sputtering has been extended to depositing metal layers 

onto the sidewalls of high aspect-ratio holes such as vias or other vertical interconnect 

structures, as well as in the manufacture of extreme ultraviolet (EUV) mask blanks. In 

the manufacture of EUV mask blanks, minimizing particle generation is desired, 

because particles negatively affect the properties of the final product.  Furthermore, in 15 

the manufacture of an EUV mask blank, a multilayer reflector comprising alternating 

layers of different materials, for example, silicon and molybdenum is deposited in a 

PVD chamber.  Contamination of the individual silicon and molybdenum layers caused 

by cross-contamination of the silicon and molybdenum targets can be a problem 

which leads to EUV mask blank defects.  20 

[0003] Plasma sputtering may be accomplished using either DC sputtering or RF 

sputtering.  Plasma sputtering typically includes a magnetron positioned at the back of 

the sputtering target including at least two magnets of opposing poles magnetically 

coupled at their back through a magnetic yoke to project a magnetic field into the 

processing space to increase the density of the plasma and enhance the sputtering 25 

rate from a front face of the target. Magnets used in the magnetron are typically 

closed loop for DC sputtering and open loop for RF sputtering.   

[0004] In plasma enhanced substrate processing systems, such as physical vapor 

deposition (PVD) chambers, high power density PVD sputtering with high magnetic 

fields and high DC power can produce high energy at a sputtering target, and cause a 30 
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large rise in surface temperature of the sputtering target.  The sputtering target is 

cooled by contacting a target backing plate with cooling fluid.  In plasma sputtering as 

typically practiced commercially, a target of the material to be sputter deposited is 

sealed to a vacuum chamber containing the wafer to be coated. Argon is admitted to 

the chamber. In the sputtering processes, the sputtering target is bombarded by 5 

energetic ions, such as a plasma, causing material to be displaced from the target and 

deposited as a film on a substrate placed in the chamber. 

[0005] There remains a need to reduce defect sources such as particles and cross-

contamination of targets of different material in a multi-cathode PVD chamber.   

10 

SUMMARY 

[0006] In a first embodiment of the disclosure, a physical vapor deposition (PVD) 

chamber comprises a plurality of cathode assemblies including a first cathode 

assembly including a first backing plate to support a first target during a sputtering 

process and a second cathode assembly including a second backing plate configured 15 

to support a second target during a sputtering process;  an upper shield below 

the plurality of cathode assemblies having a first shield hole having a diameter and 

positioned on the upper shield to expose the first cathode assembly and a second 

shield hole having a diameter and positioned on the upper shield to expose the 

second cathode assembly, the upper shield having a flat inside surface , except for a 20 

region between the first shield hole and the second shield hole; and  a raised 

area in the region between the first shield hole and the second shield hole, the raised 

area having a height greater than one centimeter from the flat inside surface and 

having a length greater than the diameter of the first shield hole and the diameter of 

the second shield hole, wherein the PVD chamber is configured to alternately sputter 25 

material from the first target and the second target without rotating the upper shield. 

[0007] According to a second embodiment of the disclosure, a physical vapor 

deposition (PVD) chamber comprises a plurality cathode assemblies including a first 

cathode assembly including a first backing plate supporting a first target comprising 

molybdenum and a second cathode assembly including a second backing plate 30 

supporting a second target comprising silicon, a third cathode assembly including a 

third backing plate supporting a third target comprising a dummy material, and a fourth 
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cathode assembly including a fourth backing plate supporting a fourth target 

comprising a dummy material; an upper shield below the plurality of cathode 

assemblies having a first shield hole having a diameter and positioned on the upper 

shield to expose the first target and a second shield hole having a diameter and 

positioned on the upper shield to expose the second target, the upper shield having a 5 

flat surface, except for a region between the first shield hole and the second shield 

hole, the upper shield configured to permit molybdenum and silicon material to be 

alternately sputtered from the first target and the second target respectively without 

rotating the upper shield; and a raised area in the region between the first shield hole 

and the second shield hole, the raised area having a height greater than one 10 

centimeter and having a length greater than the diameter of the first shield hole and 

the second shield hole, wherein the upper shield is rotatable to allow one of the first 

shield hole and the second shield hole to expose the first target and one of third target 

and the fourth target. 

[0008] A third embodiment of the disclosure pertains to a method of depositing 15 

alternating material layers in a physical vapor deposition (PVD) chamber comprising: 

placing a substrate in the PVD chamber comprising a plurality cathode assemblies 

including a first cathode assembly including a first target comprising a first material 

and a second cathode assembly including a second target comprising a second 

material different from the first material.  The method further comprises disposing an 20 

upper shield below the plurality of cathode assemblies, the upper shield having a first 

shield hole having a diameter and positioned on the upper shield to expose the first 

target and a second shield hole having a diameter and positioned on the upper shield 

to expose the second target.  The upper shield further comprises a flat surface 

between the first shield hole and the second shield hole and a raised area between 25 

the two of the shield holes having a length at least equal to the diameter of the first 

shield hole and the second shield hole.  The method further comprises alternately 

sputtering material from the first target and the second target without rotating the 

upper shield, wherein the raised area prevents the first material from contaminating 

the second target and prevents the second material from contaminating the first 30 

target. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] So that the manner in which the above-recited features of the present 

disclosure can be understood in detail, a more particular description of the disclosure, 

briefly summarized above, may be had by reference to embodiments, some of which 

are illustrated in the appended drawings.  It is to be noted, however, that the 5 

appended drawings illustrate only typical embodiments of this disclosure and are 

therefore not to be considered limiting of its scope, for the disclosure may admit to 

other equally effective embodiments.  

[0010] FIG. 1 is a side view of a prior art deposition system; 

[0011] FIG. 2 is a side view of a PVD chamber according to one or more 10 

embodiments; 

[0012] FIG. 3 is a bottom isometric view of the upper shield of the PVD chamber of 

FIG. 2;  

[0013] FIG. 4A is bottom view of the upper shield and targets in a first rotational 

position; 15 

[0014] FIG. 4B is a bottom view of the upper shield and the targets in a second 

rotational position; and 

[0015] FIG. 4C is a bottom view of the upper shield and the targets in a third 

rotational position. 

20 

DETAILED DESCRIPTION 

[0016] Before describing several exemplary embodiments of the disclosure, it is to be 

understood that the disclosure is not limited to the details of construction or process 

steps set forth in the following description.  The disclosure is capable of other 

embodiments and of being practiced or being carried out in various ways.   25 

[0017] As used in this specification and the appended claims, the term "substrate" 

refers to a surface, or portion of a surface, upon which a process acts.  It will also be 

understood by those skilled in the art that reference to a substrate can also refer to 

only a portion of the substrate, unless the context clearly indicates otherwise.  

Additionally, reference to depositing on a substrate can mean both a bare substrate 30 

and a substrate with one or more films or features deposited or formed thereon 
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[0018] A "substrate" as used herein, refers to any substrate or material surface 

formed on a substrate upon which film processing is performed during a fabrication 

process.  For example, a substrate surface on which processing can be performed 

include materials such as silicon, silicon oxide, strained silicon, silicon on insulator 

(SOI), carbon doped silicon oxides, amorphous silicon, doped silicon, germanium, 5 

gallium arsenide, glass, sapphire, and any other materials such as metals, metal 

nitrides, metal alloys, and other conductive materials, depending on the application.  

Substrates include, without limitation, semiconductor wafers.  Substrates may be 

exposed to a pretreatment process to polish, etch, reduce, oxidize, hydroxylate, 

anneal, UV cure, e-beam cure and/or bake the substrate surface.  In addition to film 10 

processing directly on the surface of the substrate itself, in the present disclosure, any 

of the film processing steps disclosed may also be performed on an underlayer 

formed on the substrate as disclosed in more detail below, and the term "substrate 

surface" is intended to include such underlayer as the context indicates.  Thus, for 

example, where a film/layer or partial film/layer has been deposited onto a substrate 15 

surface, the exposed surface of the newly deposited film/layer becomes the substrate 

surface. 

[0019] The term "horizontal" as used herein is defined as a plane parallel to the plane 

or surface of a mask blank, regardless of its orientation. The term "vertical" refers to a 

direction perpendicular to the horizontal as just defined. Terms, such as "above", 20 

"below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower", "upper", "over", and 

"under", are defined with respect to the horizontal plane, as shown in the figures. 

[0020] The term "on" indicates that there is direct contact between elements. The 

term "directly on" indicates that there is direct contact between elements with no 

intervening elements. 25 

[0021] Those skilled in the art will understand that the use of ordinals such as "first" 

and "second" to describe process regions do not imply a specific location within the 

processing chamber, or order of exposure within the processing chamber.   

[0022] Embodiments of the disclosure pertain to a magnet design for a deposition 

system, for example a physical vapor deposition ("PVD") chamber comprising at least 30 

one cathode assembly, and in particular embodiments, a PVD chamber comprising 

multiple cathode assemblies (referred to herein as a "multi-cathode chamber).   
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[0023] FIG. 1 shows a prior art PVD system, in which a side view of a portion of a 

deposition system in the form of a PVD chamber 100 is shown. The deposition system 

in the form of a PVD chamber is shown as a multi-cathode PVD chamber 100 

including a plurality of cathode assemblies 102.  The multi-cathode PVD chamber 100 

is shown as including a multi-target PVD source configured to manufacture an MRAM 5 

(magnetoresistive random access memory) or a multi-target PVD source configured to 

manufacture an extreme ultraviolet (EUV) mask blank, for example a target 

comprising silicon and a target comprising molybdenum to form a multilayer stack 

reflective of EUV light. 

[0024] The multi-cathode PVD chamber comprises a chamber body 101, comprising 10 

an adapter (not shown) configured to hold a plurality of cathode assemblies 102 in 

place in a spaced apart relationship.  The multi-cathode PVD chamber 100 can 

include a plurality of cathode assemblies 102 for PVD and sputtering.  Each of the 

cathode assemblies 102 is connected to a power supply 112, including direct current 

(DC) and/or radio frequency (RF).   15 

[0025] The cross-sectional view depicts an example of a PVD chamber 100 including 

the chamber body 101 defining an inner volume 121, where a substrate or carrier is 

processed. The cathode assemblies 102 in the embodiment shown in FIG. 1 can be 

used for sputtering different materials as a material layer 103.  The cathode 

assemblies 102 exposed through shield holes 104 of an upper shield 106, which is 20 

disposed over the substrate or carrier 108 on a rotating pedestal 110.  The upper 

shield 106 is generally conical in shape.  There may generally be only one carrier 108 

over or on the rotating pedestal 110. 

[0026] The substrate or carrier 108 is shown as a structure having a semiconductor 

material used for fabrication of integrated circuits.  For example, the substrate or 25 

carrier 108 comprises a semiconductor structure including a wafer.  Alternatively, the 

substrate or carrier 108 can be another material, such as an ultra low expansion glass 

substrate used to form an EUV mask blank.  The substrate or carrier 108 can be any 

suitable shape such as round, square, rectangular or any other polygonal shape.   

[0027] The upper shield 106 is formed with the shield holes 104 so that the cathode 30 

assemblies 102 can be used to deposit the material layers 103 through the shield 
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holes 104.  A power supply 112 is applied to the cathode assemblies 102.  The power 

supply 112 can include a direct current (DC) or radio frequency (RF) power supply.   

[0028] The upper shield 106 is configured to expose one of the cathode assemblies 

102 at a time and protect other cathode assemblies 102 from cross-contamination.  

The cross-contamination is a physical movement or transfer of a deposition material 5 

from one of the cathode assemblies 102 to another of the cathode assemblies 102.  

The cathode assemblies 102 are positioned over targets 114.  A design of a chamber 

can be compact.  The targets 114 can be any suitable size.  For example, each of the 

targets 114 can be a diameter in a range of from about 4 inches to about 20 inches, or 

from about 4 inches to about 15 inches, or from about 4 inches to about 10 inches, or 10 

from about 4 inches to about 8 inches or from about 4 inches to about 6 inches.  

[0029] In FIG. 1, the substrate or carrier 108 is shown as being on the rotating 

pedestal 110, which can vertically move up and down.  Before the substrate or carrier 

108 moves out of the chamber, the substrate or carrier 108 can move below a lower 

shield 118.  A telescopic cover ring 120 abuts the lower shield 118.  Then, the rotating 15 

pedestal 110 can move down, and then the carrier 108 can be raised with a robotic 

arm before the carrier 108 moves out of the chamber. 

[0030] When the material layers 103 are sputtered, the materials sputtered from the 

targets 114 can be retained inside and not outside of the lower shield 118.  In this 

prior art embodiment, telescopic cover ring 120 includes a raised ring portion 122 that 20 

curves up and has a predefined thickness.  The telescopic cover ring 120 can also 

include a predefined gap 124 and a predefined length with respect to the lower shield 

118.  Thus, the materials that form material layers 103 will not be below the rotating 

pedestal 110 thereby eliminating contaminants from spreading to the substrate or 

carrier 108. 25 

[0031] FIG. 1 depicts individual shrouds 126.  The shrouds 126 can be designed 

such that a majority of the materials from the targets 114 that does not deposit on the 

carrier 108 is contained in the shrouds 126, hence making it easy to reclaim and 

conserve the materials.  This also enables one of the shrouds 126 for each of the 

targets 114 to be optimized for that target to enable better adhesion and reduced 30 

defects.   
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[0032] The shrouds 126 can be designed to minimize cross-talk or cross-target 

contamination between the cathode assemblies 102 and to maximize the materials 

captured for each of the cathode assemblies 102.  Therefore, the materials from each 

of the cathode assemblies 102 would just be individually captured by one of the 

shrouds 126 over which the cathode assemblies 102 are positioned.  The captured 5 

materials may not be deposited on the substrate or carrier 108.  For example, a first 

cathode assembly and a second cathode assembly can apply alternating layers of 

different materials in the formation of an extreme ultraviolet mask blank, for example, 

alternating layers of silicon deposited from a first target and cathode assembly 102 

and a molybdenum from a second target and cathode assembly 102. 10 

[0033] The substrate or carrier 108 can be coated with uniform material layer 103 

deposited on a surface of the substrate or carrier 108 using the deposition materials 

including a metal from the targets 114 over the shrouds 126.  Then, the shrouds 126 

can be taken through a recovery process.  The recovery process not only cleans the 

shrouds 126 but also recovers a residual amount of the deposition materials remained 15 

on or in the shrouds 126.  For example, there may be molybdenum on one of the 

shrouds 126 and then silicon on another of the shrouds 126.  Since molybdenum is 

more expensive than silicon, the shrouds 126 with molybdenum can be sent out for 

the recovery process.   

[0034] As shown in FIG. 1, the lower shield 118 is provided with a first bend resulting 20 

from small angle 130 and a second bend resulting from large angle 132, which result 

in a knee 119 in the lower shield 118.  This knee 119 provides an area in which 

particles can accumulate during deposition, and is thus a possible source for 

processing defects.   

[0035] PVD chambers and processes are utilized to manufacture extreme ultraviolet 25 

(EUV) mask blanks.  An EUV mask blank is an optically flat structure used for forming 

a reflective mask having a mask pattern. The reflective surface of the EUV mask blank 

forms a flat focal plane for reflecting the incident light, such as the extreme ultraviolet 

light.  An EUV mask blank comprises a substrate providing structural support to an 

extreme ultraviolet reflective element such as an EUV reticle. The substrate is made 30 

from a material having a low coefficient of thermal expansion (CTE) to provide stability 
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during temperature changes, for example, a material such as silicon, glass, oxides, 

ceramics, glass ceramics, or a combination thereof. 

[0036] Extreme ultraviolet (EUV) lithography, also known as soft x-ray projection 

lithography, can be used for the manufacture of 0.0135 micron and smaller minimum 

feature size semiconductor devices.  However, extreme ultraviolet light, which is 5 

generally in the 5 to 100 nanometer wavelength range, is strongly absorbed in virtually 

all materials. For that reason, extreme ultraviolet systems work by reflection rather 

than by transmission of light. Through the use of a series of mirrors, or lens elements, 

and a reflective element, or a mask blank, coated with a non-reflective absorber mask 

pattern, the patterned actinic light is reflected onto a resist-coated semiconductor 10 

substrate. 

[0037] The lens elements and mask blanks of extreme ultraviolet lithography systems 

are coated with reflective multilayer stack of coatings of alternating reflective layers of 

materials such as molybdenum and silicon. Reflection values of approximately 65% 

per lens element or mask blank have been obtained by using substrates that are 15 

coated with multilayer coatings that strongly reflect extreme ultraviolet light within an 

extremely narrow ultraviolet bandpass, for example, 12.5 to 14.5 nanometer bandpass 

for 13.5 nanometer ultraviolet light.  During the manufacture of EUV mask blanks and 

lens elements, minimization of defects such as defects from particle sources and high 

reflectivity of the reflective multilayer stack are generally desired.   20 

[0038] FIG. 2 depicts a PVD chamber 200 in accordance with a first embodiment of 

the disclosure.  PVD chamber 200 includes a plurality of cathode assemblies 202a 

and 202b.  While only two cathode assemblies 202a and 202b are shown in the side 

view of FIG. 2, a multicathode chamber can comprise more than two cathode 

assemblies, for example, five, six or more than six cathode assemblies.  An upper 25 

shield 206 is provided below the plurality of cathode assemblies 202a and 202b, the 

upper shield 206 having two shield holes 204a and 204b to expose targets 205a, 205b 

disposed at the bottom of the cathode assemblies 202a to the interior space 221 of 

the PVD chamber 200.  A middle shield 216 is provided below and adjacent upper 

shield 206, and a lower shield 218 is provided below and adjacent upper shield 206.   30 

[0039] A modular chamber body is disclosed in FIG. 2, in which an intermediate 

chamber body 225 is located above and adjacent a lower chamber body 227.  The 
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intermediate chamber body 225 is secured to the lower chamber body 227 to form the 

modular chamber body, which surrounds lower shield 218 and the middle shield.  A 

top adapter lid 273 (shown in FIG. 8) is disposed above intermediate chamber body 

225 to surround upper shield 206.   

[0040] PVD chamber 200 is also provided with a rotating pedestal 210 similar to 5 

rotating pedestal 110 in FIG. 1.  A person of ordinary skill will readily appreciate that 

other components of a PVD chamber, such as those referenced above in FIG. 1 but 

omitted in FIG. 2 for the sake of clarity, are provided in PVD chamber 200 according 

to one or more embodiments.   It will be appreciated that the upper shield 206 of the 

PVD chamber 200 of FIG. 2 is substantially flat, compared to the conical upper shield 10 

106 of FIG. 1.   

[0041]  Thus, a first aspect of the disclosure pertains to a PVD chamber 200, which 

comprises a plurality cathode assemblies including a first cathode assembly 202a 

including a first backing plate 210a configured to support a first target 205a during a 

sputtering process and a second cathode assembly 202b including a second backing 15 

plate 210b configured to support a second target 205b during a sputtering process.  

The PVD chamber further comprises an upper shield 206 below the plurality of 

cathode assemblies 202a, 202b having a first shield hole 204a having a diameter D1 

and positioned on the upper shield to expose the first cathode assembly 202a and a 

second shield hole 204b having a diameter D2 and positioned on the upper shield 206 20 

to expose the second cathode assembly 202b, the upper shield 206 having a 

substantially flat inside surface 203, except for a region 207 between the first shield 

hole 204a and the second shield hole 204b.   

[0042] The upper shield 206 includes a raised area 209 in the region 207 between the 

first shield hole and the second shield hole, the raised area 209 having a height "H" 25 

from the substantially flat inside surface 203 that greater than one centimeter from the 

flat inside surface 203 (best seen in FIG. 1) and having a length "L" greater than the 

diameter D1 of the first shield hole 204a and the diameter D2 of the second shield 

hole 204b, wherein the PVD chamber is configured to alternately sputter material from 

the first target 205a and the second target 205b without rotating the upper shield 206. 30 

[0043] In one or more embodiments, the raised area 209 has a height H so that during 

a sputtering process, the raised area height H is sufficient to prevents material 
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sputtered from the first target 205a from being deposited on the second target 205b 

and to prevent material sputtered from the second target 205b from being deposited 

on the first target 205a. 

[0044] According to one or more embodiments of the disclosure, the first cathode 

assembly 202a comprises a first magnet spaced apart from the first backing plate 5 

210a at a first distance d1 and the second cathode assembly 202b comprises a 

second magnet 220b spaced apart from the second backing plate 210b at a second 

distance d2, wherein the first magnet 220a and the second magnet 220b are movable 

such that the first distance d1 can be varied (as indicated by arrow 211a) and the 

second distance d2 can be varied (as indicated by arrow 211b.  The distance d1 and 10 

the distance d2 can be varied by linear actuator 213a to change the distance d1 and 

linear actuator 213b  to change the distance d2.  The linear actuator 213a and the 

linear actuator 213b can comprise any suitable device that can respectively effect 

linear motion of first magnet assembly 215a and second magnet assembly 215b.  First 

magnet assembly 215a includes rotational motor 217a, which can comprise a servo 15 

motor to rotate the first magnet 220a via shaft 219a coupled to rotational motor 217a.  

Second magnet assembly 215b includes rotational motor 217b, which can comprise a 

servo motor to rotate the second magnet 220b via shaft 219b coupled to rotational 

motor 217b.  It will be appreciated that the first magnet assembly 215a may include a 

plurality of magnets in addition to the first magnet 220a.  Similarly, the second magnet 20 

assembly 215b may include a plurality of magnets in addition to the second magnet 

220b. 

[0045] In one or more embodiments, wherein the first magnet 220a and second 

magnet 220b are configured to be moved to decrease the first distance d1 and the 

second distance d2 to increase magnetic field strength produced by the first magnet 25 

220a and the second magnet 220b and to increase the first distance d1 and the 

second distance d2 to decrease magnetic field strength produced by the first magnet 

220a and the second magnet 220b. 

[0046] In some embodiments, the first target 205a comprises a molybdenum target 

and the second target 205b comprises a silicon target, and the PVD chamber 200 30 

further comprises a third cathode assembly (not shown) including a third backing plate 

to support a third target 205c (see FIGS. 4A-C) and a fourth cathode assembly (not 
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shown) including a fourth backing plate configured to support a fourth target 205d (see 

FIGS. 4A-C).  The third cathode assembly and fourth cathode assembly according to 

one or more embodiments are configured in the same manner as the first and second 

cathode assemblies 202a, 202b as described herein.  In some embodiments, the third 

target 205c comprises a dummy target and the fourth target 205d comprises a dummy 5 

target.  As used herein, "dummy target" refers to a target that is not intended to be 

sputtered in the PVD apparatus 200. 

[0047] Referring now to FIGS. 4A-C, the first target 205a, the second target 205b, the 

third target 205c and the fourth target 205d are positioned with respect to each other 

and the first shield hole 204a and second shield hold 204b so that .  In the 10 

embodiment shown, first target (positioned under first cathode assembly 202a) is at 

position P1, the second target 205b (positioned under second cathode assembly 

202b) is at position P2.  In some embodiments, the raised area 209 is positioned 

between first shield hold 204a and second shield hole 204b.  In the embodiment 

shown, the first shield hole 204a and the second shield hole 204 b are positioned with 15 

respect to the first target 205a, the second target 205b, the third target 205c and the 

fourth target 205d to facilitate cleaning of the first target 205a and the second target 

205b. 

[0048] In use, the PVD chamber according to one or more embodiments operates as 

follows during a deposition process.  The first shield hole 204a is positioned to expose 20 

the first target, and the second shield hole 204b is positioned to expose the second 

target 205b.  The first target 205a and the second target 205b are comprised of 

different materials.  In a specific embodiment of the disclosure, the first target 205a 

comprises molybdenum and the second target 205b comprises silicon.  During a 

deposition process, material is alternately sputtered from the first target 205a and the 25 

second target 205b to form a multilayer stack of alternating materials layers where 

adjacent layers comprise different materials.  Deposition of the alternating layers of 

materials from the first target 205a and the second target 205b occurs without rotating 

the upper shield 206, which reduces generation of particulate compared to an 

apparatus with a single shield hole in which the upper shield must be rotated to 30 

accomplish alternate deposition of different materials to form a multilayer stack 

comprised of two different materials.  In one or more embodiments, the alternating 



Docket No.: 44016474SG01 PATENT 

13 

layers comprise silicon and molybdenum to form a multilayer stack that is reflective of 

EUV light.  FIG. 4A depicts the position of the first target 205a in position P1 and 

target 205b at position P2.  In some embodiments, the upper shield comprises a 

raised area 209 in the region 207 between the first shield hold 204a and the second 

shield hole 204b.    5 

[0049] In the embodiment shown, the upper shield 206 is circular, and the center of 

the first shield hole 204a at the first position P1, and the second position P2 where the 

center of the second shield hole 204b is located is 150 degrees in a counterclockwise 

direction indicated by arrow 261 from the center of the first shield hole 204a.  

Likewise, the center of target 205a and the center 205b at positions P1 and P2, which 10 

are 150 degrees apart from each other.  In FIG. 4A third target 205c  and fourth target 

205d are dummy targets, which are covered by the flat surface of the upper shield 206 

and shown with their outlines as dotted lines. 

[0050] FIG. 4B shows the position of the first shield hold 204a as positioned over 

second target 205b and the second shield hold 204b as positioned over fourth target 15 

205d, which is a dummy target.  The shield holes 204a and 204b have been rotated 

counterclockwise 150 degrees from the deposition position of FIG. 4A.    The position 

of the first shield hole at position P4 is over the fourth target 205d, the center of which 

is located 300 degrees counterclockwise from the center of the first target 205a.  The 

second shield hole 204b is now located over the second target 205b, the center of 20 

which is located 150 degrees counterclockwise from the center of the first target 205a. 

It will be understood by a person of ordinary skill in the art that the positions of the 

individual targets are fixed with respect to their respective cathode assemblies, while 

the upper shield 206 is rotated over the targets.  FIG. 4B is a cleaning position, in 

which the second target 205b can be cleaned using a plasma.  An advantage of 25 

cleaning in the manner shows in FIG. 4B where the second shield hole 204b is 

positioned to expose a dummy target (fourth target 205d) while the first shield hole 

exposes the second target 205b is that cleaning of the second target can be 

conducted while the first target 205a is covered (as indicated by the dashed line), and 

the first target 205a will not be contaminated by the cleaning process which removes 30 

contaminants from the second target, which is a different material from the first target.  

In addition, the fourth target 205d, which is a dummy target prevents the material 
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which has been cleaned from the second target 205b from travelling through an open 

shield hole (the second shield hole 204b) and contaminating the chamber, namely the 

top adapter lid 273. 

[0051] FIG. 4C shows the position of the shield holes 204a and 204b after rotation 

counterclockwise 60 degrees, as indicated by arrow 260 in FIG. 4B.  In this position, 5 

the second shield hole, which has now been rotated 210 degrees from the deposition 

position shown in FIG. 4A is now positioned over the first target 205a at position P1, 

and the first shield hole 204a is now positioned over the third target 205c, which is a 

dummy target.  The second target 205b and the fourth target 205d, both shown as 

dashed lines, are now covered by the upper shield.  In the position shown in FIG. 4C, 10 

the first target 205a is exposed through the second shield hole 204b and the third 

target 205c is exposed by the first shield hole 204a.  The first target 205a can be 

cleaned in a cleaning process with a plasma 

[0052] Summarizing FIGS. 4A-C, by spacing electrode assemblies and the associated 

targets at the periphery of a multicathode chamber in the manner shown and using a 15 

rotatable upper shield comprising two shield holes spaced from each other at the 

periphery of the upper shield as shown, the first target 205a and the second target 

205b can be cleaned using a plasma process in a PVD chamber.  In one or more 

embodiments, when the third target 205c and the fourth target 205d are dummy 

targets that are not intended to be sputtered as part of deposition process, the dummy 20 

targets prevent contamination of the chamber during cleaning of the first target 205a 

and the second target 205b.  In some embodiments, the dummy targets comprise a 

side and front surface (the surface facing the PVD chamber and substrate in the PVD 

chamber) are textured to ensure no particle generation after large amount of 

deposition of material which has been cleaned from the first target 205a and the 25 

second target 205b.  In some embodiments, the textured surface is provided by arc 

spraying.  

[0053] In the specific embodiment shown, the upper shield 206 is circular, and two 

shield holes are spaced at the outer periphery of the upper shield 206 at the shield 

hole centers so that when the upper shield 206 is rotated with respect to the PVD 30 

chamber 200, the shield holes expose two targets (either deposition targets such as 

first target 205a and the second target 205b).  The first shield hold 204a and the 
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second shield hole are spaced apart by their centers by 150 degrees on the outer 

periphery of the upper shield 206, and indicated by arrow 261 in FIG. 4A. 

[0054] In the embodiment shown, at least four cathode assemblies and targets below 

the cathode assemblies are spaced around the outer periphery of the of PVD chamber 

top adapter lid 273 so that when the upper shield 206 is rotated, two different targets 5 

are exposed each time the upper shield is rotated.  In FIGS. 4A-C, the center of 

second target 205b, which is circular, is 150 degrees in a counterclockwise direction 

from the center of the first target 205a, which is also circular. Additionally, the center 

of third target 205c, which is circular and a dummy target is 210 degrees in a 

counterclockwise direction from the center of the first target 205a, and the center of 10 

fourth target 205d, which is circular  and a dummy target is 300 degrees in a 

counterclockwise direction from the first target.  By arranging the targets in this 

manner on the top adapter lid 273 and  the upper shield 206 having the centers of the 

shield holes 204a and 204b spaced apart by 250 degrees, but rotating the upper 

shield 206, the first  and second targets 205a, 205b can both be exposed during a 15 

deposition process, and then during a cleaning process the second target 205b and a 

dummy target can be exposed to clean the second target and the first target 205a and 

another dummy target can be exposed to clean the first target 205a while the other 

deposition target is not subject to contamination from cleaning of the target.  

[0055] Stated another way, in one or more embodiments, the third target 205c and the 20 

fourth target 205d are positioned with respect to the first target 205a and second 

target 205b so that when the upper shield 206 is in a first position, the first target 205a 

is exposed through the first shield hole 204a and the second target 205b is exposed 

through the second shield hole 204b, and the third target 205c and fourth target 205d 

are covered by the upper shield 206.  When the upper shield 206 is rotated to a 25 

second position, the fourth target 205d is exposed through the second shield hole 

204b and the second target 205b is exposed through the first shield hole 204a.   In 

some embodiments, when the upper shield 206 is rotated to a third position, the first 

target 205 is exposed through the second shield hole 204b and the fourth target 205d 

is exposed through the first shield hole 204a. 30 

[0056] In another embodiment, a physical vapor deposition (PVD) chamber 200 

comprises a plurality cathode assemblies including a first cathode assembly 202a 
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including a first backing plate 210a supporting a first target 205a comprising 

molybdenum and a second cathode assembly 202b including a second backing plate 

210b supporting a second target 205b comprising silicon, a third cathode assembly 

including a third backing plate supporting a third target 205c comprising a dummy 

material, and a fourth cathode assembly including a fourth backing plate supporting a 5 

fourth target 205d comprising a dummy material.  In this embodiment, an upper shield 

206 is below the plurality of cathode assemblies having a first shield hole 204a having 

a diameter D and positioned on the upper shield to expose the first target 205a and a 

second shield hole 204b having a diameter D and positioned on the upper shield to 

expose the second target 205, the upper shield 206 having a flat surface 203 between 10 

the first shield hole 204a and the second shield hole 204b and configured to permit 

molybdenum and silicon material to be alternately sputtered from the first target 205a 

and the second target 205b respectively without rotating the upper shield 206.  In this 

embodiment, the upper shield 206 includes a raised area 207 between the two of the 

shield holes having a height H greater than one centimeter and having a length 15 

greater than the diameter D of the first shield hole 204a and the second shield hole 

204b, wherein the upper shield 206 is rotatable to allow one of the first shield hole 

204a and the second shield hole 204b to expose the first target 205a and one of third 

target 205c and the fourth target 205d.  

[0057] In some embodiments, each of the first cathode assembly, the second cathode 20 

assembly, third cathode assembly and fourth cathode assembly comprise a magnet 

spaced apart from the first backing plate at a first distance, the second backing plate 

at a second distance, the third backing plate at a third distance and the fourth backing 

plate at a fourth distance, each of the magnets being movable to increase or decrease 

each of the first distance, the second distance, third distance or fourth distance. 25 

Decreasing the first distance, the second distance, the third distance or the fourth 

distance increases magnetic field strength produced by the magnet.  Increasing the 

first distance, the second distance, the third distance or the fourth distance decreases 

magnetic field strength produced by the magnet.  

[0058] Plasma sputtering may be accomplished using either DC sputtering or RF 30 

sputtering in the PVD chamber 200.  In some embodiments, the process chamber 

includes a feed structure for coupling RF and DC energy to the targets associated with 
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each cathode assembly.  For cathode assembly 202a, a first end of the feed structure 

can be coupled to an RF power source 248a and a DC power source 250a, which can 

be respectively utilized to provide RF and DC energy to the target 205a. The RF 

power source 248a is coupled to RF power in 249a and the DC power source 250a is 

coupled to DC power in 251a.  For example, the DC power source 250a may be 5 

utilized to apply a negative voltage, or bias, to the target 305a. In some embodiments, 

RF energy supplied by the RF power source 248a may range in frequency from about 

2 MHz to about 60 MHz, or, for example, non-limiting frequencies such as 2 MHz, 

13.56 MHz, 27.12 MHz, 40.68 MHz or 60 MHz can be used. In some embodiments, a 

plurality of RF power sources may be provided (i.e., two or more) to provide RF 10 

energy in a plurality of the above frequencies.   

[0059] Likewise, for cathode assembly 202b, a first end of the feed structure can be 

coupled to an RF power source 248b and a DC power source 250b, which can be 

respectively utilized to provide RF and DC energy to the target 205b. The RF power 

source 248b is coupled to RF power in 249a and the DC power source 250b is 15 

coupled to DC power in 251b.  For example, the DC power source 250b may be 

utilized to apply a negative voltage, or bias, to the target 305b. In some embodiments, 

RF energy supplied by the RF power source 248b may range in frequency from about 

2 MHz to about 60 MHz, or, for example, non-limiting frequencies such as 2 MHz, 

13.56 MHz, 27.12 MHz, 40.68 MHz or 60 MHz can be used. In some embodiments, a 20 

plurality of RF power sources may be provided (i.e., two or more) to provide RF 

energy in a plurality of the above frequencies.   

[0060] While the embodiment shown includes separate RF power sources 248a and 

248b for cathode assemblies 202a and 202b, and separate DC power sources 250a 

and 250b for cathode assemblies 202a and 202b, the PVD chamber can comprise a 25 

single RF power source and a single DC power source with feeds to each of the 

cathode assemblies.   

[0061] Another aspect of the disclosure pertains to a method of depositing alternating 

material layers in a physical vapor deposition (PVD) chamber.  In one embodiment, 

the method comprises placing a substrate 270 in the PVD chamber 200 comprising a 30 

plurality cathode assemblies including a first cathode assembly 202a including a first 

target 205a comprising a first material and a second cathode assembly 202b including 
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a second target 205b comprising a second material different from the first material.  

The method further comprises disposing an upper shield 206 below the plurality of 

cathode assemblies, the upper shield having a first shield hole 204a having a 

diameter D1 and positioned on the upper shield 206 to expose the first target 205a 

and a second shield hole 204b having a diameter D2 and positioned on the upper 5 

shield 206 to expose the second target 205b, the upper shield 206 further comprising 

a flat surface 203 between the first shield hole 204a and the second shield hole 204b 

and a raised area 209 in a region 207 between the two of the shield holes 204a, 204b 

having a length L at least equal to the diameter D1 of the first shield hole and the 

second shield hole D2.  In some embodiments, the raised area 207 has a height H 10 

greater than one centimeter. The method further comprises alternately sputtering 

material from the first target 204a and the second target 204b without rotating the 

upper shield 206, wherein the raised area prevents the first material from 

contaminating the second target and prevents the second material from contaminating 

the first target. 15 

[0062] In some embodiments of the method, the PVD chamber further comprises a 

third target 205c comprising dummy material and a fourth target 205d comprising 

dummy material and wherein third target 205c and the fourth target 205d are 

positioned with respect to the first target 205a and second target 205b so that when 

the upper shield 206 is in a first position, the first target 205a is exposed through the 20 

first shield hole 204a and the second target 205b is exposed through the second 

shield hole204b , and the third target 205c and fourth target 205d are covered by the 

upper shield 206 during depositing alternating material layers from the first target 205a 

and the second target 205b.  

[0063] In some embodiments of the method, the method further comprises cleaning 25 

first material deposited on the second target 205b by applying a magnetic field to the 

second target that is greater than a magnetic field applied during depositing 

alternating material layers.  In some embodiments, the method further comprises 

comprising cleaning second material deposited on the first target 205a by applying a 

magnetic field to the  first target that 205a is greater than a magnetic field applied 30 

during depositing alternating material layers. 
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[0064] In some embodiments, the method further comprises rotating the upper shield 

206 from the first position to a second position prior to cleaning the first material from 

the second target 205b, the fourth target 205d is exposed through the second shield 

hole 204b and the second target 205b is exposed through the first shield hole 204a.  

In one or more embodiments, the method comprises rotating the upper shield 206 5 

from the second position to a third position so that the first target 205a is exposed 

through the second shield hole 204b and the fourth target 205d is exposed through 

the first shield hole 204a.  In specific embodiments of the method, the substrate 270 

comprises an extreme ultraviolet (EUV) mask blank.  In specific embodiments of the 

method the first target material comprises molybdenum and the second target material 10 

comprises silicon. In some embodiments, the method further comprises depositing 

multiple alternating materials layers comprising a first layer comprising molybdenum 

and a second layer comprising silicon.   

[0065] A benefit of the upper shield with the first shield hole 204a and the second 

shield hole arranged in the upper shield according to embodiments described herein 15 

include the ability to deposit alternating layers of different materials without rotating 

the upper shield.   In some embodiments, after completion of a process of depositing 

a multilayer stack on a substrate, the upper shield can be rotated as described above 

to conduct a cleaning operation in which one of the shield holes is positioned over a 

dummy target. 20 

[0066] In some embodiments, the methods described are conducted in the PVD 

chamber 200 by using a controller 290.  There may be a single controller or multiple 

controllers. When there is more than one controller, each of the controllers is in 

communication with each of the other controllers to control of the overall functions of 

the PVD chamber 200.  For example, when multiple controllers are utilized, a primary 25 

control processor is coupled to and in communication with each of the other 

controllers to control the system.  The controller is one of any form of general-purpose 

computer processor, microcontroller, microprocessor, etc., that can be used in an 

industrial setting for controlling various chambers and sub-processors.  As used 

herein, "in communication" means that the controller can send and receive signals via 30 

a hard-wired communication line or wirelessly.  
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[0067] Each controller can comprise processor 292, a memory 294 coupled to the 

processor, input/output devices coupled to the processor 292, and support circuits 296 

and 298 to provide communication between the different electronic components.  The 

memory includes one or more of transitory memory (e.g., random access memory) 

and non-transitory memory (e.g., storage) and the memory of the processor may be 5 

one or more of readily available memory such as random access memory (RAM), 

read-only memory (ROM), floppy disk, hard disk, or any other form of digital storage, 

local or remote.  The memory can retain an instruction set that is operable by the 

processor to control parameters and components of the system.  The support circuits 

are coupled to the processor for supporting the processor in a conventional manner.  10 

Circuits may include, for example, cache, power supplies, clock circuits, input/output 

circuitry, subsystems, and the like. 

[0068] Processes may generally be stored in the memory as a software routine that, 

when executed by the processor, causes the process chamber to perform processes 

of the present disclosure.  The software routine may also be stored and/or executed 15 

by a second processor that is remotely located from the hardware being controlled by 

the processor.  In one or more embodiments, some or all of the methods of the 

present disclosure are controlled hardware.  As such, in some embodiments, the 

processes are implemented by software and executed using a computer system, in 

hardware as, e.g., an application specific integrated circuit or other type of hardware 20 

implementation, or as a combination of software and hardware.  The software routine, 

when executed by the processor, transforms the general purpose computer into a 

specific purpose computer (controller) that controls the chamber operation such that 

the processes are performed. 

[0069] In some embodiments, the controller has one or more configurations to 25 

execute individual processes or sub-processes to perform the method.  In some 

embodiments, the controller is connected to and configured to operate intermediate 

components to perform the functions of the methods.   

[0070] The PVD chambers 200 and methods described herein may be particularly 

useful in the manufacture of extreme ultraviolet (EUV) mask blanks.   An EUV mask 30 

blank is an optically flat structure used for forming a reflective mask having a mask 

pattern. In one or more embodiments, the reflective surface of the EUV mask blank 
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forms a flat focal plane for reflecting the incident light, such as the extreme ultraviolet 

light.  An EUV mask blank comprises a substrate providing structural support to an 

extreme ultraviolet reflective element such as an EUV reticle. In one or more 

embodiments, the substrate is made from a material having a low coefficient of 

thermal expansion (CTE) to provide stability during temperature changes. The 5 

substrate according to one or more embodiments is formed from a material such as 

silicon, glass, oxides, ceramics, glass ceramics, or a combination thereof. 

[0071] An EUV mask blank includes a multilayer stack, which is a structure that is 

reflective to extreme ultraviolet light. The multilayer stack includes alternating 

reflective layers of a first reflective layer and a second reflective layer.  The first 10 

reflective layer and the second reflective layer form a reflective pair.  In a non-limiting 

embodiment, the multilayer stack includes a range of 20-60 of the reflective pairs for a 

total of up to 120 reflective layers.   

[0072] The first reflective layer and the second reflective layer can be formed from a 

variety of materials. In an embodiment, the first reflective layer and the second 15 

reflective layer are formed from silicon and molybdenum, respectively. The multilayer 

stack forms a reflective structure by having alternating thin layers of materials with 

different optical properties to create a Bragg reflector or mirror.  The alternating layer 

of, for example, molybdenum and silicon are formed by physical vapor deposition, for 

example, in a multi-cathode source chamber as described herein.  In one or more 20 

embodiments, the chambers and the methods described herein can be used to 

deposit a multilayer stack of 20-60 reflective pairs of molybdenum and silicon.  The 

unique structure of the upper shield with two shield holes enables deposition of a 

multilayer stack with fewer defects.   The multicathode arrangement with the targets 

including the dummy targets as arranged in the embodiments described herein 25 

facilitates cleaning of the molybdenum and silicon targets.  

[0073] The PVD chambers 200 described herein are utilized to form the multilayer 

stack, as well as capping layers and absorber layers. For example, the physical vapor 

deposition systems can form layers of silicon, molybdenum, titanium oxide, titanium 

dioxide, ruthenium oxide, niobium oxide, ruthenium tungsten, ruthenium molybdenum, 30 

ruthenium niobium, chromium, tantalum, nitrides, compounds, or a combination 

thereof. Although some compounds are described as an oxide, it is understood that 
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the compounds can include oxides, dioxides, atomic mixtures having oxygen atoms, 

or a combination thereof. 

[0074] Reference throughout this specification to "one embodiment," "certain 

embodiments," "one or more embodiments" or "an embodiment" means that a 

particular feature, structure, material, or characteristic described in connection with the 5 

embodiment is included in at least one embodiment of the disclosure.  Thus, the 

appearances of the phrases such as "in one or more embodiments," "in certain 

embodiments," "in one embodiment" or "in an embodiment" in various places 

throughout this specification are not necessarily referring to the same embodiment of 

the disclosure. Furthermore, particular features, structures, materials, or 10 

characteristics may be combined in any suitable manner in one or more embodiments.   

[0075] Although the disclosure herein has been described with reference to particular 

embodiments, it is to be understood that these embodiments are merely illustrative of 

the principles and applications of the present disclosure.  It will be apparent to those 

skilled in the art that various modifications and variations can be made to the method 15 

and apparatus of the present disclosure without departing from the spirit and scope of 

the disclosure.  Thus, it is intended that the present disclosure include modifications 

and variations that are within the scope of the appended claims and their equivalents. 



 a plurality of cathode assemblies including a first cathode assembly including a first backing plate to 

support a first target during a sputtering process and a second cathode assembly including a second 

backing plate configured to support a second target during a sputtering process; 

 an upper shield below the plurality of cathode assemblies having a first shield hole having a diameter 

and positioned on the upper shield to expose the first cathode assembly and a second shield hole having 

a diameter and positioned on the upper shield to expose the second cathode assembly, the upper shield 

having a flat inside surface, except for a region between the first shield hole and the second shield hole; 

and 

 a raised area in the region between the first shield hole and the second shield hole, the raised area 

having a height greater than one centimeter from the flat inside surface and having a length greater than 

the diameter of the first shield hole and the diameter of the second shield hole, wherein the PVD chamber 

is configured to alternately sputter material from the first target and the second target without rotating 

the upper shield, 

wherein the first cathode assembly comprises a first magnet spaced apart from the first backing 

plate at a first distance and the second cathode assembly comprises a second magnet spaced 

apart from the second backing plate at a second distance, wherein the first magnet and the 

second magnet are movable such that the first distance can be varied and the second distance 

can be varied, wherein the first target comprises a molybdenum target and the second target 

comprises a silicon target, the PVD chamber further comprising a third cathode assembly 

including a third backing plate to support a third target during a sputtering process and a fourth 

cathode assembly including a fourth backing plate configured to support a fourth target, and 

wherein the third target comprises a dummy target and the fourth target comprises a dummy 

target. 





 a raised area in the region between the first shield hole and the second shield hole, the raised area 

having a height greater than one centimeter and having a length greater than the diameter of the first 

shield hole and the second shield hole, wherein the upper shield is rotatable to allow one of the first 

shield hole and the second shield hole to expose the first target and one of third target and the fourth 

target. 




