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(57) ABSTRACT 

A bulk acoustic wave resonator includes: a substrate; a lower 
electrode disposed on the substrate; a piezoelectric layer at 
least partially disposed on the lower electrode; and an upper 
electrode disposed on the piezoelectric layer, wherein either 
one or both of the lower electrode and the upper electrode 
includes a layer of aluminum alloy including scandium (Sc). 
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BULK ACOUSTIC WAVE RESONATOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

10001] This application claims the benefit under 335 U.S. 
C. § 119(a) of Korean Patent Application Nos. 10-2017-
0104419 and 10-2018-0019390 filed on Aug. 17, 2017 and 
Feb. 19, 2018, respectively, in the Korean Intellectual Prop-
erty Office, the entire disclosures of which are incorporated 
herein by reference for all purposes. 

BACKGROUND 

1. Field 

10002] The following description relates to a bulk acoustic 
wave resonator. 

2. Description of Related Art 

10003] Recently, interest in 5G communications technol-
ogy has increased and technical developments, which may 
be implemented in candidate bands of 5G communications, 
have been performed. 
10004] A frequency band which may be implemented by a 
film bulk acoustic resonator (FBAR) is about 6 GHz or less. 
In the case of a film bulk acoustic resonator operating in a 
frequency band of 2 to 3 GHz, a suitable thickness of an
electrode and a suitable thickness of a piezoelectric layer 
may be easily implemented. However, in the case of a film 
bulk acoustic resonator operating in a frequency band of 5 
GHz, considerable manufacturing difficulties and deteriora-
tions in performance may occur. 
10005] In particular, in the case of the film bulk acoustic 
resonator operating in the frequency band of 5 GHz, an 
ultra-thin film electrode needs to be implemented and the 
piezoelectric layer also needs to be thin. However, when an 
electrode material having a high degree of high acoustic 
impedance such as molybdenum (Mo) is used, electrical loss 
may be expected to increase as the thickness of the electrode 
decreases and electrical loss in the resonator and a filter 
device including the resonator may therefore be expected to 
increase. 
10006] However, when an electrode material having low 
acoustic impedance such as aluminum (Al) is used, since a 
mechanical property of aluminum (Al) is poor, mechanical 
dynamic loss is expected to be large and crystal orientation 
is deteriorated when the piezoelectric layer is formed. 
10007] That is, when the electrode material having high 
acoustic impedance such as molybdenum (Mo) is used, a 
thickness of each of an upper electrode and a lower electrode 
may be 1000 A and a thickness of the piezoelectric layer 
may be 3000 A, such that the operating frequency of 5 GHz 
may be implemented. However, when the electrode material 
having low acoustic impedance such as aluminum (Al) is 
used, even if the thickness of each of the upper electrode and 
the lower electrode is 2000 A and the thickness of the 
piezoelectric layer is 4000 A, the frequency of 5 GHz may 
be implemented. 
10008] However, in the case in which the upper electrode 
and the lower electrode are formed of aluminum (Al) only, 
mechanical properties may be deteriorated, while crystal 
orientation of the piezoelectric layer and performance of the 
resonator may be deteriorated due to an occurrence of a 
hillock by electromigration or mechanical deformation. 
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SUMMARY 

10009] 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. 
10010] In one general aspect, a bulk acoustic wave reso-
nator includes: a substrate; a lower electrode disposed on the 
substrate; a piezoelectric layer disposed on the lower elec-
trode; and an upper electrode disposed on the piezoelectric 
layer, wherein either one or both of the lower electrode and 
the upper electrode includes a layer of aluminum alloy 
including scandium (Sc). 
10011] Both of the lower electrode and the upper electrode 
may include the layer of aluminum alloy including scandium 
(Sc). 
10012] The upper electrode may further include a layer 
formed of any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr), 
or an alloy including any one of molybdenum (Mo), ruthe-
nium (Ru), tungsten (W), iridium (Ir), platinum (Pt), copper 
(Cu), titanium (Ti), tantalum (Ta), nickel (Ni), and chro-
mium (Cr). 
10013] The lower electrode may further include a layer 
formed of any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr), 
or an alloy including any one of molybdenum (Mo), ruthe-
nium (Ru), tungsten (W), iridium (Ir), platinum (Pt), copper 
(Cu), titanium (Ti), tantalum (Ta), nickel (Ni), and chro-
mium (Cr). 
10014] Only the lower electrode may include the layer of 
aluminum alloy including scandium (Sc), and the upper 
electrode may include a layer formed of any one of molyb-
denum (Mo), ruthenium (Ru), tungsten (W), iridium (Ir), 
platinum (Pt), copper (Cu), titanium (Ti), tantalum (Ta), 
nickel (Ni), and chromium (Cr), or an alloy including any 
one of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr). 
10015] The lower electrode may further include a layer 
formed of any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr), 
or an alloy including any one of molybdenum (Mo), ruthe-
nium (Ru), tungsten (W), iridium (Ir), platinum (Pt), copper 
(Cu), titanium (Ti), tantalum (Ta), nickel (Ni), and chro-
mium (Cr). 
10016] Only the upper electrode may include the layer of 
aluminum alloy including scandium (Sc), and the lower 
electrode may include a layer formed of any one of molyb-
denum (Mo), ruthenium (Ru), tungsten (W), iridium (Ir), 
platinum (Pt), copper (Cu), titanium (Ti), tantalum (Ta), 
nickel (Ni), and chromium (Cr), or an alloy including any 
one of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr). 
10017] The upper electrode may further include a layer 
formed of any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr), 
or an alloy including any one of molybdenum (Mo), ruthe-
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ilium (Ru), tungsten (W), iridium (Ir), platinum (Pt), copper 
(Cu), titanium (Ti), tantalum (Ta), nickel (Ni), and chro-
mium (Cr). 
10018] A content of scandium (Sc) may be 0.1 to 5 at %. 
10019] The piezoelectric layer may include either one of 
aluminum nitride and doped aluminum nitride containing a 
rare earth metal. 
10020] The piezoelectric layer may include the doped 
aluminum nitride containing the rare earth metal, the doped 
aluminum nitride may include a dopant selected from the 
group including scandium, erbium, yttrium, lanthanum, and 
a metal including a combination of any two or more of 
scandium, erbium, yttrium, and lanthanum, and a content of 
the dopant may be 0.1 to 30 at %. 
10021] The bulk acoustic wave resonator may further 
include an etch stop portion disposed between the substrate 
and the lower electrode and disposed around a cavity. 
10022] The bulk acoustic wave resonator may further 
include an insertion layer disposed below a region of a 
portion of the piezoelectric layer. 
10023] A cavity may be formed in the substrate or on the 
substrate. 
10024] The upper electrode may include a frame portion 
disposed at an edge of an active area. 
10025] The bulk acoustic wave resonator may further 
include a reflective layer embedded in a groove in the 
substrate, or stacked on the substrate. 
10026] The reflective layer may include a first reflective 
member and a second reflective member disposed on the 
first reflective member, and the first and second reflective 
members may be formed as a pair or formed as a plurality 
of pairs in which the first and second reflective members are 
alternately disposed. 
10027] In another general aspect, a bulk acoustic wave 
resonator includes: a lower electrode disposed on a piezo-
electric layer; and an upper electrode disposed on the 
piezoelectric layer, wherein either one or both of the lower 
electrode and the upper electrode is formed of a material 
having a lower acoustic impedance than molybdenum (Mo) 
and a mechanical strength greater than 35 MPa. 
10028] The material may have a higher chemical resis-
tance than aluminum (Al). 
10029] The material may have a greater galvanic corrosion 
resistance than aluminum as determined in electrolytic solu-
tion in contact with gold. 
10030] The material may be a binary alloy. 
10031] The piezoelectric layer may consist essentially of 
crystals oriented <1.730 (0002) full width at half maximum 
(FWHM). 
10032] The material may consist essentially of crystals 
oriented <1.13° (111) full width at half maximum (FWHM). 
10033] The material may be formed of an aluminum alloy 
including scandium (Sc). 
10034] In another general aspect, a bulk acoustic wave 
resonator includes: a lower electrode including a first lower 
electrode layer disposed on a substrate, and a second lower 
electrode layer disposed on top of the first lower electrode 
layer; a piezoelectric layer disposed on top of the lower 
electrode; and an upper electrode disposed on top of the 
piezoelectric layer, wherein one of the first and second lower 
electrode layers is formed of an aluminum alloy including 
scandium (Sc), and the other of the first and second lower 
electrode layers is formed of a material other than the 
aluminum alloy including scandium (Sc). 
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10035] A content of the scandium (Sc) in the aluminum 
alloy may be 0.1 to 5 at %. 
10036] The upper electrode may be formed of molybde-
num (Mo). 
10037] The upper electrode may be formed of the alumi-
num alloy including scandium (Sc). 
10038] Other features and aspects will be apparent from 
the following detailed description, the drawings, and the 
claims. 

BRIEF DESCRIPTION OF DRAWINGS 

10039] The patent or application file contains a least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the 
necessary fee. 
10040] FIG. 1 is a plan view illustrating a bulk acoustic 
wave resonator, according to an embodiment. 
10041] FIG. 2 is a cross-sectional view taken along a line 
I-I' of FIG. 1. 
10042] FIG. 3 is a cross-sectional view taken along a line 
Il-Il' of FIG. 1. 
10043] FIG. 4 is a cross-sectional view taken along a line 
Ill-Ill' FIG. 1. 
10044] FIG. S is a graph illustrating a rate of change in 
sheet resistance of an aluminum alloy including pure alu-
minum and scandium. 
10045] FIG. 6 is a photograph illustrating surface defects 
of pure aluminum. 
10046] FIG. 7 is a photograph illustrating surface defects 
of a scandium-containing aluminum alloy (0.625 at %). 
10047] FIG. 8 is a photograph illustrating surface defects 
of a scandium-containing aluminum alloy (6.25 at %). 
10048] FIG. 9 is a photograph illustrating surface rough-
ness of pure aluminum by an atomic force microscopy. 
10049] FIG. 10 is a photograph illustrating surface rough-
ness of a scandium-containing aluminum alloy (0.625 at %) 
by an atomic force microscopy. 
10050] FIG. 11 is a photograph illustrating surface rough-
ness of a scandium-containing aluminum alloy (6.25 at %) 
by an atomic force microscopy. 
10051] FIG. 12 is a photograph illustrating surface defects 
of a piezoelectric layer formed on pure aluminum. 
10052] FIG. 13 is a photograph illustrating surface defects 
of a piezoelectric layer formed on a scandium-containing 
aluminum alloy (6.25 at %). 
10053] FIG. 14 is a photograph illustrating surface defects 
of a piezoelectric layer formed on a scandium-containing 
aluminum alloy (0.625 at %). 
10054] FIG. 15 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10055] FIG. 16 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10056] FIG. 17 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10057] FIG. 18 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10058] FIG. 19 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
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10059] FIG. 20 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10060] FIG. 21 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10061] FIG. 22 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10062] FIG. 23 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10063] FIG. 24 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10064] FIG. 25 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10065] FIG. 26 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10066] FIG. 27 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10067] FIG. 28 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10068] FIG. 29 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10069] FIG. 30 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10070] FIG. 31 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10071] FIG. 32 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator, according to another 
embodiment. 
10072] Throughout the drawings and the detailed descrip-
tion, the same reference numerals refer to the same ele-
ments. 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 conve-
nience. 

DETAILED DESCRIPTION 

10073] 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 in the art may be 
omitted for increased clarity and conciseness. 
10074] 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 
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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. 

10075] 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. 

10076] As used herein, the term "and/or" includes any one 
and any combination of any two or more of the associated 
listed items. 

10077] 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 distin-
guish 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. 

10078] 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 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. 

10079] 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, ele-
ments, and/or combinations thereof 

10080] Due to manufacturing techniques and/or toler-
ances, 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. 

10081] 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 in which 
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such a feature is included or implemented while all 
examples and embodiments are not limited thereto. 
10082] 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. 
10083] FIG. 1 is a plan view illustrating a bulk acoustic 
wave resonator 100, according to an embodiment. FIG. 2 is 
a cross-sectional view taken along a line I-I' of FIG. 1. FIG. 
3 is a cross-sectional view taken along a line Il-Il' of FIG. 
1. FIG. 4 is a cross-sectional view taken along a line Ill-Ill' 
FIG. 1. 
10084] Referring to FIGS. 1 through 4, the bulk acoustic 
wave resonator 100 may include a substrate 110, a sacrificial 
layer 120, an etch stop portion 130, a membrane layer 140, 
a lower electrode 150, a piezoelectric layer 160, an upper 
electrode 170, an insertion layer 180, a passivation layer 
190, and a metal pad 195. 
10085] Referring to FIGS. 2 through 4, the substrate 110 
may be a silicon substrate. For example, a silicon wafer or 
a silicon on insulator (501) type substrate may be used as the 
substrate 110. 

10086] An insulating layer 112 may be formed on an upper 
surface of the substrate 110 and may electrically isolate the 
substrate 110 from components disposed on the substrate 
110. In addition, the insulating layer 112 may prevent the 
substrate 110 from being etched by etching gas when a 
cavity C is formed during a manufacturing process. 

10087] In this case, the insulating layer 112 may be formed 
of any one or any combination of any two or more of silicon 
dioxide (5i02), silicon nitride (Si3N4), aluminum oxide 
(A120 2), and aluminum nitride (A1N). The insulating layer 
112 may be formed by any one of a chemical vapor 
deposition process, an RF magnetron sputtering process, and 
an evaporation process. 

10088] The sacrificial layer 120 may be formed on the 
insulating layer 112, and the cavity C and the etch stop 
portion 130 may be disposed inside the sacrificial layer 120. 
The cavity C may be formed by removing a portion of the 
sacrificial layer 120 during the manufacturing process. As 
such, since the cavity C is formed inside the sacrificial layer 
120, the lower electrode 150 or the like disposed on the 
sacrificial layer 120 may be formed to be flat. 

10089] Referring to FIG. 2, the etch stop portion 130 may 
be disposed along a boundary of the cavity C. The etch stop 
portion 130 may prevent the etching from being performed 
beyond a region of the cavity during a process of forming the 
cavity C. 

10090] The membrane layer 140 may form the cavity C 
together with the substrate 110. In addition, the membrane 
layer 140 may be formed of a material having low reactivity 
with etching gas when the sacrificial layer 120 is removed. 
Meanwhile, the etch stop portion 130 may be inserted into 
a groove part 142 formed by the membrane layer 140. A 
dielectric layer containing any one of silicon nitride (Si3N4), 
silicon oxide (5i02), manganese oxide (Mg0), zirconium 
oxide (ZrO2), aluminum nitride (A1N), lead zirconate titan-
ate (PZT), gallium arsenic (GaAs), hafnium oxide (H102), 
aluminum oxide (A120 3), titanium oxide (Ti02), and zinc 
oxide (Zn0) may be used as the membrane layer 140. 
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10091] A seed layer (not shown) formed of aluminum 
nitride (A1N) may be formed on the membrane layer 140. 
That is, the seed layer may be disposed between the mem-
brane layer 140 and the lower electrode 150. The seed layer 
may be formed of a dielectric or a metal other than alumi-
num nitride (A1N) having a hexagonal close-packed (HCP) 
crystal structure. As an example, in a case in which the seed 
layer is formed of the metal, the seed layer may be formed 
of titanium (Ti). 

10092] The lower electrode 150 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
150 may be disposed on the cavity C. In addition, the lower 
electrode 150 may be used as either one of an input electrode 
that inputs an electrical signal such as a radio frequency (RF) 
signal or the like, and an output electrode that outputs an
electrical signal such as an RF signal or the like. 

10093] The lower electrode 150 may be formed of an
aluminum alloy including scandium (Sc), for example. The 
lower electrode 150 be may formed of the aluminum alloy 
including scandium (Sc), such that high power reactive 
sputtering may be increased with an increase in mechanical 
strength. Under such a high power reactive sputtering con-
dition, an increase in surface roughness of the lower elec-
trode 150 may be prevented and high orientation growth of 
the piezoelectric layer 160 may also be induced. 

10094] In addition, since the lower electrode 150 contains 
scandium (Sc), chemical resistance of the lower electrode 
150 may be increased, which may reduce or eliminate a 
disadvantage caused when the lower electrode is formed of 
pure aluminum. Further, during the manufacturing process, 
stability of a process such as dry etching or wet etching may 
be provided. Further, oxidation is easily caused in the case 
in which a lower electrode is formed of pure aluminum. 
However, since the lower electrode 150 is formed of the 
aluminum alloy including scandium, chemical resistance 
against oxidation may be increased. 

10095] In a comparison, an electrode was formed of 
molybdenum so as to have a thickness of 1500 A, another 
electrode was formed of an aluminum alloy (AlSc) contain-
ing scandium of 0.625 at % so as to have a thickness of 1500 
A, and sheet resistance of the electrodes was measured. The 
electrode formed of molybdenum (Mo) had a sheet resis-
tance of 0.9685 (ohnilA), while the electrode formed of the 
aluminum alloy (AlSc) containing scandium of 0.625 at % 
had a sheet resistance of 0.3 16 (ohnilA). As such, it can be 
seen that the sheet resistance was decreased in the electrode 
formed of the material of aluminum alloy (AlSc) as com-
pared to the electrode formed of the material of molybde-
num (Mo). 

10096] The content of scandium (Sc) in an AlSc alloy for 
an electrode may be 0.1 at % to 5 at %. That is, in a case in 
which the content of scandium (Sc) is less than 0.1 at %, 
deterioration of mechanical property and hillock caused by 
aluminum (Al) may occur, and in a case in which the content 
of scandium (Sc) is 5 at % or more, it is difficult to improve 
electrical loss representing the sheet resistance. In addition, 
in a case in which the content of scandium (Sc) is increased, 
surface roughness is increased, which may adversely affect 
the crystal orientation of the piezoelectric layer. 
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TABLE 1 

Material Yield strength Elongation 

Pare Al 35 Mpa 45% 
AlSc (Sc 0.625 at %) 300 Mpa 15% 

10097] In addition, as illustrated in Table 1 above, it can be 
seen that the material of aluminum alloy (AlSc, 0.625 at %) 
containing scandium has increased yield strength and 
reduced elongation as compared to pure aluminum (Al). 
10098] In addition, as illustrated in FIG. 5, the pure 
aluminum (Al) and the material of aluminum alloy (AlSc, 
0.625 at %) containing scandium (Sc) were each deposited 
to have a thickness of 1500 A and a change in sheet 
resistance was measured in a reliable environment. As a 
result, comparing a rate of change in sheet resistance after 96 
Hr, the material of aluminum alloy (AlSc, 0.625 at %) 
containing scandium exhibited a rate of change in sheet 
resistance of about 50% of the rate of change in sheet 
resistance of the pure aluminum (Al). Therefore, it can be 
seen that an oxidation resistance characteristic of the alu-
minum alloy including scandium is excellent. 
10099] In addition, the lower electrode 150 has an excel-
lent galvanic corrosion characteristic with the metal pad 
195, so that stability in the manufacturing process may be 
obtained. For example, the pure aluminum (Al) and the 
material of aluminum alloy (AlSc, 0.625 at %) containing 
scandium were deposited to have the thickness of 1500 A, 
then contacted with gold (Au), which is mainly used as a 
material of the metal pad 195, and then immersed in an 
electrolyte solution for 65 hours to compare galvanic cor-
rosion characteristics. As a result, a change in a surface was 
not observed in the material of aluminum alloy (AlSc, 0.625 
at %) containing scandium, but corrosion with gold (Au) 
was observed in the pure aluminum. Therefore, when the 
lower electrode 150 is formed of aluminum alloy (AlSc) 
containing scandium, excellent characteristics for galvanic 
corrosion may be provided in the manufacturing process. 
10100] The lower electrode 150 may be formed of alumi-
num alloy (AlSc) containing only aluminum and scandium 
(Sc). That is, additional metals, except for aluminum scan-
dium (Sc), are not contained. If metals in addition to 
scandium (Sc) are included with the aluminum, such an 
aluminum alloy may form a ternary system in a phase 
diagram. In this case, it is difficult to control a combination, 
and by having a complicated phase system, composition 
unevenness and an undesired crystal phase may be formed. 
10101] Further, in a case in which the lower electrode 150 
is formed of the aluminum alloy formed in the ternary 
system, surface roughness is increased due to the formation 
of composition unevenness and the undesired crystal phase, 
which may adversely affect crystal orientation when the 
piezoelectric layer 160 is formed. 
10102] Therefore, since the lower electrode 150 is formed 
of aluminum alloy (AlSc) containing only scandium (Sc), 
crystal orientation of the piezoelectric layer 160 disposed on 
the lower electrode 150 may be improved. A detailed 
description of such an improved crystal orientation will be 
provided below. 
10103] The piezoelectric layer 160 may be formed to at 
least cover the lower electrode 150 disposed on the cavity C. 
The piezoelectric layer 160, which is a portion that generates 
a piezoelectric effect that converts electric energy into 
mechanical energy in a form of an elastic wave, may be 
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formed of either one of aluminum nitride (A1N), zinc oxide 
(ZnO), and lead zirconium titanium oxide (PZT; PbZrTiO). 
In particular, in a case in which the piezoelectric layer 160 
is formed of aluminum nitride (A1N), the piezoelectric layer 
160 may further include a rare earth metal. As an example, 
the rare earth metal may include any one or any combination 
of any two or more of scandium (Sc), erbium (Er), yttrium 
(Y), and lanthanum (La). In addition, as an example, the 
transition metal may include any one or any combination of 
any two or more of titanium (Ti), zirconium (Zr), hafnium 
(Hf), tantalum (Ta), and niobium (Nb). In addition, the 
transition metal may also include magnesium (Mg), which is 
a divalent metal. 
10104] In addition, the content of elements included in 
aluminum nitride (A1N) to improve piezoelectric character-
istic may be 0.1 to 30 at %. If the amount of elements 
included to improve piezoelectric characteristic is less than 
0.1 at %, a piezoelectric characteristic higher than that of 
aluminum nitride (A1N) may not be implemented, and if the 
content of elements included to improve piezoelectric char-
acteristic exceeds 30 at %, it may be difficult to implement 
manufacturing for deposition and composition control, and 
a non-uniform phase may be thus formed. 
10105] The piezoelectric layer 160 may include a piezo-
electric portion 162 disposed in a substantially straight, 
central portion S and a bending portion 164 disposed in the 
extending portion E. 
10106] Referring to FIGS. 2 to 4, the piezoelectric portion 
162 may be a portion directly stacked on the upper surface 
of the lower electrode 150. Therefore, the piezoelectric 
portion 162 may be interposed between the lower electrode 
150 and the upper electrode 170 to form a flat shape together 
with the lower electrode 150 and the upper electrode 170. 
10107] The bending portion 164 may be defined as a 
region extended externally from the piezoelectric portion 
162 and disposed in the extending portion E. 

10108] The bending portion 164 may be disposed on the 
insertion layer 180 to be described below, and may be 
formed to be uplifted along a shape of the insertion layer 
180. Accordingly, the piezoelectric layer 160 may be bent at 
a boundary between the piezoelectric portion 162 and the 
bending portion 164, and the bending portion 164 may be 
raised, or uplifted to correspond to a thickness and a shape 
of the insertion layer 180. 

10109] The bending portion 164 may include an inclined 
portion 164a and an extended portion 164b. 

10110] The inclined portion 164a is a portion inclined 
along an inclined surface L of the insertion layer 180 to be 
described below. In addition, the extended portion 164b is a 
portion extended externally from the inclined portion 164a. 

10111] The inclined portion 164a may be formed to be 
parallel to the inclined surface L of the insertion layer 180, 
and an incline angle of the inclined portion 164a may be the 
same as an incline angle (€3 in FIG. 3) of the inclined surface 
L of the insertion layer 180. 

10112] The upper electrode 170 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 170 may be used as any one 
of an input electrode and an output electrode that inputs or 
outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 150 is used as the input electrode, the upper 
electrode 170 may be used as the output electrode, and in a 
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case in which the lower electrode 150 is used as the output 
electrode, the upper electrode 170 may be used as the input 
electrode. 
10113] The upper electrode 170 may also be formed of an 
aluminum alloy including scandium (Sc), similarly to the 
lower electrode 150. 
10114] The insertion layer 180 may be disposed between 
the lower electrode 150 and the piezoelectric layer 160. The 
insertion layer 180 may be formed of a dielectric such as 
silicon oxide (5i02), aluminum nitride (A1N), aluminum 
oxide (A120 3), silicon nitride (Si3N4), manganese oxide 
(MgO), zirconium oxide (ZrO2), lead zirconate titanate 
(PZT), gallium arsenide (GaAs), hafnium oxide (H102), 
aluminum oxide (A120 3), titanium oxide (TiO2), zinc oxide 
(ZnO), or the like, but may be formed of a material different 
from the piezoelectric layer 160. In addition, a region in 
which the insertion layer 180 is formed may also be formed 
as an air space, as needed. This may be implemented by 
removing the insertion layer 180 during the manufacturing 
process. 
10115] According to the embodiment of FIGS. 2 to 4, a 
thickness of the insertion layer 180 may be the same as or 
similar to a thickness of the lower electrode 150. In addition, 
the thickness of the insertion layer 180 may be similar to or 
less than the thickness of the piezoelectric layer 160. For 
example, the insertion layer 180 may have a thickness of 100 
A or more, and may have a thickness less than the thickness 
of the piezoelectric layer 160. However, the configuration of 
the insertion layer 180, the lower electrode 150, and the 
piezoelectric layer 160 is not limited to the foregoing 
description. 
10116] Meanwhile, the insertion layer 180 may be dis-
posed along a surface formed by the membrane layer 140, 
the lower electrode 150, and the etch stop portion 130. 
10117] The insertion layer 180 may be disposed around the 
substantially straight portion S to support the bending por-
tion 164 of the piezoelectric layer 160. Therefore, the 
bending portion 164 of the piezoelectric layer 160 may be 
configured to include the inclined portion 164a and the 
extended portion 164b depending on the shape of the 
insertion layer 180. 
10118] The insertion layer 180 may be disposed in a region 
other than the substantially straight portion S. For example, 
the insertion layer 180 may be disposed in the entire region 
other than the substantially straight portion S or in a portion 
of a region other than the substantially straight portion S. 
10119] In addition, at least a portion of the insertion layer 
180 may be disposed between the piezoelectric layer 160 
and the lower electrode 150. 
10120] A side surface of the insertion layer 180 disposed 
along a boundary of the substantially straight portion S may 
have a thickness that increases as a distance from the 
substantially straight portion S is increases. Thereby, the 
side surface of the insertion layer 180 disposed adjacent to 
the substantially straight portion S may be formed as the 
inclined surface L having a constant incline angle €3. 
10121] In a case in which the incline angle €3 of the side 
surface of the insertion layer 180 is less than 5°, it is difficult 
to manufacture the insertion layer 180 because the thickness 
of the insertion layer 180 needs to be extremely thin or an 
area of the inclined surface L needs to be excessively large. 
10122] In addition, in a case in which the incline angle €3 
of the side surface of the insertion layer 180 is greater than 
70°, the incline angle of the inclined portion 164a of the 
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piezoelectric layer 160 stacked on the insertion layer 180 
may also be greater than 70°. In this case, since the piezo-
electric layer 160 is bent excessively, a crack may occur in 
a bent portion of the piezoelectric layer 160. 
10123] Therefore, according to the embodiment of FIGS. 
2 to 4, the incline angle €3 of the inclined surface L may be 
in the range of 5° to 70°. 
10124] The passivation layer 190 may be formed on the 
lower electrode 150 and a region excluding a portion of the 
upper electrode 170. The passivation layer 190 may prevent 
damage to the upper electrode 170 and the lower electrode 
150 during a process of manufacturing the bulk acoustic 
wave resonator 100. 
10125] Further, a portion of the passivation layer 190 may 
be removed by etching for frequency control in a final 
process. That is, a thickness of the passivation layer 190 may 
be controlled. As the passivation layer 190, for example, a 
dielectric layer containing any one of silicon nitride (Si3N4), 
silicon oxide (5i02), manganese oxide (MgO), zirconium 
oxide (ZrO2), aluminum nitride (A1N), lead zirconate titan-
ate (PZT), gallium arsenic (GaAs), hafnium oxide (HfO2), 
aluminum oxide (A120 3), titanium oxide (TiO2), and zinc 
oxide (ZnO) may be used. 
10126] The metal pad 195 may be formed on the lower 
electrode 150 and the portion of the upper electrode 170 on 
which the passivation layer 190 is not formed. As an
example, the metal pad 195 may be formed of a material 
such as gold (Au), a gold-tin (Au--Sn) alloy, copper (Cu), 
a copper-tin (Cu--Sn) alloy, aluminum (Al), an aluminum 
alloy, or the like. For example, the aluminum alloy may be 
an aluminum-germanium (Al -Ge) alloy. 
10127] As described above, since the lower electrode 150 
and the upper electrode 170 are formed of the aluminum 
alloy including scandium (Sc), electrical loss may be 
improved. 
10128] Further, since mechanical strength may be 
improved, the piezoelectric layer 160 may be more stably 
deposited during the sputtering process to thereby improve 
crystal orientation, and chemical resistance may be 
improved to ensure manufacturing stability. 
10129] In more detail, when aluminum alloy (AlSc) con-
taining pure aluminum (Al) and scandium (Sc) is deposited 
to have a thickness of 1500 A on a seed layer having a 
thickness of 500 A and formed of an aluminum nitride 
(A1N), and surface defect of the deposited aluminum alloy 
(AlSc) is then observed, defects due to a hillock and a grain 
boundary groove are significantly reduced in comparison 
with pure aluminum (Al). 
10130] That is, as illustrated in FIGS. 6 and 7, the surface 
defects of a groove are observed in pure aluminum (Al), but 
the surface defects are not observed in the aluminum alloy 
(AlSc, 0.625 at %) containing scandium (Sc). In addition, as 
illustrated in FIG. 8, when the content of scandium (Sc) is 
excessive, it can be seen that surface roughness is increased. 
10131] In more detail, a surface roughness of samples in 
which pure aluminum (Al) (FIG. 6), aluminum alloy (AlSc) 
containing scandium (Sc) of 0.625 at % (FIG. 7), and 
aluminum alloy (AlSc) containing scandium (Sc) of 6.25 at 
% (FIG. 8) were deposited was measured by an atomic force 
microscopy (AFM). As a result, as illustrated in FIG. 9, pure 
aluminum (Al) had a surface roughness of 3.74 nm based on 
a scan size (10 tmx10 tm), and, as illustrated in FIG. 10, 
aluminum alloy (AlSc) containing scandium (Sc) of 0.625 at 
% had a surface roughness of 1.70 nm based on a scan size 
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(10 tmx10 tm). In addition, as illustrated in FIG. 11, 
aluminum alloy (AlSc) containing scandium (Sc) of 6.25 at 
% had surface roughness (Ra) increased to 10.27 nm based 
on a scan size of (10 tmx10 tm). 
10132] Aluminum alloy (AlSc) containing pure aluminum 
(Al) and scandium (Sc) may have a FCC crystal structure, 
and when aluminum alloy is oriented in a (111) crystal 
surface, it has lattice mismatch of 8% with a (0002) crystal 
surface of a HCP crystal structure of aluminum nitride 
(A1N), which forms the piezoelectric layer 160. The lower 
electrode 150 formed of the aluminum alloy (AlSc) con-
taining pure aluminum (Al) and scandium (Sc) has an 
improved lattice mismatch with aluminum nitride (A1N), as 
compared to a lattice mismatch of 14% in a case in which a 
lower electrode is formed of molybdenum (Mo). 
10133] However, in the case of a pure aluminum (Al) 
lower electrode, when surface roughness is increased, crys-
tal orientation of the piezoelectric layer 160 may be dete-
riorated due to surface defects, and the like. 
10134] In an example comparison, aluminum alloy (AlSc) 
containing pure aluminum (Al) and scandium (Sc), pure 
aluminum (Al), and molybdenum (Mo) were each deposited 
to have a thickness of 1500 A on a seed layer having the 
thickness of 500 A and formed of aluminum nitride (A1N), 
and aluminum nitride (A1N), forming the piezoelectric layer 
160, was then deposited to have the thickness of 5000 A. An 
XRD rocking curve was measured to compare crystal ori-
entation of the resulting thin film in each case. The resulting 
crystal orientations are shown as in Table 2 below. 

TABLE 2 
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10136] In other words, when the lower electrode 150 is 
formed of the aluminum alloy (AlSc) containing scandium 
(Sc) of 0.625 at %, the piezoelectric layer 160 may be more 
stably deposited on the lower electrode 150 during the 
sputtering process to thereby improve crystal orientation, 
and chemical resistance may be improved to provide manu-
facturing stability. 

10137] Hereinafter, modified examples of a bulk acoustic 
wave resonator will be described with reference to the 
accompanying drawings. However, the same components as 
the above-mentioned components will be indicated by the 
same reference numerals, and a detailed description thereof 
will be omitted. 

10138] FIG. 15 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 200, according to 
another embodiment. 

10139] Referring to FIG. 15, the bulk acoustic wave reso-
nator 200 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, a 
lower electrode 250, the piezoelectric layer 160, the upper 
electrode 170, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 

10140] The lower electrode 250 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
250 may be disposed on the cavity C. In addition, the lower 
electrode 250 may be used as either one of an input electrode 
and an output electrode that inputs or outputs an electrical 
signal such as a radio frequency (RF) signal or the like. 

full width at half 
maximum (FWHM) 
(degree) 

Aluminum alloy 
including scandium 

Molybdenum (Mo) Pure Aluminum (Al) (AlSc, 6.25 at %) 

Aluminum alloy 
including scandium 
(AlSc, 0.625 at %) 

Crystal Orientation 2.77 (110) 1.31 (111) 1.13 (111) 0.49 (111) 
of Lower Electrode 
(1500 A) 
Crystal Orientation 1.95 (0002) 1.73 (0002) 2.19 (0002) 0.78 (0002) 
of Piezoelectric 
Layer (5000 A) 

10135] That is, in a case in which aluminum nitride (A1N) 
was deposited on molybdenum (Mo), the crystal orientation 
of aluminum nitride (A1N) was 1.950, and in a case in which 
aluminum nitride (A1N) was deposited on pure aluminum 
(Al), crystal orientation was 1.73° (see Table 2) due to 
surface defects of the pure aluminum (Al). In other words, 
crystal orientation of the piezoelectric layer deposited on 
pure aluminum (Al) was improved as compared to the case 
to which the piezoelectric layer was deposited on molybde-
num (Mo), but the surface defects of the groove observed on 
the surface of pure aluminum (Al) are transferred as it is, 
even in the case in which aluminum nitride (A1N) is depos-
ited as illustrated in FIG. 12. In addition, crystal orientation 
of the piezoelectric layer deposited on aluminum alloy 
(AlSc) containing scandium of 6.25 at % was deteriorated to 
2.19° (see Table 2) as compared to the piezoelectric layer 
deposited on pure aluminum (Al), due to an increase in 
surface roughness when aluminum nitride (A1N) is depos-
ited, as illustrated in FIG. 13. However, aluminum nitride 
(A1N) deposited on aluminum alloy (AlSc) containing scan-
dium (Sc) of 0.625 at % exhibited an excellent crystal 
orientation of 0.78° (see Table 2), as illustrated in FIG. 14. 

10141] The lower electrode 250 may be formed of, for 
example, a conductive material such as molybdenum (Mo) 
or an alloy thereof. However, the material of the lower 
electrode 250 is not limited to molybdenum (Mo), and the 
lower electrode 250 may be formed of a conductive material 
such as ruthenium (Ru), tungsten (W), iridium (Ir), platinum 
(Pt), copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), 
chromium (Cr), or the like, or an alloy thereof. 

10142] Since the upper electrode 170 is formed of the 
aluminum alloy including scandium (Sc), chemical resis-
tance may be increased. That is, a disadvantage caused when 
the upper electrode is formed of the pure aluminum may be 
reduced or eliminated. Further, during the manufacturing 
process, stability of a process such as dry etching or wet 
etching may be provided. Further, in the case in which the 
lower electrode is formed of pure aluminum, oxidation is 
easily caused, but since the upper electrode 170 is formed of 
the aluminum alloy including scandium, chemical resistance 
against oxidation may be increased. 

10143] FIG. 16 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 300, according to 
another embodiment. 
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10144] Referring to FIG. 16, the bulk acoustic wave reso-
nator 300 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, the 
lower electrode 150, the piezoelectric layer 160, an upper 
electrode 370, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 

10145] The upper electrode 370 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 370 may be used as either one 
of an input electrode and an output electrode that inputs and 
outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 150 is used as the input electrode, the upper 
electrode 370 may be used as the output electrode, and in a 
case in which the lower electrode 150 is used as the output 
electrode, the upper electrode 370 may be used as the input 
electrode. 

10146] The upper electrode 370 may be formed of a 
conductive material such as molybdenum (Mo) or an alloy 
thereof However, the material of the upper electrode 370 is 
not limited to molybdenum (Mo), and the upper electrode 
370 may be formed of a conductive material such as 
ruthenium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), chro-
mium (Cr), or the like, or an alloy thereof 

10147] The lower electrode 150 may be formed of the 
aluminum alloy including scandium (Sc) As such, high 
power reactive sputtering may be increased with an increase 
in mechanical strength. In addition, under such a deposition 
condition, an increase in surface roughness of the lower 
electrode 150 may be prevented and high orientation growth 
of the piezoelectric layer 160 may also be induced. 

10148] In addition, since scandium (Sc) is contained in the 
lower electrode 150, chemical resistance of the lower elec-
trode 150 may be increased, which may thus reduce or 
eliminate a disadvantage caused when the lower electrode is 
formed of pure aluminum. Further, during the manufactur-
ing process, stability of a process such as dry etching or wet 
etching may be provided. Further, in the case in which the 
lower electrode is formed of pure aluminum, oxidation is 
easily caused, but since the lower electrode 150 is formed of 
the aluminum alloy including scandium, chemical resistance 
against oxidation may be increased. 

10149] FIG. 17 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 400, according to 
another embodiment. 

10150] Referring to FIG. 17, the bulk acoustic wave reso-
nator 400 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, a 
lower electrode 450, the piezoelectric layer 160, the upper 
electrode 170, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 

10151] The lower electrode 450 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
450 may be disposed on the cavity C. In addition, the lower 
electrode 450 may be used as either one of an input electrode 
and an output electrode that inputs or outputs an electrical 
signal such as a radio frequency (RF) signal or the like. 

10152] As an example, the lower electrode 450 may 
include a first lower electrode layer 452 formed of an 
aluminum alloy including scandium (Sc), and a second 
lower electrode layer 454 formed on the first lower electrode 
layer 452. 
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10153] The second lower electrode layer 454 may be 
formed of, for example, a conductive material such as 
molybdenum (Mo) or an alloy thereof. However, the mate-
rial of the second lower electrode layer 454 is not limited to 
molybdenum (Mo), and the second lower electrode layer 
454 may be formed of a conductive material such as 
ruthenium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), chro-
mium (Cr), or the like, or an alloy thereof 
10154] As described above, since the upper electrode 170 
and the first lower electrode layer 452 are formed of the 
aluminum alloy including scandium (Sc), chemical resis-
tance is increased, which may thus reduce or eliminate a 
disadvantage caused when the lower electrode and the upper 
electrode are formed of pure aluminum. Further, during the 
manufacturing process, stability of a process such as dry 
etching or wet etching may be provided. Further, in the case 
in which the lower electrode and the upper electrode are 
formed of pure aluminum, oxidation is easily caused, but 
since the upper electrode 170 and lower electrode 450 are 
formed of the aluminum alloy including scandium, chemical 
resistance against oxidation may be increased. 
10155] FIG. 18 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 500, according to 
another embodiment. 
10156] Referring to FIG. 18, the bulk acoustic wave reso-
nator 500 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, a 
lower electrode 550, the piezoelectric layer 160, an upper 
electrode 570, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 
10157] The lower electrode 550 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
550 may be disposed on the cavity C. In addition, the lower 
electrode 550 may be used as either one of an input electrode 
and an output electrode that inputs or outputs an electrical 
signal such as a radio frequency (RF) signal or the like. 
10158] As an example, the lower electrode 550 may 
include a first lower electrode layer 552, and a second lower 
electrode layer 554 formed on the first lower electrode layer 
552 and formed of an aluminum alloy including scandium 
(Sc). 
10159] The first lower electrode layer 552 may be formed 
of, for example, a conductive material such as molybdenum 
(Mo) or an alloy thereof. However, the material of the first 
lower electrode layer 552 is not limited to molybdenum 
(Mo), and the first lower electrode layer 552 may be formed 
of a conductive material such as ruthenium (Ru), tungsten 
(W), iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), 
tantalum (Ta), nickel (Ni), chromium (Cr), or the like, or an
alloy thereof 
10160] The upper electrode 570 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 570 may be used as either one 
of an input electrode and an output electrode that inputs or 
outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 550 is used as the input electrode, the upper 
electrode 570 may be used as the output electrode, and in a 
case in which the lower electrode 550 is used as the output 
electrode, the upper electrode 570 may be used as the input 
electrode. 
10161] The upper electrode 570 may include a first upper 
electrode layer 572 formed of an aluminum alloy including 
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scandium (Sc), and a second upper electrode layer 574 
formed on the first upper electrode layer 572. 
10162] In addition, the second upper electrode layer 574 
may be formed of a conductive material such as molybde-
num (Mo) or an alloy thereof. However, the material of the 
second upper electrode layer 574 is not limited to molyb-
denum (Mo), and the second upper electrode layer 574 may 
be formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 
10163] As described above, the second lower electrode 
layer 554 is formed of the aluminum alloy including scan-
dium Sc. As such, the second lower electrode layer 554 is 
formed of the aluminum alloy including scandium (Sc), such 
that high power reactive sputtering may be increased with an 
increase in mechanical strength. In addition, under such a 
deposition condition, an increase in surface roughness of the 
second lower electrode layer 554 may be prevented and high 
orientation growth of the piezoelectric layer 160 may also be 
induced. 
10164] In addition, since the second lower electrode layer 
554 and the first upper electrode layer 572 are formed of the 
aluminum alloy including scandium (Sc), chemical resis-
tance is increased, which may thus reduce or eliminate a 
disadvantage caused when the lower electrode and the upper 
electrode are formed of pure aluminum. Further, during the 
manufacturing process, stability of a process such as dry 
etching or wet etching may be provided. Further, in the case 
in which the lower electrode and the upper electrode are 
formed of pure aluminum, oxidation is easily caused, but 
since the second lower electrode layer 554 and the first upper 
electrode layer 572 are formed of the aluminum alloy 
including scandium, chemical resistance against oxidation 
may be increased. 
10165] FIG. 19 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 600, according to 
another embodiment. 
10166] Referring to FIG. 19, the bulk acoustic wave reso-
nator 600 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, a 
lower electrode 650, the piezoelectric layer 160, an upper 
electrode 670, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 
10167] The lower electrode 650 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
650 may be disposed on the cavity C. In addition, the lower 
electrode 650 may be used as either one of an input electrode 
and an output electrode that inputs or outputs an electrical 
signal such as a radio frequency (RF) signal or the like. 
10168] The lower electrode 650 may be formed of a 
conductive material such as molybdenum (Mo) or an alloy 
thereof However, the material of the lower electrode 650 is 
not limited to molybdenum (Mo), and the lower electrode 
650 may be formed of a conductive material such as 
ruthenium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), chro-
mium (Cr), or the like, or an alloy thereof 
10169] The upper electrode 670 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 670 may be used as either one 
of an input electrode and an output electrode that inputs or 
outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
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electrode 650 is used as the input electrode, the upper 
electrode 670 may be used as the output electrode, and in a 
case in which the lower electrode 650 is used as the output 
electrode, the upper electrode 670 may be used as the input 
electrode. 
10170] The upper electrode 670 may include a first upper 
electrode layer 672 formed of an aluminum alloy including 
scandium (Sc), and a second upper electrode layer 674 
formed on the first upper electrode layer 672. 
10171] In addition, the second upper electrode layer 674 
may be formed of a conductive material such as molybde-
num (Mo) or an alloy thereof. However, the material of the 
second upper electrode layer 674 is not limited to molyb-
denum (Mo), and the second upper electrode layer 674 may 
be formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 
10172] In addition, since the first upper electrode layer 672 
is formed of the aluminum alloy including scandium (Sc), 
chemical resistance is increased, which may thus reduce or 
eliminate a disadvantage caused when the lower electrode 
and the upper electrode are formed of pure aluminum. 
Further, during the manufacturing process, stability of a 
process such as dry etching or wet etching may be provided. 
Further, in the case in which the lower electrode and the 
upper electrode are formed of pure aluminum, oxidation is 
easily caused, but since the first upper electrode layer 672 
formed of the aluminum alloy including scandium is pro-
vided, chemical resistance against oxidation may be 
increased. 
10173] FIG. 20 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 700, according to 
another embodiment. 
10174] Referring to FIG. 20, the bulk acoustic wave reso-
nator 700 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, the 
lower electrode 150, the piezoelectric layer 160, an upper 
electrode 770, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 
10175] The upper electrode 770 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 770 may be used as either one 
of an input electrode and an output electrode that inputs or 
outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 150 is used as the input electrode, the upper 
electrode 770 may be used as the output electrode, and in a 
case in which the lower electrode 150 is used as the output 
electrode, the upper electrode 770 may be used as the input 
electrode. 
10176] The upper electrode 770 may include a first upper 
electrode layer 772, and a second upper electrode layer 774 
disposed on the first upper electrode layer 772 and formed 
of an aluminum alloy including scandium (Sc). 
10177] In addition, the first upper electrode layer 772 may 
be formed of a conductive material such as molybdenum 
(Mo) or an alloy thereof. However, the material of the first 
upper electrode layer 772 is not limited to molybdenum 
(Mo), and the first upper electrode layer 772 may be formed 
of a conductive material such as ruthenium (Ru), tungsten 
(W), iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), 
tantalum (Ta), nickel (Ni), chromium (Cr), or the like, or an
alloy thereof 
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10178] FIG. 21 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 800, according to 
another embodiment. 
10179] Referring to FIG. 21, the bulk acoustic wave reso-
nator 800 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, a 
lower electrode 850, the piezoelectric layer 160, the upper 
electrode 170, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 
10180] The lower electrode 850 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
850 may be disposed on the cavity C. In addition, the lower 
electrode 850 may be used as either one of an input electrode 
and an output electrode that inputs or outputs an electrical 
signal such as a radio frequency (RF) signal or the like. 
10181] As an example, the lower electrode 850 may 
include a first lower electrode layer 852, and a second lower 
electrode layer 854 formed on the first lower electrode layer 
852 and formed of an aluminum alloy including scandium 
(Sc). 
10182] The first lower electrode layer 852 may be formed 
of a conductive material such as molybdenum (Mo) or an 
alloy thereof. However, the material of the first lower 
electrode layer 852 is not limited to molybdenum (Mo), and 
the first lower electrode layer 852 may be formed of a 
conductive material such as ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), chromium (Cr), or the like, or an 
alloy thereof 
10183] FIG. 22 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 900, according to 
another embodiment. 
10184] Referring to FIG. 22, the bulk acoustic wave reso-
nator 900 may include the substrate 110, the sacrificial layer 
120, the etch stop portion 130, the membrane layer 140, a 
lower electrode 950, the piezoelectric layer 160, an upper 
electrode 970, the insertion layer 180, the passivation layer 
190, and the metal pad 195. 
10185] The lower electrode 950 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
950 may be disposed on the cavity C. In addition, the lower 
electrode 950 may be used as either one of an input electrode 
and an output electrode that inputs or outputs an electrical 
signal such as a radio frequency (RF) signal or the like. 
10186] As an example, the lower electrode 950 may 
include a first lower electrode layer 952 formed of an 
aluminum alloy including scandium (Sc), and a second 
lower electrode layer 952 formed on the first lower electrode 
layer 954. 
10187] The second lower electrode layer 954 may be 
formed of a conductive material such as molybdenum (Mo) 
or an alloy thereof. However, the material of the second 
lower electrode layer 954 is not limited to molybdenum 
(Mo), and the second lower electrode layer 954 may be 
formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 
10188] The upper electrode 970 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 970 may be used as either one 
of an input electrode and an output electrode that inputs or 
outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
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electrode 950 is used as the input electrode, the upper 
electrode 970 may be used as the output electrode, and in a 
case in which the lower electrode 950 is used as the output 
electrode, the upper electrode 970 may be used as the input 
electrode. 
10189] The upper electrode 970 may include a first upper 
electrode layer 972, and a second upper electrode layer 974 
disposed on the first upper electrode layer 972 and formed 
of an aluminum alloy including scandium (Sc). 
10190] In addition, the first upper electrode layer 972 may 
be formed of a conductive material such as molybdenum 
(Mo) or an alloy thereof. However, the material of the first 
upper electrode layer 972 is not limited to molybdenum 
(Mo), and the first upper electrode layer 972 may be formed 
of a conductive material such as ruthenium (Ru), tungsten 
(W), iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), 
tantalum (Ta), nickel (Ni), chromium (Cr), or the like, or an
alloy thereof 
10191] FIG. 23 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1000, according to 
another embodiment. 
10192] Referring to FIG. 23, the bulk acoustic wave reso-
nator 1000 may include the substrate 110, the sacrificial 
layer 120, the etch stop portion 130, the membrane layer 
140, a lower electrode 1050, the piezoelectric layer 160, an
upper electrode 1070, the insertion layer 180, the passivation 
layer 190, and the metal pad 195. 

10193] The lower electrode 1050 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
1050 may be disposed on the cavity C. In addition, the lower 
electrode 1050 may be used as either one of an input 
electrode and an output electrode that inputs or outputs an
electrical signal such as a radio frequency (RF) signal or the 
like. 

10194] The lower electrode 1050 may be formed of, for 
example, a conductive material such as molybdenum (Mo) 
or an alloy thereof. However, the material of the lower 
electrode 1050 is not limited to molybdenum (Mo), and the 
lower electrode 1050 may be formed of a conductive mate-
rial such as ruthenium (Ru), tungsten (W), iridium (Ir), 
platinum (Pt), copper (Cu), titanium (Ti), tantalum (Ta), 
nickel (Ni), chromium (Cr), or the like, or an alloy thereof. 

10195] The upper electrode 1070 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 1070 may be used as either 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 1050 is used as the input electrode, the upper 
electrode 1070 may be used as the output electrode, and in 
a case in which the lower electrode 1050 is used as the 
output electrode, the upper electrode 1070 may be used as 
the input electrode. 

10196] The upper electrode 1070 may include a first upper 
electrode layer 1072, and a second upper electrode layer 
1074 disposed on the first upper electrode layer 1072 and 
formed of an aluminum alloy including scandium (Sc). 

10197] In addition, the first upper electrode layer 1072 
may be formed of a conductive material such as molybde-
num (Mo) or an alloy thereof. However, the material of the 
first upper electrode layer 1072 is not limited to molybde-
num (Mo), and the first upper electrode layer 1072 may be 
formed of a conductive material such as ruthenium (Ru), 
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tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 
10198] FIG. 24 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1100, according to 
another embodiment. 
10199] Referring to FIG. 24, the bulk acoustic wave reso-
nator 1100 may include the substrate 110, the sacrificial 
layer 120, the etch stop portion 130, the membrane layer 
140, the lower electrode 150, the piezoelectric layer 160, an 
upper electrode 1170, the insertion layer 180, the passivation 
layer 190, and the metal pad 195. 
10200] The upper electrode 1170 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 1170 may be used as either 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 150 is used as the input electrode, the upper 
electrode 1170 may be used as the output electrode, and in 
a case in which the lower electrode 150 is used as the output 
electrode, the upper electrode 1170 may be used as the input 
electrode. 
10201] The upper electrode 1170 may include a first upper 
electrode layer 1172 formed of an aluminum alloy including 
scandium (Sc), and a second upper electrode layer 1172 
formed on the first upper electrode layer 1174. 
10202] The second upper electrode layer 1174 may be 
formed of a conductive material such as molybdenum (Mo) 
or an alloy thereof. However, the material of the second 
upper electrode layer 1174 is not limited to molybdenum 
(Mo), and the second upper electrode layer 1174 may be 
formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 
10203] FIG. 25 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1200, according to 
another embodiment. 
10204] Referring to FIG. 25, the bulk acoustic wave reso-
nator 1200 may include the substrate 110, the sacrificial 
layer 120, the etch stop portion 130, the membrane layer 
140, a lower electrode 1250, the piezoelectric layer 160, an 
upper electrode 1270, the insertion layer 180, the passivation 
layer 190, and the metal pad 195. 
10205] The lower electrode 1250 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
1250 may be disposed on the cavity C. In addition, the lower 
electrode 1250 may be used as either one of an input 
electrode and an output electrode that inputs or outputs an 
electrical signal such as a radio frequency (RF) signal or the 
like. 
10206] As an example, the lower electrode 1250 may 
include a first lower electrode layer 1252 formed of an 
aluminum alloy including scandium (Sc), and a second 
lower electrode layer 1254 formed on the first lower elec-
trode layer 1252. 
10207] The second lower electrode layer 1254 may be 
formed of, for example, a conductive material such as 
molybdenum (Mo) or an alloy thereof. However, the mate-
rial of the second lower electrode layer 1254 is not limited 
to molybdenum (Mo), and the second lower electrode layer 
1254 may be formed of a conductive material such as 
ruthenium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
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copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), chro-
mium (Cr), or the like, or an alloy thereof 
10208] The upper electrode 1270 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 1270 may be used as either 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 1250 is used as the input electrode, the upper 
electrode 1270 may be used as the output electrode, and in 
a case in which the lower electrode 1250 is used as the 
output electrode, the upper electrode 1270 may be used as 
the input electrode. 
10209] The upper electrode 1270 may be formed of, for 
example, a conductive material such as molybdenum (Mo) 
or an alloy thereof. However, the material of the upper 
electrode 1270 is not limited to molybdenum (Mo), and the 
upper electrode 1270 may be formed of a conductive mate-
rial such as ruthenium (Ru), tungsten (W), iridium (Ir), 
platinum (Pt), copper (Cu), titanium (Ti), tantalum (Ta), 
nickel (Ni), chromium (Cr), or the like, or an alloy thereof. 
10210] FIG. 26 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1300, according to 
another embodiment. 
10211] Referring to FIG. 26, the bulk acoustic wave reso-
nator 1300 may include the substrate 110, the sacrificial 
layer 120, the etch stop portion 130, the membrane layer 
140, a lower electrode 1350, the piezoelectric layer 160, an
upper electrode 1370, the insertion layer 180, the passivation 
layer 190, and the metal pad 195. 
10212] The lower electrode 1350 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
1350 may be disposed on the cavity C. In addition, the lower 
electrode 1350 may be used as either one of an input 
electrode and an output electrode that inputs or outputs an
electrical signal such as a radio frequency (RF) signal or the 
like. 
10213] As an example, the lower electrode 1350 may 
include a first lower electrode layer 1352 formed of an
aluminum alloy including scandium (Sc), and a second 
lower electrode layer 1354 formed on the first lower elec-
trode layer 1352. 
10214] The second lower electrode layer 1354 may be 
formed of, for example, a conductive material such as 
molybdenum (Mo) or an alloy thereof. However, the mate-
rial of the second lower electrode layer 1354 is not limited 
to molybdenum (Mo), and the second lower electrode layer 
1354 may be formed of a conductive material such as 
ruthenium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), chro-
mium (Cr), or the like, or an alloy thereof 
10215] The upper electrode 1370 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 1370 may be used as either 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 1350 is used as the input electrode, the upper 
electrode 1370 may be used as the output electrode, and in 
a case in which the lower electrode 1350 is used as the 
output electrode, the upper electrode 1370 may be used as 
the input electrode. 
10216] The upper electrode 1370 may include a first upper 
electrode layer 1372 formed of an aluminum alloy including 



US 2019/005845 1 Al 
12 

scandium (Sc), and a second upper electrode layer 1374 
formed on the first upper electrode layer 1372. 
10217] In addition, the second upper electrode layer 1374 
may be formed of a conductive material such as molybde-
num (Mo) or an alloy thereof. However, the material of the 
second upper electrode layer 1374 is not limited to molyb-
denum (Mo), and the second upper electrode layer 1374 may 
be formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 
10218] FIG. 27 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1400, according to 
another embodiment. 
10219] Referring to FIG. 27, the bulk acoustic wave reso-
nator 1400 may include the substrate 110, the sacrificial 
layer 120, the etch stop portion 130, the membrane layer 
140, a lower electrode 1450, the piezoelectric layer 160, an 
upper electrode 1470, the insertion layer 180, the passivation 
layer 190, and the metal pad 195. 
10220] The lower electrode 1450 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
1450 may be disposed on the cavity C. In addition, the lower 
electrode 1450 may be used as either one of an input 
electrode and an output electrode that inputs or outputs an 
electrical signal such as a radio frequency (RF) signal or the 
like. 

10221] As an example, the lower electrode 1450 may 
include a first lower electrode layer 1452, and a second 
lower electrode layer 1454 formed on the first lower elec-
trode layer 1452 and formed of an aluminum alloy including 
scandium (Sc). 

10222] The first lower electrode layer 1452 may be formed 
of a conductive material such as molybdenum (Mo) or an 
alloy thereof. However, the material of the first lower 
electrode layer 1452 is not limited to molybdenum (Mo), 
and the first lower electrode layer 1452 may be formed of a 
conductive material such as ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), chromium (Cr), or the like, or an 
alloy thereof 

10223] The upper electrode 1470 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 1470 may be used as either 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 1450 is used as the input electrode, the upper 
electrode 1470 may be used as the output electrode, and in 
a case in which the lower electrode 1450 is used as the 
output electrode, the upper electrode 1470 may be used as 
the input electrode. 

10224] Meanwhile, the upper electrode 1470 may be 
formed of a conductive material such as molybdenum (Mo) 
or an alloy thereof. However, the material of the upper 
electrode 1470 is not limited to molybdenum (Mo), and the 
upper electrode 1470 may be formed of a conductive mate-
rial such as ruthenium (Ru), tungsten (W), iridium (Ir), 
platinum (Pt), copper (Cu), titanium (Ti), tantalum (Ta), 
nickel (Ni), chromium (Cr), or the like, or an alloy thereof 

10225] FIG. 28 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1500, according to 
another embodiment. 
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10226] Referring to FIG. 28, the bulk acoustic wave reso-
nator 1500 may include the substrate 110, the sacrificial 
layer 120, the etch stop portion 130, the membrane layer 
140, a lower electrode 1550, the piezoelectric layer 160, an
upper electrode 1570, the insertion layer 180, the passivation 
layer 190, and the metal pad 195. 

10227] The lower electrode 1550 may be formed on the 
membrane layer 140, and a portion of the lower electrode 
1550 may be disposed on the cavity C. In addition, the lower 
electrode 1550 may be used as either one of an input 
electrode and an output electrode that inputs or outputs an
electrical signal such as a radio frequency (RF) signal or the 
like. 

10228] As an example, the lower electrode 1550 may 
include a first lower electrode layer 1552, and a second 
lower electrode layer 1554 formed on the first lower elec-
trode layer 1552 and formed of an aluminum alloy including 
scandium (Sc). 

10229] The first lower electrode layer 1552 may be formed 
of, for example, a conductive material such as molybdenum 
(Mo) or an alloy thereof. However, the material of the first 
lower electrode layer 1552 is not limited to molybdenum 
(Mo), and the first lower electrode layer 1552 may be 
formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 

10230] The upper electrode 1570 may be formed to at least 
cover a portion of the piezoelectric layer 160 disposed on the 
cavity C. The upper electrode 1570 may be used as either 
one of an input electrode and an output electrode that inputs 
and outputs an electrical signal such as a radio frequency 
(RF) signal, or the like. That is, in a case in which the lower 
electrode 1550 is used as the input electrode, the upper 
electrode 1570 may be used as the output electrode, and in 
a case in which the lower electrode 1550 is used as the 
output electrode, the upper electrode 1570 may be used as 
the input electrode. 

10231] The upper electrode 1570 may include a first upper 
electrode layer 1572, and a second upper electrode layer 
1574 disposed on the first upper electrode layer 1572 and 
formed of an aluminum alloy including scandium (Sc). 

10232] In addition, the first upper electrode layer 1572 
may be formed of a conductive material such as molybde-
num (Mo) or an alloy thereof. However, the material of the 
first upper electrode layer 1572 is not limited to molybde-
num (Mo), and the first upper electrode layer 1572 may be 
formed of a conductive material such as ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), chromium (Cr), or 
the like, or an alloy thereof. 

10233] Hereinafter, characteristics of the bulk acoustic 
wave resonators according to the various embodiments 
disclosed herein will be described through the following 
Table 3. 

10234] In the respective embodiments, the resonator had a 
size of 125x125 tm, and a resonator frequency (Fs) was 
tuned to about 5 GHz. In addition, doped aluminum nitride 
(AlScN) having the content of 6.25 at % of scandium (Sc) 
was used as a piezoelectric layer. 
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10235] A seed layer formed of aluminum nitride (A1N) 
was stacked below the lower electrode, and had a thickness 
of 500 A. In addition, a passivation layer formed of silicon 
oxide (SiO) was stacked on the upper electrode, and had a 
thickness of 1000 A. 
10236] As illustrated in the following table, when the 
upper electrode and the lower electrode including a layer of 

Embodiment Structure Material 
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aluminum alloy including scandium (Sc) were used, since 
the thickness of the electrode was increased, insertion loss 
was reduced, and in particular, when the lower electrode 
including the layer of aluminum alloy including scandium 
(Sc) was used, crystal orientation of the piezoelectric layer 
AlScN was improved. 

TABLE 3 

Electrical Crystal 
Resonator Characteristic Mechanical Orientation of 
Frequency Thickness (Insertion Characteristic Piezoelectric 
(Fs, GHz) (A) Loss, dB) (Kt2) Layer 

Upper Electrode AlSc 4.97 1000 0.032 7.34 0.75 
Piezoelectric Layer AlScN 6000 
Lower Electrode AlSc 1500 

2 Upper Electrode AlSc 5.04 1200 0.078 7.89 1.95 
Piezoelectric Layer AlScN 5000 
Lower Electrode Mo 1000 

3 Upper Electrode Mo 4.91 1000 0.070 7.83 0.81 
Piezoelectric Layer AlScN 5000 
Lower Electrode AlSc 1500 

4 Upper Electrode AlSc 5.01 1200 0.058 7.18 2.12 
Piezoelectric Layer AlScN 4500 
Second Lower Mo 1000 
Electrode Layer 
First Lower AlSc 1000 
Electrode Layer 

5 Second Upper Mo 4.98 500 0.084 7.01 1.32 
Electrode Layer 
First Upper AlSc 500 
Electrode Layer 
Piezoelectric Layer AlScN 4500 
Second Lower AlSc 500 
Electrode Layer 
First Lower Mo 500 
Electrode Layer 

6 Second Upper Mo 4.91 500 0.086 7.98 2.01 
Electrode Layer 
First Upper AlSc 500 
Electrode Layer 
Piezoelectric Layer AlScN 4500 
Lower Electrode Mo 1000 

7 Second Upper AlSc 5.09 1000 0.064 8.05 0.78 
Electrode Layer 
First Upper Mo 500 
Electrode Layer 
Piezoelectric Layer AlScN 5500 
Lower Electrode AlSc 1000 

8 Upper Electrode AlSc 5.06 1200 0.071 7.03 1.21 
Piezoelectric Layer AlScN 5000 
Second Lower AlSc 500 
Electrode Layer 
First Lower Mo 500 
Electrode Layer 

9 Second Upper AlSc 5.05 1000 0.061 7.95 2.27 
Electrode Layer 
First Upper Mo 500 
Electrode Layer 
Piezoelectric Layer AlScN 4500 
Second Lower Mo 500 
Electrode Layer 
First Lower AlSc 1000 
Electrode Layer 

10 Second Upper AlSc 4.94 1000 0.073 8.46 2.01 
Electrode Layer 
First Upper Mo 500 
Electrode Layer 
Piezoelectric Layer AlScN 4500 
Lower Electrode Mo 1000 

11 Second Upper Mo 5.06 500 0.076 7.59 0.78 

Electrode Layer 

First Upper AlSc 500 

Electrode Layer 

Piezoelectric Layer AlScN 5500 

Lower Electrode AlSc 1000 
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Embodiment Structure Material 

Resonator 
Frequency 
(Fs, GHz) 

Thickness 
(A) 

Electrical 
Characteristic 

(Insertion 
Loss, dB) 

Mechanical 
Characteristic 

(Kt2) 

Crystal 
Orientation of 
Piezoelectric 

Layer 

12 Upper Electrode Mo 4.98 1000 0.068 8.47 2.28 
Piezoelectric Layer AlScN 4000 
Second Lower Mo 800 
Electrode Layer 
First Lower AlSc 1000 
Electrode Layer 

13 Second Upper Mo 5.07 500 0.078 7.4 2.3 
Electrode Layer 
First Upper AlSc 600 
Electrode Layer 
Piezoelectric Layer AlScN 4500 
Second Lower Mo 500 
Electrode Layer 
First Lower AlSc 600 
Electrode Layer 

14 Upper Electrode Mo 4.96 1000 0.086 8.01 1.32 
Piezoelectric Layer AlScN 4500 
Second Lower AlSc 500 
Electrode Layer 
First Lower Mo 500 
Electrode Layer 

15 Second Upper AlSc 5.04 1000 0.061 7.95 1.29 
Electrode Layer 
First Upper Mo 500 
Electrode Layer 
Piezoelectric Layer AlScN 4500 
Second Lower AlSc 1000 
Electrode Layer 
First Lower Mo 500 
Electrode Layer 

10237] FIG. 29 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1600, according to 
another embodiment. 

10238] Referring to FIG. 29, the bulk acoustic wave reso-
nator 1600 may include a substrate 1610, a membrane layer 
1620, a lower electrode 1630, a piezoelectric layer 1640, an 
upper electrode 1650, a passivation layer 1660, and a metal 
pad 1670. 

10239] The substrate 1610 may be a substrate on which 
silicon is stacked. For example, a silicon wafer may be used 
as the substrate 1610. The substrate 1610 may include a 
substrate protective layer 1612 disposed to face a cavity C. 

10240] The substrate protective layer 1612 may prevent 
damage on the substrate 1610 when the cavity C is formed. 

10241] As an example, the substrate protective layer 1612 
may be formed of at least one of silicon dioxide (SiO2), 
silicon nitride (Si3N4), aluminum oxide (A120 2), and alu-
minum nitride (A1N), and may be formed by any one of a 
chemical vapor deposition process, an RF magnetron sput-
tering process, and an evaporation process. 

10242] The membrane layer 1620 may be formed on a 
sacrificial layer (not shown) that is finally removed, and may 
form the cavity C together with the substrate protective layer 
1612 by removing the sacrificial layer. That is, in order to 
form the cavity C, the sacrificial layer (not shown) may be 
formed on the substrate 1610 and may be then removed to 
thereby form the cavity C. A dielectric layer containing any 
one of silicon nitride (Si3N4), silicon oxide (SiO2), manga-
nese oxide (MgO), zirconium oxide (ZrO2), aluminum 
nitride (A1N), lead zirconate titanate (PZT), gallium arsenic 
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(GaAs), hafnium oxide (HfO2), aluminum oxide (A120 3), 
titanium oxide (TiO2), and zinc oxide (ZnO) may be used as 
the membrane layer 1620. 
10243] A seed layer (not shown) formed of aluminum 
nitride (A1N) may be formed on the membrane layer 1620. 
That is, the seed layer may be disposed between the mem-
brane layer 1620 and the lower electrode 1630. The seed 
layer may be formed of a dielectric or a metal having a 
hexagonal close-packed (HCP) crystal structure other than 
aluminum nitride (A1N). As an example, in a case in which 
the seed layer is formed of the metal, the seed layer may be 
formed of titanium (Ti). 
10244] The lower electrode 1630 may be formed on the 
membrane layer 1620. In addition, the lower electrode 1630 
may be used as either one of an input electrode and an output 
electrode that inputs or outputs an electrical signal such as 
a radio frequency (RF) signal or the like. 
10245] The lower electrode 1630 may be formed of, for 
example, an aluminum alloy including scandium (Sc). As 
such, high power reactive sputtering may be increased with 
an increase in mechanical strength. Under such a deposition 
condition, an increase in surface roughness of the lower 
electrode 1630 may be prevented and high orientation 
growth of the piezoelectric layer 1640 may also be induced. 
10246] In addition, since scandium (Sc) is contained in the 
lower electrode 1630, chemical resistance of the lower 
electrode 1630 may be increased, which may thus reduce or 
eliminate a disadvantage caused when the lower electrode is 
formed of pure aluminum. Further, during the manufactur-
ing process, stability of a process such as dry etching or wet 
etching may be provided. Further, in the case in which the 
lower electrode is formed of pure aluminum, oxidation is 
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easily caused, but since the lower electrode 1630 is formed 
of the aluminum alloy including scandium, chemical resis-
tance against oxidation may be increased. 
10247] The piezoelectric layer 1640 may cover at least a 
portion of the lower electrode 1630. The piezoelectric layer 
1640, which is a portion generating a piezoelectric effect that 
converts electric energy into mechanical energy in a form of 
elastic waves, may be formed of any one of aluminum 
nitride (A1N), zinc oxide (ZnO), and lead zirconium titanium 
oxide (PZT; PbZrTiO). In addition, in a case in which the 
piezoelectric layer 1640 is formed of aluminum nitride 
(A1N), the piezoelectric layer 1640 may further include a 
rare earth metal. As an example, the rare earth metal may 
include any one or any combination of any two or more of 
scandium (Sc), erbium (Er), yttrium (Y), and lanthanum 
(La). In addition, as an example, the transition metal may 
include at least one of titanium (Ti), zirconium (Zr), hafnium 
(Hf), tantalum (Ta), and niobium (Nb). In addition, the 
transition metal may also include magnesium (Mg), which is 
a divalent metal. 
10248] The upper electrode 1650 may be formed to at least 
cover a portion of the piezoelectric layer 1640 disposed on 
the cavity C. The upper electrode 1650 may be used as either 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 1630 is used as the input electrode, the upper 
electrode 1650 may be used as the output electrode, and in 
a case in which the lower electrode 1630 is used as the 
output electrode, the upper electrode 1650 may be used as 
the input electrode. 
10249] The upper electrode 1650 may also be formed of an 
aluminum alloy including scandium (Sc), similarly to like 
the lower electrode 1630. 
10250] In addition, the upper electrode 1650 may include 
a frame portion 1652 disposed at an edge of an active area, 
that is, an area in which all of the lower electrode 1630, the 
piezoelectric layer 1640, and the upper electrode 1650 are 
disposed to be overlapped with each other. The frame 
portion 1652 may have a thickness greater than a thickness 
of the remaining portion of the upper electrode 1650. As an 
example, the frame portion 1652 may reflect a lateral wave 
generated during the resonance into the active area to trap 
resonance energy in the active area. 
10251] The passivation layer 1660 may be formed on the 
lower electrode 1630 and a region of the upper electrode 
1650 excluding a portion of the upper electrode 1650. The 
passivation layer 1660 may prevent damage to the upper 
electrode 1650 and the lower electrode 1630 during the 
manufacturing process of the bulk acoustic wave resonator 
1600. 
10252] Further, in order to control a frequency in a final 
process, a thickness of the passivation layer 1660 may be 
controlled by etching. The same material as the material of 
the membrane layer 1620 may be used as a material of the 
passivation layer 1660. As an example, a dielectric layer 
containing any one of manganese oxide (MgO), zirconium 
oxide (ZrO2), aluminum nitride (A1N), lead zirconate titan-
ate (PZT), gallium arsenic (GaAs), hafnium oxide (H102), 
aluminum oxide (A120 3), titanium oxide (TiO2), and zinc 
oxide (ZnO) may be used as the passivation layer 1660. 
10253] In addition, the metal pad 1670 may be formed on 
the lower electrode 1630 and the portion of the upper 
electrode 1650 on which the passivation layer 1660 is not 
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formed. As an example, the metal pad 1670 may be formed 
of a material such as gold (Au), a gold-tin (Au--Sn) alloy, 
copper (Cu), a copper-tin (Cu--Sn) alloy, aluminum (Al), an
aluminum alloy, or the like. For example, the aluminum 
alloy may be an aluminum-germanium (Al--Ge) alloy. 
10254] FIG. 30 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1700, according to 
another embodiment. 
10255] Referring to FIG. 30, the bulk acoustic wave reso-
nator 1700 may include a substrate 1710, a membrane layer 
1720, a lower electrode 1730, a piezoelectric layer 1740, an
upper electrode 1750, a passivation layer 1760, and a metal 
pad 1770. 
10256] The substrate 1710 may be a substrate on which 
silicon is stacked. For example, a silicon wafer may be used 
as the substrate 1710. The substrate 1710 may include a 
groove 1712 for forming a cavity C. 
10257] The groove 1712 may be disposed at the central 
portion of the substrate 1710 and may be disposed below an
active area. The active area is to an area in which the lower 
electrode 1730, the piezoelectric layer 1740, and the upper 
electrode 1750 are all overlapped with each other. 
10258] The membrane layer 1720 may form the cavity C 
together with the substrate 1710. That is, the membrane 
layer 1720 may be formed to cover the groove 1712 of the 
substrate 1710. A dielectric layer containing any one of 
silicon nitride (Si3N4), silicon oxide (5i02), manganese 
oxide (MgO), zirconium oxide (ZrO2), aluminum nitride 
(A1N), lead zirconate titanate (PZT), gallium arsenic 
(GaAs), hafnium oxide (HfO2), aluminum oxide (A120 3), 
titanium oxide (TiO2), and zinc oxide (ZnO) may be used as 
the membrane layer 1720. 
10259] A seed layer (not shown) formed of aluminum 
nitride (A1N) may be formed on the membrane layer 1720. 
That is, the seed layer may be disposed between the mem-
brane layer 1720 and the lower electrode 1730. The seed 
layer may be formed of a dielectric or a metal having a 
hexagonal close-packed (HCP) crystal structure other than 
aluminum nitride (A1N). As an example, in a case in which 
the seed layer is formed of the metal, the seed layer may be 
formed of titanium (Ti). 
10260] The lower electrode 1730 may be formed on the 
membrane layer 1720. In addition, the lower electrode 1730 
may be used as either one of an input electrode and an output 
electrode that inputs or outputs an electrical signal such as 
a radio frequency (RF) signal or the like. 
10261] The lower electrode 1730 may be formed of an
aluminum alloy including scandium (Sc). As such, high 
power reactive sputtering may be increased with an increase 
in mechanical strength. Under such deposition conditions, 
an increase in surface roughness of the lower electrode 1730 
may be prevented and high orientation growth of the piezo-
electric layer 1740 may also be induced. 
10262] In addition, since scandium (Sc) is contained in the 
lower electrode 1730, chemical resistance of the lower 
electrode 1730 may be increased, which may thus reduce or 
eliminate a disadvantage caused when the lower electrode is 
formed of pure aluminum. Further, during the manufactur-
ing process, stability of a process such as dry etching or wet 
etching may be provided. Further, in the case in which the 
lower electrode is formed of pure aluminum, oxidation is 
easily caused, but since the lower electrode 1730 is formed 
of the aluminum alloy including scandium, chemical resis-
tance against oxidation may be increased. 



US 2019/005845 1 Al 
16 

10263] The piezoelectric layer 1740 may cover at least a 
portion of the lower electrode 1730. The piezoelectric layer 
1740, which is a portion generating a piezoelectric effect that 
converts electric energy into mechanical energy in a form of 
elastic wave, may be formed of any one of aluminum nitride 
(A1N), zinc oxide (ZnO), and lead zirconium titanium oxide 
(PZT; PbZrTiO). In addition, in a case in which the piezo-
electric layer 1740 is formed of aluminum nitride (A1N), the 
piezoelectric layer 1640 may further include a rare earth 
metal. As an example, the rare earth metal may include any 
one or any combination of any two or more of one of 
scandium (Sc), erbium (Er), yttrium (Y), and lanthanum 
(La). In addition, as an example, the transition metal may 
include at least one of titanium (Ti), zirconium (Zr), hafnium 
(Hf), tantalum (Ta), and niobium (Nb). In addition, the 
transition metal may also include magnesium (Mg), which is 
a divalent metal. 

10264] The upper electrode 1750 may be formed to at least 
cover a portion of the piezoelectric layer 1740 disposed on 
the cavity C. The upper electrode 1750 may be used as any 
one of an input electrode and an output electrode that inputs 
or outputs an electrical signal such as a radio frequency (RF) 
signal, or the like. That is, in a case in which the lower 
electrode 1730 is used as the input electrode, the upper 
electrode 1750 may be used as the output electrode, and in 
a case in which the lower electrode 1730 is used as the 
output electrode, the upper electrode 1750 may be used as 
the input electrode. 

10265] The upper electrode 1750 may also be formed of an 
aluminum alloy including scandium (Sc), similarly to the 
lower electrode 1730. 

10266] In addition, the upper electrode 1759 may include 
a frame portion 1752 disposed at an edge of the active area. 
The frame portion 1752 may have a thickness greater than 
a thickness of the remaining portion of the upper electrode 
1750. As an example, the frame portion 1752 may reflect a 
lateral wave generated during the resonance into the active 
area to trap resonance energy in the active area. 

10267] The passivation layer 1760 may be formed on the 
lower electrode 1730 and a region of the upper electrode 
except for a portion of the upper electrode 1750. The 
passivation layer 1760 may prevent damage to the upper 
electrode 1750 and the lower electrode 1730 during the 
process. 

10268] Further, in order to control a frequency in a final 
process, a thickness of the passivation layer 1760 may be 
controlled by etching. The same material as the material of 
the membrane layer 1720 may be used as a material of the 
passivation layer 1760. As an example, a dielectric layer 
containing any one of manganese oxide (MgO), zirconium 
oxide (ZrO2), aluminum nitride (A1N), lead zirconate titan-
ate (PZT), gallium arsenic (GaAs), hafnium oxide (H102), 
aluminum oxide (A120 3), titanium oxide (TiO2), and zinc 
oxide (ZnO) may be used as the passivation layer 1760. 

10269] In addition, the metal pad 1770 may be formed on 
the lower electrode 1630 and the portion of the upper 
electrode 1750 on which the passivation layer 1760 is not 
formed. As an example, the metal pad 1770 may be formed 
of a material such as gold (Au), a gold-tin (Au--Sn) alloy, 
copper (Cu), a copper-tin (Cu--Sn) alloy, aluminum (Al), an 
aluminum alloy, or the like. For example, the aluminum 
alloy may be an aluminum-germanium (Al--Ge) alloy. 
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10270] FIG. 31 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1800, according to 
another exemplary embodiment in the present disclosure. 

10271] Referring to FIG. 31, the bulk acoustic wave reso-
nator 1800 may include a substrate 1810, a membrane layer 
1820, a lower electrode 130, a piezoelectric layer 1840, an
upper electrode 1850, a passivation layer 1860, and a metal 
pad 1870. 

10272] The substrate 1810 may be a substrate on which 
silicon is stacked. For example, a silicon wafer may be used 
as the substrate 1810. The substrate 1810 may include a 
reflective layer 1821. 

10273] The reflective layer 1811 may be disposed at the 
central portion of the substrate 1810 and may be disposed 
below an active area. Here, the active area refers to an area 
in which the lower electrode 1830, the piezoelectric layer 
1840, and the upper electrode 1850 are all disposed to be 
overlapped with each other. 

10274] The reflective layer 1811 may include first and 
second reflective members 1812 and 1814 disposed in a 
groove in the substrate 1810. The first and second reflective 
members 1812 and 1814 may be formed of different mate-
rials. 

10275] The first reflective member 1812 may be formed of 
a conductive material such as molybdenum (Mo), or an alloy 
thereof. However, the material of the first reflective member 
1812 is not limited to molybdenum (Mo), and the first 
reflective member 1812 may be formed of ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
aluminum (Al), titanium (Ti), tantalum (Ta), nickel (Ni), 
chromium (Cr), or the like. In addition, a dielectric layer 
containing any one of silicon nitride (Si3N4), silicon oxide 
(5i02), manganese oxide (MgO), zirconium oxide (ZrO2), 
aluminum nitride (A1N), lead zirconate titanate (PZT), gal-
lium arsenic (GaAs), hafnium oxide (HfO2), aluminum 
oxide (A120 3), titanium oxide (TiO2), and zinc oxide (ZnO) 
may be used as the second reflective member 1814. In 
addition, the first and second reflective members 1812 and 
1814 may be formed as a pair, or the first and second 
reflective members 1812 and 1814 may be repeatedly 
formed as a pair. 

10276] The membrane layer 1820 may be formed to cover 
the reflective layer 1811 of the substrate 1810. A dielectric 
layer containing any one of silicon nitride (Si3N4), silicon 
oxide (5i02), manganese oxide (MgO), zirconium oxide 
(ZrO2), aluminum nitride (A1N), lead zirconate titanate 
(PZT), gallium arsenic (GaAs), hafnium oxide (HfO2), alu-
minum oxide (A120 3), titanium oxide (TiO2), and zinc oxide 
(ZnO) may be used as the membrane layer 1820. 

10277] A seed layer (not shown) formed of aluminum 
nitride (A1N) may be formed on the membrane layer 1820. 
That is, the seed layer may be disposed between the mem-
brane layer 1820 and the lower electrode 1830. The seed 
layer may be formed of a dielectric or a metal having a 
hexagonal close-packed (HCP) crystal structure other than 
aluminum nitride (A1N). As an example, in a case in which 
the seed layer is formed of the metal, the seed layer may be 
formed of titanium (Ti). 

10278] The lower electrode 1830 may be formed on the 
membrane layer 1820. In addition, the lower electrode 1830 
may be used as either one of an input electrode and an output 
electrode that inputs or outputs an electrical signal such as 
a radio frequency (RF) signal or the like. 
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10279] The lower electrode 1830 may be formed of, for 
example, an aluminum alloy including scandium (Sc). As 
such, high power reactive sputtering may be increased with 
an increase in mechanical strength. Under such a deposition 
condition, an increase in surface roughness of the lower 
electrode 1830 may be prevented and high orientation 
growth of the piezoelectric layer 1840 may also be induced. 
10280] In addition, since scandium (Sc) is contained in the 
lower electrode 1830, chemical resistance of the lower 
electrode 1830 may be increased, which may thus reduce or 
eliminate a disadvantage caused when the lower electrode is 
formed of pure aluminum. Further, during the manufactur-
ing process, stability of a process such as dry etching or wet 
etching may be provided. Further, in the case in which the 
lower electrode is formed of pure aluminum, oxidation is 
easily caused, but since the lower electrode 1830 is formed 
of the aluminum alloy including scandium, chemical resis-
tance against oxidation may be increased. 
10281] The piezoelectric layer 1840 may cover at least a 
portion of the lower electrode 1830. The piezoelectric layer 
1840, which is a portion generating a piezoelectric effect that 
converts electric energy into mechanical energy in a form of 
elastic wave, may be formed of any one of aluminum nitride 
(A1N), zinc oxide (ZnO), and lead zirconium titanium oxide 
(PZT; PbZrTiO). In particular, in a case in which the 
piezoelectric layer 1840 is formed of aluminum nitride 
(A1N), the piezoelectric layer 1840 may further include a 
rare earth metal. As an example, the rare earth metal may 
include any one or any combination of any two or more of 
scandium (Sc), erbium (Er), yttrium (Y), and lanthanum 
(La). In addition, as an example, the transition metal may 
include any one or any combination of any two or more of 
titanium (Ti), zirconium (Zr), hafnium (Hf), tantalum (Ta), 
and niobium (Nb). In addition, the transition metal may also 
include magnesium (Mg), which is a divalent metal. 
10282] The upper electrode 1850 may be formed to at least 
cover a portion of the piezoelectric layer 1840 disposed on 
the cavity C. The upper electrode 1850 may be used as either 
one of an input electrode and an output electrode that inputs 
and outputs an electrical signal such as a radio frequency 
(RF) signal, or the like. That is, in a case in which the lower 
electrode 1830 is used as the input electrode, the upper 
electrode 1850 may be used as the output electrode, and in 
a case in which the lower electrode 1830 is used as the 
output electrode, the upper electrode 1850 may be used as 
the input electrode. 
10283] The upper electrode 1850 may also be formed of an 
aluminum alloy including scandium (Sc) like the lower 
electrode 1830. 
10284] In addition, the upper electrode 1850 may include 
a frame portion 1852 disposed at an edge of the active area. 
The frame portion 1852 may have a thickness greater than 
the remaining portion of the upper electrode 1850. As an 
example, the frame portion 1852 may reflect a lateral wave 
generated during the resonance into the active area to trap 
resonance energy in the active area. 
10285] The passivation layer 1860 may be formed on the 
lower electrode 1830 and a region of the upper electrode 
1850 except for a portion of the upper electrode 1850. The 
passivation layer 1860 may prevent damage on the upper 
electrode 1850 and the lower electrode 1830 during the 
manufacturing process. 
10286] Further, in order to control a frequency in a final 
process, a thickness of the passivation layer 1860 may be 
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controlled by etching. The same material as the material of 
the membrane layer 1820 may be used as a material of the 
passivation layer 1860. As an example, a dielectric layer 
containing any one of manganese oxide (MgO), zirconium 
oxide (ZrO2), aluminum nitride (A1N), lead zirconate titan-
ate (PZT), gallium arsenic (GaAs), hafnium oxide (HfO2), 
aluminum oxide (A120 3), titanium oxide (TiO2), and zinc 
oxide (ZnO) may be used as the passivation layer 1860. 
10287] In addition, the metal pad 1870 may be formed on 
the lower electrode 1830 and the portion of the upper 
electrode 1850 on which the passivation layer 1860 is not 
formed. As an example, the metal pad 1870 may be formed 
of a material such as gold (Au), a gold-tin (Au--Sn) alloy, 
copper (Cu), a copper-tin (Cu--Sn) alloy, aluminum (Al), an
aluminum alloy, or the like. For example, the aluminum 
alloy may be an aluminum-germanium (Al--Ge) alloy. 
10288] FIG. 32 is a schematic cross-sectional view illus-
trating a bulk acoustic wave resonator 1900, according to 
another embodiment. 
10289] Referring to FIG. 32, the bulk acoustic wave reso-
nator 1900 may include the substrate 1810, the membrane 
layer 1820, a lower electrode 1950, a piezoelectric layer 
1960, an upper electrode 1970, an insertion layer 1980, a 
passivation layer 1990, and a metal pad 1995. 
10290] Since the substrate 1810 and the membrane layer 
1820 included in the bulk acoustic wave resonator 1900 are 
the same components as the corresponding components 
included in the bulk acoustic wave resonator 1800, a detailed 
description of the substrate 1810 and the membrane layer 
1820 will be omitted and will be replaced with the descrip-
tion above. 
10291] In addition, since the lower electrode 1950, the 
piezoelectric layer 1960, the upper electrode 1970, the 
insertion layer 1980, the passivation layer 1990, and the 
metal pad 1995 included in the bulk acoustic wave resonator 
1900 are the same components as the lower electrode 150, 
the piezoelectric layer 160, the upper electrode 170, the 
insertion layer 180, the passivation layer 190, and the metal 
pad 195 included in the bulk acoustic wave resonator 100, 
a detailed description thereof will be omitted and will be 
replaced with the description above. 
10292] The insertion layer 1980 may be disposed between 
the lower electrode 1950 and the piezoelectric layer 1960. 
The insertion layer 1980 may be formed of a dielectric such 
as silicon oxide (5i02), aluminum nitride (A1N), aluminum 
oxide (A120 3), silicon nitride (Si3N4), manganese oxide 
(MgO), zirconium oxide (ZrO2), lead zirconate titanate 
(PZT), gallium arsenide (GaAs), hafnium oxide (HfO2), 
aluminum oxide (A120 3), titanium oxide (TiO2), zinc oxide 
(ZnO), or the like, but may be formed of a material different 
from the piezoelectric layer 1960. In addition, a region in 
which the insertion layer 1980 is formed may also be formed 
as an air space, as needed. This may be implemented by 
removing the insertion layer 1980 during the manufacturing 
process. 
10293] According to the embodiment of FIG. 32, a thick-
ness of the insertion layer 1980 may be the same as or 
similar to a thickness of the lower electrode 1950. In 
addition, the thickness of the insertion layer 1980 may be 
similar to or less than the thickness of the piezoelectric layer 
1960. For example, the insertion layer 1980 may have the 
thickness of 100 A or more, and may have the thickness less 
than the thickness of the piezoelectric layer 1960. However, 
the configuration of the insertion layer 1980, the lower 



US 2019/005845 1 Al 
LEI 

electrode 1950, and the piezoelectric layer 1960 is not 
limited to the foregoing description. 
10294] Since the insertion layer 1980 is the same compo-
nent as the insertion layer 180 included in the bulk acoustic 
wave resonator 100 described above, a detailed description 
thereof will be omitted and will be replaced with the 
description above. 
10295] As set forth above, according to the embodiments 
disclosed herein, the bulk acoustic wave resonator may 
reduce deteriorations in performance in the driving condi-
tion of the high frequency (e.g., 6 GHz) and may be easily 
manufactured. 
10296] According to the disclosed embodiments, when the 
resonator of a band of 4 to 6 GHz is implemented, electrical 
loss may be reduced and crystal orientation of the piezo-
electric layer may be improved. 
10297] 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 
being applicable 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. 

What is claimed is: 
1. A bulk acoustic wave resonator, comprising: 
a substrate; 
a lower electrode disposed on the substrate; 
a piezoelectric layer disposed on the lower electrode; and 
an upper electrode disposed on the piezoelectric layer, 
wherein either one or both of the lower electrode and the 

upper electrode comprises a layer of aluminum alloy 
including scandium (Sc). 

2. The bulk acoustic wave resonator of claim 1, wherein 
both of the lower electrode and the upper electrode comprise 
the layer of aluminum alloy including scandium (Sc). 

3. The bulk acoustic wave resonator of claim 2, wherein 
the upper electrode further comprises a layer formed of any 
one of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr), or an alloy 
including any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr). 

4. The bulk acoustic wave resonator of claim 3, wherein 
the lower electrode further comprises a layer formed of any 
one of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr), or an alloy 
including any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr). 
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5. The bulk acoustic wave resonator of claim 2, wherein 
the lower electrode further includes a layer formed of any 
one molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr), or an alloy 
including any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr). 

6. The bulk acoustic wave resonator of claim 1, wherein 
only the lower electrode comprises the layer of aluminum 
alloy including scandium (Sc), and 

the upper electrode comprises a layer formed of any one 
of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), 
tantalum (Ta), nickel (Ni), and chromium (Cr), or an 
alloy including any one of molybdenum (Mo), ruthe-
nium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), 
and chromium (Cr). 

7. The bulk acoustic wave resonator of claim 6, wherein 
the lower electrode further comprises a layer formed of any 
one of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr), or an alloy 
including any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr). 

8. The bulk acoustic wave resonator of claim 1, wherein 
only the upper electrode comprises the layer of aluminum 
alloy including scandium (Sc), and 

the lower electrode comprises a layer formed of any one 
of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), 
tantalum (Ta), nickel (Ni), and chromium (Cr), or an 
alloy including any one of molybdenum (Mo), ruthe-
nium (Ru), tungsten (W), iridium (Ir), platinum (Pt), 
copper (Cu), titanium (Ti), tantalum (Ta), nickel (Ni), 
and chromium (Cr). 

9. The bulk acoustic wave resonator of claim 8, wherein 
the upper electrode further comprises a layer formed of any 
one of molybdenum (Mo), ruthenium (Ru), tungsten (W), 
iridium (Ir), platinum (Pt), copper (Cu), titanium (Ti), tan-
talum (Ta), nickel (Ni), and chromium (Cr), or an alloy 
including any one of molybdenum (Mo), ruthenium (Ru), 
tungsten (W), iridium (Ir), platinum (Pt), copper (Cu), 
titanium (Ti), tantalum (Ta), nickel (Ni), and chromium (Cr). 

10. The bulk acoustic wave resonator of claim 1, wherein 
a content of scandium (Sc) is 0.1 to 5 at %. 

11. The bulk acoustic wave resonator of claim 1, wherein 
the piezoelectric layer comprises either one of aluminum 
nitride and doped aluminum nitride containing a rare earth 
metal. 

12. The bulk acoustic wave resonator of claim 11, wherein 
the piezoelectric layer comprises the doped aluminum 
nitride containing the rare earth metal, 

the doped aluminum nitride comprises a dopant selected 
from the group consisting of scandium, erbium, 
yttrium, lanthanum, and a metal including a combina-
tion of any two or more of scandium, erbium, yttrium, 
and lanthanum, and 

a content of the dopant is 0.1 to 30 at %. 
13. The bulk acoustic wave resonator of claim 1, further 

comprising an etch stop portion disposed between the sub-
strate and the lower electrode and disposed around a cavity. 
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14. The bulk acoustic wave resonator of claim 1, further 
comprising an insertion layer disposed below a region of a 
portion of the piezoelectric layer. 

15. The bulk acoustic wave resonator of claim 1, wherein 
a cavity is formed in the substrate or on the substrate. 

16. The bulk acoustic wave resonator of claim 1, wherein 
the upper electrode comprises a frame portion disposed at an 
edge of an active area. 

17. The bulk acoustic wave resonator of claim 1, further 
comprising a reflective layer embedded in a groove in the 
substrate, or stacked on the substrate. 

18. The bulk acoustic wave resonator of claim 17, wherein 
the reflective layer comprises a first reflective member and 
a second reflective member disposed on the first reflective 
member, and 

the first and second reflective members are formed as a 
pair or are formed as a plurality of pairs in which the 
first and second reflective members are alternately 
disposed. 

19. A bulk acoustic wave resonator, comprising: 
a lower electrode disposed on a piezoelectric layer; and 
an upper electrode disposed on the piezoelectric layer, 
wherein either one or both of the lower electrode and the 

upper electrode is formed of a material comprising a 
lower acoustic impedance than molybdenum (Mo) and 
a mechanical strength greater than 35 MPa. 

20. The bulk acoustic wave resonator of claim 19, wherein 
the material has higher chemical resistance than aluminum 
(Al). 

21. The bulk acoustic wave resonator of claim 19, wherein 
the material comprises greater galvanic corrosion resistance 
than aluminum as determined in electrolytic solution in 
contact with gold. 
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22. The bulk acoustic wave resonator of claim 19, wherein 
the material is an aluminum (Al) binary alloy. 

23. The bulk acoustic wave resonator of claim 19, wherein 
the piezoelectric layer consists essentially of crystals ori-
ented <1.73° (0002) full width at half maximum (FWHM). 

24. The bulk acoustic wave resonator of claim 19, wherein 
the material consists essentially of crystals oriented <1.13° 
(111) full width at half maximum (FWHM). 

25. The bulk acoustic wave resonator of claim 19, wherein 
the material is formed of an aluminum alloy including 
scandium (Sc). 

26. A bulk acoustic wave resonator, comprising: 
a lower electrode comprising a first lower electrode layer 

disposed on a substrate, and a second lower electrode 
layer disposed on top of the first lower electrode layer; 

a piezoelectric layer disposed on top of the lower elec-
trode; and 

an upper electrode disposed on top of the piezoelectric 
layer, 

wherein one of the first and second lower electrode layers 
is formed of an aluminum alloy including scandium 
(Sc), and the other of the first and second lower 
electrode layers is formed of a material other than the 
aluminum alloy including scandium (Sc). 

27. The bulk acoustic wave resonator of claim 26, wherein 
a content of the scandium (Sc) in the aluminum alloy is 0.1 
to 5 at %. 

28. The bulk acoustic wave resonator of claim 26, wherein 
the upper electrode is formed of molybdenum (Mo). 

29. The bulk acoustic wave resonator of claim 26, wherein 
the upper electrode is formed of the aluminum alloy includ-
ing scandium (Sc). 

* * * * * 
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