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METAL-INSULATOR-METAL (MIM)
CAPACITOR STRUCTURE AND METHOD
FOR FORMING THE SAME

BACKGROUND

[0001] The semiconductor integrated circuit (IC) industry
has experienced rapid growth. Technological advances in IC
materials and design have produced generations of ICs
where each generation has smaller and more complex cir-
cuits than the previous generation. However, these advances
have increased the complexity of processing and manufac-
turing ICs and, for these advances to be realized, similar
developments in IC processing and manufacturing are
needed. In the course of IC evolution, functional density
(i.e., the number of interconnected devices per chip area) has
generally increased while geometric size (i.e., the smallest
component that can be created using a fabrication process)
has decreased.

[0002] One type of capacitor is a metal-insulator-metal
(MIM) capacitor, which is used in mixed signal devices and
logic devices, such as embedded memories and radio fre-
quency devices. Metal-insulator-metal capacitors are used to
store a charge in a variety of semiconductor devices.
Although existing processes for manufacturing metal-insu-
lator-metal capacitors have generally been adequate for their
intended purposes, as device scaling-down continues, they
have not been entirely satisfactory in all respects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Aspects of the present disclosure are best under-
stood from the following detailed description when read
with the accompanying figures. It should be noted that, in
accordance with the standard practice in the industry, vari-
ous features are not drawn to scale. In fact, the dimensions
of the various features may be arbitrarily increased or
reduced for clarity of discussion.

[0004] FIGS. 1A to 1K are cross-sectional views of vari-
ous stages of a process for forming a metal-insulator-metal
(MIM) capacitor structure, in accordance with some
embodiments; and

[0005] FIGS. 2A to 2H are cross-sectional views of vari-
ous stages of a process for forming a metal-insulator-metal
(MIM) capacitor structure, in accordance with some
embodiments.

DETAILED DESCRIPTION

[0006] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows includes embodiments in
which the first and second features are formed in direct
contact, and may also include embodiments in which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. The present disclosure may repeat refer-
ence numerals and/or letters in some various examples. This
repetition is for the purpose of simplicity and clarity and
does not in itself dictate a relationship between some various
embodiments and/or configurations discussed.
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[0007] Furthermore, spatially relative terms, such as
“beneath,” “below,” “lower,” “above,” “upper” and the like,
may be used herein for ease of description to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. The 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. The apparatus may be otherwise
oriented (rotated 90 degrees or at other orientations) and the
spatially relative descriptors used herein may likewise be
interpreted accordingly.

[0008] Someembodiments of the disclosure are described.
Additional operations can be provided before, during, and/or
after the stages described in these embodiments. Some of the
stages that are described can be replaced or eliminated for
different embodiments. Additional features can be added to
the semiconductor device structure. Some of the features
described below can be replaced or eliminated for different
embodiments. Although some embodiments are discussed
with operations performed in a particular order, these opera-
tions may be performed in another logical order.

[0009] FIGS. 1A to 1K are cross-sectional views of vari-
ous stages of a process for forming a metal-insulator-metal
(MIM) capacitor structure 500A, in accordance with some
embodiments. As shown in FIG. 1A, a substrate 200 is
received in accordance with some embodiments. The sub-
strate 200 may include a capacitor region 300 and a non-
capacitor region 310 adjacent to the capacitor region 300.
The capacitor region 300 is configured to provide metal-
insulator-metal (MIM) capacitors formed thereon by in a
back-end-of-line (BEOL) process. In addition, and the non-
capacitor region 310 is configured to provide device ele-
ments (not shown) formed thereon. For example, the device
elements include transistors (e.g., metal oxide semiconduc-
tor field effect transistors (MOSFET), complementary metal
oxide semiconductor (CMOS) transistors, bipolar junction
transistors (BJT), high voltage transistors, high frequency
transistors, p-channel and/or n channel field effect transistors
(PFETs/NFETs), etc.), diodes, and/or other applicable ele-
ments. In some embodiments, the device elements are
formed in the substrate 200 in a front-end-of-line (FEOL)
process.

[0010] In some embodiments, the substrate 200 may be a
semiconductor substrate, such as a bulk semiconductor, a
semiconductor-on-insulator (SOI) substrate, or the like,
which may be doped (e.g. with a P-type or an N-type dopant)
or undoped. The substrate 200 may be a wafer, such as a
silicon wafer. Generally, an SOI substrate includes a layer of
a semiconductor material formed on an insulator layer. The
insulator layer may be, for example, a buried oxide (BOX)
layer, a silicon oxide layer, or the like. The insulator layer is
provided on a substrate, typically a silicon or glass substrate.
Other substrates, such as a multi-layered or gradient sub-
strate may also be used. In some embodiments, the semi-
conductor material of the substrate 200 may include silicon;
germanium; a compound semiconductor including silicon
carbide, gallium arsenic, gallium phosphide, indium phos-
phide, indium arsenide, and/or indium antimonide; an alloy
semiconductor including SiGe, GaAsP, AllnAs, AlGaAs,
GalnAs, GalnP, and/or GalnAsP; or combinations thereof.
The substrate 200 may further include isolation features (not
shown), such as shallow trench isolation (STI) features or
local oxidation of silicon (LOCOS) features. Isolation fea-
tures may surround and isolate various device elements.



US 2019/0131385 Al

[0011] As shown in FIG. 1A, an interconnect structure 209
is formed over the substrate 200. The interconnect structure
209 may include dielectric layers 202, 206 and 210, etch
stop layers 204 and 208 and top metal lines 213. The
dielectric layers 202, 206 and 210 and the etch stop layers
204 and 208 may be formed one over another in an alter-
nating fashion. In addition, the interconnect structure 209
may include metal lines (not shown) and vias (not shown)
formed embedded in the dielectric layers 202 and 206.
Furthermore, the interconnect structure 209 may include top
metal lines 213 formed in the dielectric layer 202 close to a
top surface 215 of the interconnect structure 209. The
interconnect structure 209 may be formed in the back-end-
of-line (BEOL) process.

[0012] In some embodiments, the dielectric layers 202,
206 and 210 are made of un-doped silicate glass (USG),
fluorinated silicate glass (FSG), carbon-doped silicate glass,
silicon oxide, silicon nitride or silicon oxynitride. In some
embodiments, the dielectric layers 202, 206 and 210 are
formed by a chemical vapor deposition (CVD) process, a
spin-on process, a sputtering process, or a combination
thereof.

[0013] Insome embodiments, the etch stop layers 204 and
208 are made of silicon carbide (SiC), silicon nitride
(SixNy), silicon carbonitride (SiCN), silicon oxycarbide
(Si0C), silicon oxycarbon nitride (SIOCN), tetracthoxysi-
lane (TEOS) or another applicable material. In some
embodiments, the etch stop layers 204 and 208 are formed
by performing a plasma enhanced chemical vapor deposition
(CVD) process, a low pressure CVD process, an atomic
layer deposition (ALD) process, or another applicable pro-
cess.

[0014] In some embodiments, the thickness of the dielec-
tric layer 210 is greater than the thicknesses of the dielectric
layers 202 and 206. For example, the thickness of the
dielectric layer 202 is in a range from about 1500 A to about
2500 A (e.g. about 2000 A ), the thickness of the dielectric
layer 206 is in a range from about 5000 A to about 7000 A
(e.g. about 6200 A), and the thickness of the dielectric layer
210 is in a range from about 8000 A to about 10000 A (e.g.
about 9000 A).

[0015] In some embodiments, each of the top metal lines
213 includes a barrier layer 212 and a metal material 214
over the barrier layer 212. The barrier layer 212 may be
configured to separate the metal material 214 from the
dielectric layer 210. For example, the barrier layer 212 may
be made of titanium (T1), titanium alloy, tantalum (Ta) or
tantalum alloy. For example, the barrier layer 212 may be
made of tantalum nitride (TaN). The metal material 214 may
be made of a conductive material, such as copper (Cuw),
aluminum (Al), tungsten (W), or another applicable mate-
rial. In some embodiments, the top metal lines 213 are
formed by performing a deposition process (e.g. a physical
vapor deposition (PVD) process, an atomic layer deposition
(ALD) process, or another applicable process) and a subse-
quent planarization process (e.g. an etch-back process and/or
a chemical mechanical polishing (CMP) process).

[0016] After the interconnect structure 209 is formed, an
etch stop layer 216 and a dielectric layer 218 are formed
over the interconnect structure 209 in sequence. Some
materials and processes used to form the etch stop layer 216
may be similar to, or the same as, those used to form the first
etch stop layers 204 and 208 and are not repeated herein.
Some materials and processes used to form the dielectric
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layer 218 may be similar to, or the same as, those used to
form the dielectric layers 202, 206 and 210 and are not
repeated herein. In some embodiments, the thickness of the
dielectric layer 218 is in a range from about 3000 A to about
5000 A, such as about 4000A.

[0017] Afterwards, a bottom electrode layer 220 is formed
over the substrate 200, as shown in FIG. 1A in accordance
with some embodiments. The bottom electrode layer 220
may be formed covering the dielectric layer 218 in the
capacitor region 300 of the substrate 200. In other words, the
bottom electrode layer 220 may be formed without covering
the non-capacitor region 310 of the substrate 200. In addi-
tion, the bottom electrode layer 220 may overlap at least one
of the top metal lines 213 (e.g. the rightmost one of the top
metal lines 213) in the capacitor region 300 of the substrate
200.

[0018] In some embodiments, the bottom electrode layer
220 is made of metals. In some embodiments, the bottom
electrode layer 220 is made of aluminum, copper, tungsten,
titanium, tantalum, titanium nitride, tantalum nitride, or
another applicable material. In some embodiments, the
bottom electrode layer 220 is formed by performing a
deposition process (e.g. a CVD process, a physical vapor
deposition (PVD) process or an atomic layer deposition
(ALD) process) and a subsequent patterning process (e.g. a
photolithography process and a subsequent etching process).
[0019] After the bottom electrode layer 220 is formed, a
dielectric spacer layer 226 is formed over a top surface 222
and the opposite sidewalls 223 of the bottom electrode layer
220, as shown in FIG. 1B in accordance with some embodi-
ments. The dielectric spacer layer 226 is conformally formed
on the bottom electrode layer 220 and the dielectric layer
218 in the capacitor region 300 and the non-capacitor region
310 of the substrate 200.

[0020] In some embodiments, the dielectric spacer layer
226 includes a single layer structure or a multi-layer struc-
ture. The dielectric spacer layer 226 may be made of low
dielectric constant (low-k) materials (e.g. k<5), such as
silicon nitride (SiN), silicon oxide (Si0,), silicon oxynitride
(SiON), silicon carbide (SiC), silicon carbonitride (SiCN),
another suitable material, or a combination thereof. The
dielectric spacer layer 226 may be deposited using a chemi-
cal vapor deposition (CVD) process, a physical vapor depo-
sition (PVD) process, a spin-on process, another applicable
process, or a combination thereof. In some embodiments,
the bottom electrode layer 220 has a thickness T1 and the
dielectric spacer layer 226 has a thickness T2. For example,
the thickness T1 of the bottom electrode layer 220 may be
equal to the thickness T2 of the dielectric spacer layer 226.
[0021] After the dielectric spacer layer 226 is formed, a
portion of the dielectric spacer layer 226 over the top surface
222 of the bottom electrode layer 220 is removed to form
dielectric spacers 228, as shown in FIG. 1C in accordance
with some embodiments. The dielectric spacers 228 may be
formed on the opposite sidewalls 223 of the bottom elec-
trode layer 220 by an etching process (not shown). The
dielectric spacers 228 may be formed extending over a
portion of the dielectric layer 218 in the capacitor region 300
of the substrate 200. The dielectric spacers 228 may be
sector-shaped in the cross-sectional view shown in FIG. 1C.
In some embodiments, the dielectric spacers 228 are formed
by an etching process including a dry etch process.

[0022] After the dielectric spacers 228 are formed, a
dielectric layer 230 is formed over the bottom electrode
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layer 220, as shown in FIG. 1D in accordance with some
embodiments. The dielectric layer 230 may be conformally
formed on the bottom electrode layer 220 and the dielectric
spacers 228. The dielectric layer 230 may be formed extend-
ing over the dielectric layer 218 in the capacitor region 300
and the non-capacitor region 310 of the substrate 200. In
some embodiments, each of the dielectric spacers 228 is in
contact with the dielectric layer 218, the dielectric layer 230
and the bottom electrode layer 220. More specifically, the
dielectric layer 218 is in contact with a surface 228-1 of each
of the dielectric spacers 228, the bottom electrode layer 220
is in contact with a surface 228-2 of each of the dielectric
spacers 228, the dielectric layer 230 is in contact with a
surface 228-3 of each of the dielectric spacers 228.

[0023] In some embodiments, the dielectric layer 230 is
made of a high dielectric constant (high-k) dielectric mate-
rials (e.g. the dielectric constant (k) is in a range from about
10 to about 20) including oxides of Li, Be, Mg, Ca, Sr, Sc,
Y, Zr, Hf, Al, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er,
Tm, Yb, Lu, or another applicable material. Therefore, the
dielectric spacers 228 and the dielectric layer 230 are formed
of different dielectric materials. The dielectric constant of
the dielectric spacers 228 may be different from the dielec-
tric constant of the dielectric layer 230. For example, the
dielectric constant of the dielectric spacers 228 is lower than
the dielectric constant of the dielectric layer 230. The
difference between the dielectric constants of the dielectric
spacers 228 and the dielectric layer 230 may be equal to or
greater than 5.

[0024] In some embodiments, the dielectric layer 230 is
formed by performing a plasma enhanced chemical vapor
deposition (CVD) process, a low pressure CVD process, an
atomic layer deposition (ALD) process, a molecular beam
deposition (MBD) or another applicable process.

[0025] After the dielectric layer 230 is formed, a middle
electrode layer 232 is formed over the dielectric layer 230,
as shown in FIG. 1E in accordance with some embodiments.
In some embodiments, the middle electrode layer 232 par-
tially overlaps the bottom electrode layer 220. The dielectric
layer 230 may be positioned between the bottom electrode
layer 220 and the middle electrode layer 232. The sidewall
223 of the bottom electrode layer 220 may be separated from
the middle electrode layer 232 by the dielectric layer 230
and the dielectric spacer 228. In addition, the middle elec-
trode layer 232 may overlap at least one of the top metal
lines 213 (e.g. the middle one of the top metal lines 213).
The materials, configurations, structures and/or processes of
the middle electrode layer 232 may be similar to, or the same
as, those of the bottom electrode layer 220, and the details
thereof are not repeated herein.

[0026] After the middle electrode layer 232 is formed, the
dielectric spacers 238 are formed on opposite sidewalls 235
of the middle electrode layer 232, as shown in FIG. 1F in
accordance with some embodiments. The dielectric spacers
238 may be formed extending over the dielectric layer 218
the dielectric layer 230 in the capacitor region 300 of the
substrate 200. The materials, configurations, structures and/
or processes of the dielectric spacers 238 may be similar to,
or the same as, those of the dielectric spacers 228, and the
details thereof are not repeated herein.

[0027] After the dielectric spacers 238 are formed, a
dielectric layer 240 is formed over the middle electrode
layer 232, as shown in FIG. 1G in accordance with some
embodiments. The dielectric layer 240 may be conformally
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formed on the bottom electrode layer 220, the dielectric
spacers 228, the middle electrode layer 232 and the dielec-
tric spacers 238. The dielectric layer 230 may be formed
extending over the dielectric layer 218 in the capacitor
region 300 and the non-capacitor region 310 of the substrate
200.

[0028] In some embodiments, each of the dielectric spac-
ers 238 is in contact with the dielectric layer 230, the
dielectric layer 240 and the middle electrode layer 232.
More specifically, the dielectric layer 230 is in contact with
a surface 238-1 of each of the dielectric spacers 238, the
middle electrode layer 232 is in contact with a surface 238-2
of each of the dielectric spacers 238, the dielectric layer 240
is in contact with a surface 238-3 of each of the dielectric
spacers 238.

[0029] After the diclectric layer 240 is formed, a top
electrode layer 242 is formed over the dielectric layer 240,
as shown in FIG. 1H in accordance with some embodiments.
In some embodiments, the top electrode layer 242 partially
overlaps the middle electrode layer 232. The top electrode
layer 242 may fully overlap the bottom electrode layer 220.
Therefore, sidewalls 245 of the top electrode layer 242 may
be aligned with the corresponding sidewalls 223 of the
bottom electrode layer 220. In other words, the bottom
electrode layer 220, the middle electrode layer 232 and the
top electrode layer 242 may substantially be arranged in a
staggered arrangement along the normal line of a top surface
201 of the substrate 200. In addition, the top electrode layer
242 may overlap at least one of the top metal lines 213 (e.g.
the rightmost one of the top metal lines 213).

[0030] As shown in FIG. 1H, the dielectric layer 240 may
be positioned between the middle electrode layer 232 and
the top electrode layer 242. The sidewalls 223 of the bottom
electrode layer 220 may be separated from the top electrode
layer 242 by the dielectric layer 230, the dielectric layer 240
and the dielectric spacers 228. The sidewall 235 of the
middle electrode layer 232 may be separated from the top
electrode layer 242 by the dielectric layer 240 and the
dielectric spacer 238. In some embodiments, there are no
dielectric spacers formed on sidewalls 245 of the top elec-
trode layer 242.

[0031] The materials, configurations, structures and/or
processes of the top electrode layer 242 may be similar to,
or the same as, those of the bottom electrode layer 220 and
the middle electrode layer 232, and the details thereof are
not repeated herein.

[0032] After the top electrode layer 242 is formed, a
dielectric layer 246 is formed covering the bottom electrode
layer 220, the middle electrode layer 232, the top electrode
layer 242, the dielectric layer 230 the dielectric layer 240,
the dielectric spacers 228 and the dielectric spacers 238, as
shown in FIG. 11 in accordance with some embodiments. In
some embodiments, the dielectric constant of the dielectric
layer 246 is similar to or the same as the dielectric constant
of the dielectric layer 218. Therefore, the dielectric constant
of the dielectric layer 246 may be lower than the dielectric
constants of the high-k dielectric layers 230 and 240 and the
low-k dielectric spacers 228 and 238.

[0033] The materials, configurations, structures and/or
processes of the dielectric layer 246 may be similar to, or the
same as, those of the dielectric layer 218, and the details
thereof are not repeated herein. In some embodiments, the
thickness of the dielectric layer 246 is greater than or equal
to the thicknesses of the dielectric layer 218. For example,
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the thickness of the dielectric layer 218 is in a range from
about 3000A to about 5000 A, and the thickness of the
dielectric layer 246 is in a range from about 3500 A to about
5500 A. For example, the thickness of the dielectric layer
218 is about 4000 A, and the thickness of the dielectric layer
246 is about 4500 A.

[0034] After the dielectric layer 246 is formed, redistri-
bution layer (RDL) structures 250A, 250B and 250C are
formed on the dielectric layer 246, as shown in FIG. 1J in
accordance with some embodiments. The RDL structures
250A, 250B and 250C are formed passing through through
the dielectric layers 218 and 246 and the etch stop layer 216.
In addition, the RDL structures 250A, 250B and 250C are in
contact with the corresponding top metal lines 213. More
specifically, the RDL structure 250A may be formed passing
through the bottom electrode layer 220, the top electrode
layer 242, the dielectric layer 230 the dielectric layer 240
and electrically connected to the rightmost top metal line
213 in the capacitor region 300 of the substrate 200, as
shown in FIG. 1J. The RDL structure 2508 may be formed
passing through the middle electrode layer 232, the dielec-
tric layer 230 the dielectric layer 240 and electrically con-
nected to the middle top metal line 213 in the capacitor
region 300 of the substrate 200, as shown in FIG. 1J.
Therefore, the RDL structure 250A is electrically connected
to the bottom electrode layer 220 and the top electrode layer
242 of the resulting MIM capacitor structure 500A. The
RDL structure 250B is electrically connected to the middle
electrode layer 232 of the resulting MIM capacitor structure
500A. In addition, the RDL structure 250C may be formed
passing through the dielectric layer 230 the dielectric layer
240 in the non-capacitor region 310 of the substrate 200, as
shown in FIG. 1]J.

[0035] In some embodiments, portions of the RDL struc-
tures 250A, 250B and 250C passing through the dielectric
layers 218 and 246 and the etch stop layer 216 serve as via
portions of the RDL structures 250A, 250B and 250C. In
addition, portions of the RDL structures 250A, 250B and
250C above the dielectric layer 246 may serve as RDL
portions of the RDL structures 250A, 250B and 250C.
[0036] In some embodiments, the RDL structure 250A
includes a barrier layer 252 A and a metal material 254 A over
the barrier layer 252A. Similarly, the RDL structure 2508
may include a barrier layer 252B and a metal material 254B
over the barrier layer 252B. The RDL structure 250C may
include a barrier layer 252C and a metal material 254C over
the barrier layer 252C. The materials, configurations, struc-
tures and/or processes of the barrier layers 252A, 252B and
252C may be similar to, or the same as, those of the barrier
layer 212, and the details thereof are not repeated herein.
The materials, configurations, structures and/or processes of
the metal materials 254 A, 254B and 254C may be similar to,
or the same as, those of the metal material 214, and the
details thereof are not repeated herein.

[0037] After the RDL structures 250A, 250B and 250C are
formed, a passivation layer structure 260 is formed over the
RDL structures 250A, 250B and 250C, as shown in FIG. 1K
in accordance with some embodiments. In some embodi-
ments, the passivation layer structure 260 includes a first
passivation layer 256 and a second passivation layer 258 on
the first passivation layer 256. In addition, the passivation
layer structure 260 may have openings 264A, 264B and
264C respectively on the RDL structures 250A, 250B and
250C. Therefore, portions of the RDL structures 250A,
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250B and 250C are respectively exposed from the openings
264A, 264B and 264C. The exposed portions of the RDL
structures 250A, 250B and 250C may serve as pad portions
of the resulting MIM capacitor structure 500A.

[0038] In some embodiments, the first passivation layer
256 and the second passivation layer 258 of the passivation
layer structure 260 are formed of different dielectric mate-
rials. For example, the first passivation layer 256 may be
formed of un-doped silicate glass (USG), and the layer may
be formed of silicon nitride (SiN). The passivation layer
structure 260 may be formed by a deposition process (e.g. a
CVD process, a spin-on process, a sputtering process, or a
combination thereof) and a subsequent patterning process
(e.g. a photolithography process and a subsequent etching
process). In some embodiments, the thickness of the first
passivation layer 256 is greater than the thickness of the
second passivation layer 258. For example, the thickness of
the first passivation layer 256 is in a range from about 10000
A to about 14000 A (e.g. about 12000 A), and the thickness
of the second passivation layer 258 is in a range from about
6000 A to about 8000 A (e.g. about 7000 A).

[0039] After the aforementioned processes are performed,
a metal-insulator-metal (MIM) capacitor structure 500 A is
formed, as shown in FIG. 1K in accordance with some
embodiments.

[0040] Inthe MIM capacitor structure 500A, the dielectric
spacer 228 and the dielectric layer 230 covering the dielec-
tric spacer 228 may collectively serve as a dielectric com-
posite structure 231 between the bottom electrode layer 220
and the middle electrode layer 232. The dielectric layer 230
may serve as a first portion of the dielectric composite
structure 231 having a first dielectric constant. Each of the
dielectric spacers 228 may serve as a second portion of the
dielectric composite structure 231 having a second dielectric
constant that is lower than the first dielectric constant. In
addition, the dielectric constant of the dielectric layer 246 is
lower than the dielectric constants of the first portion (i.e. the
dielectric layer 230) and the second portion (i.e. the dielec-
tric spacer 228) of the dielectric composite structure 231.

[0041] In the MIM capacitor structure 500A, the top
surface 222 of the bottom electrode layer 220 is separated
from the middle electrode layer 232 by the first portion (i.e.
the dielectric layer 230) of the dielectric composite structure
231. The sidewall 223 of the bottom electrode layer 220 is
separated from the middle electrode layer 232 by the second
portion (i.e. the dielectric spacer 228) of the dielectric
composite structure 231.

[0042] In the MIM capacitor structure 500A, the first
portion (i.e. the dielectric layer 230) of the dielectric com-
posite structure 231 and the bottom electrode layer 220 are
in contact with different surfaces 228-2 and 228-3 of the
second portion (i.e. the dielectric spacer 228) of the dielec-
tric composite structure 231.

[0043] Inthe MIM capacitor structure 500A, the dielectric
spacer 238 and the dielectric layer 240 covering the dielec-
tric spacer 238 may collectively serve as a dielectric com-
posite structure 241 between the middle electrode layer 232
and the top electrode layer 242. The dielectric layer 240 may
serve as a third portion of the dielectric composite structure
241 having the first dielectric constant. Each of the dielectric
spacer 238 may serve as a fourth portion of the dielectric
composite structure 241 having the second dielectric con-
stant that is lower than the first dielectric constant.
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[0044] In the MIM capacitor structure 500A, the top
surface 234 of the middle electrode layer 232 is separated
from the top electrode layer 242 by the third portion (i.e. the
dielectric layer 240) of the dielectric composite structure
241. The sidewall 235 of the middle electrode layer 232 is
separated from the top electrode layer 242 by the fourth
portion (i.e. the dielectric spacer 238) of the dielectric
composite structure 241.

[0045] In the MIM capacitor structure 500A, the third
portion (i.e. the dielectric layer 240) of the dielectric com-
posite structure 241 and the middle electrode layer 232 are
in contact with the different surfaces 238-2 and 238-3 of the
fourth portion (i.e. the dielectric spacer 238) of the dielectric
composite structure 241.

[0046] Insome embodiments, the MIM capacitor structure
500A uses the low-k (e.g. k<5) dielectric spacers (e.g. the
dielectric spacers 228 and 238) formed on the sidewalls 223
of the bottom electrode layer 220 and the sidewalls 235 of
the middle electrode layer 232 partially overlapping the
underlying bottom electrode layer 220. The dielectric spac-
ers are sector-shaped in the cross-sectional view shown in
FIG. 1K. Therefore, the top surface of the bottom/middle
electrode layer and the outer sidewall (e.g. the surfaces
228-3 and 238-3) of the corresponding dielectric spacers
may form a rounded corner for the high-k (e.g. 10=k<23)
dielectric layer (e.g. the dielectric layers 230 and 240)
directly formed thereon. The sector-shaped dielectric spac-
ers may enlarge the distance between the sidewalls of the
bottom/middle electrode layer and the corresponding high-k
dielectric layer. In addition, the dielectric spacers can pre-
vent a charge from concentrating in the high-k dielectric
layer at the (sharp) corner between the top surface and the
sidewall of the corresponding bottom/middle electrode
layer. The portion of the high-k dielectric layer close to the
corner of the underlying bottom/middle electrode layer may
have an improved film quality. Therefore, the reliability
problem of the MIM capacitor structure resulting from the
charge that accumulates in the corner of the bottom/middle
electrode layer can be avoided. Therefore, the MIM capaci-
tor structure may have high capacitance value by thinning
down the high-k dielectric layer without lowering the break-
down voltage of the MIM capacitor structure. The leakage
problem of the MIM capacitor structure can also be elimi-
nated.

[0047] FIGS. 2A to 2H are cross-sectional views of vari-
ous stages of a process for forming a metal-insulator-metal
(MIM) capacitor structure 500B, in accordance with some
embodiments. The materials, configurations, structures and/
or processes employed in FIGS. 1A to 1K may be utilized in
the following embodiment and the details thereof may be
omitted.

[0048] After the interconnect structure 209, the etch stop
layer 216 and the dielectric layer 218 are formed over the
substrate 200, a bottom electrode layer 319 and a dielectric
layer 329 are formed over the dielectric layer 218 in
sequence, as shown in FIG. 2A in accordance with some
embodiments. The materials, configurations and/or struc-
tures of the bottom electrode layer 319 may be similar to, or
the same as, those of the bottom electrode layer 220, and the
details thereof are not repeated herein. The position, mate-
rials, configurations, structures and/or processes of the
dielectric layer 329 may be similar to, or the same as, those
of the dielectric layer 230, and the details thereof are not
repeated herein.
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[0049] Afterwards, the bottom electrode layer 319 and the
dielectric layer 329 in the non-capacitor region 310 are
removed in a single patterning process to form a bottom
electrode layer 320 and a dielectric layer 330, as shown in
FIG. 2B in accordance with some embodiments. The posi-
tion of the bottom electrode layer 320 may be similar to, or
the same as, those of the bottom electrode layer 220. In some
embodiments, opposite sidewalls 343 of the dielectric layer
330 are respectively aligned with corresponding opposite
sidewalls 323 of the bottom electrode layer 320. In addition,
the dielectric layer 330 is formed covering the capacitor
region 300 without extending to cover the non-capacitor
region 310 of the substrate 200. The patterning process may
include a photolithography process and a subsequent etching
process (e.g. a dry etching process).

[0050] Afterwards, a dielectric spacer layer 326 is formed
over a top surface 327 and the opposite sidewalls 343 of the
dielectric layer 330, a top surface 322 and the opposite
sidewalls 323 of the bottom electrode layer 320, as shown in
FIG. 2C in accordance with some embodiments. The posi-
tion, materials, configurations, structures and/or processes of
the dielectric spacer layer 326 may be similar to, or the same
as, those of the dielectric layer 226, and the details thereof
are not repeated herein.

[0051] In some embodiments, the bottom electrode layer
320 has a thickness T1, the dielectric layer 330 has a
thickness T3 and the dielectric spacer layer 326 has a
thickness T4. For example, the thickness T1 of the bottom
electrode layer 320 may be equal to the thickness T3 of the
dielectric layer 330. In addition, the thickness T4 of the
dielectric spacer layer 326 may be equal to the total thick-
ness of the bottom electrode layer 320 and the dielectric
layer 330 (i.e. T4=T1+T3).

[0052] Afterwards, a portion of the dielectric spacer layer
326 the top surface 327 of the dielectric layer 330 (and over
the top surface 322 of the bottom electrode layer 320) is
removed to form dielectric spacers 328, as shown in FIG. 2D
in accordance with some embodiments. The dielectric spac-
ers 328 are formed on the opposite sidewalls 323 of the
bottom electrode layer 320 and the opposite sidewalls 343 of
the dielectric layer 330. The materials, configurations, struc-
tures and/or processes of the dielectric spacers 328 may be
similar to, or the same as, those of the dielectric spacers 228,
and the details thereof are not repeated herein.

[0053] Afterwards, a middle electrode layer 331 and a
dielectric layer 339 are formed over the dielectric layers 218
and 330 in sequence, as shown in FIG. 2D in accordance
with some embodiments. The materials, configurations and/
or structures of the middle electrode layer 331 may be
similar to, or the same as, those of the middle electrode layer
320, and the details thereof are not repeated herein. The
position, materials, configurations, structures and/or pro-
cesses of the dielectric layer 339 may be similar to, or the
same as, those of the dielectric layer 240, and the details
thereof are not repeated herein.

[0054] Afterwards, the middle electrode layer 331 and the
dielectric layer 339 in the non-capacitor region 310 are
removed by a single patterning process to form a middle
electrode layer 332 and a dielectric layer 340, as shown in
FIG. 2E in accordance with some embodiments. The posi-
tion and/or processes of the middle electrode layer 332 may
be similar to, or the same as, those of the middle electrode
layer 232, and the details thereof are not repeated herein. In
some embodiments, opposite sidewalls 343 of the dielectric
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layer 340 are respectively aligned with corresponding oppo-
site sidewalls 335 of the middle electrode layer 332. The
dielectric layer 340 is formed covering the capacitor region
300 without extending to cover the non-capacitor region 310
of'the substrate 200. In addition, the dielectric layer 340 may
partially overlap the dielectric layer 330.

[0055] Insome embodiments, the dielectric layer 218 is in
contact with a surface 328-1 of each of the dielectric spacers
328. The bottom electrode layer 320 and the dielectric layer
330 are both in contact with a surface 328-2 of each of the
dielectric spacers 328. The middle electrode layer 332 is in
contact with a surface 328-3 of the left dielectric spacer 328.
[0056] Afterwards, dielectric spacers 338 are formed on
the opposite sidewalls 335 of the middle electrode layer 332
and the opposite sidewalls 343 of the dielectric layer 340, as
shown in FIG. 2F in accordance with some embodiments.

[0057] The dielectric spacers 338 are formed by a depo-
sition process and a subsequent etching process. The depo-
sition process is performed to deposit a dielectric spacer
layer (not shown) over a top surface 334 and the opposite
sidewalls 335 of the middle electrode layer 332 and a top
surface 341 and the opposite sidewalls 343 of the dielectric
layer 340. The etching process is performed to remove a
portion of the dielectric spacer layer over the top surface 334
of the middle electrode layer 332 and the top surface 341 of
the dielectric layer 340.

[0058] Afterwards, a top electrode layer 342 is formed
over the dielectric layer 340, as shown in FIG. 2G in
accordance with some embodiments. The position, materi-
als, configurations, structures and/or processes of the top
electrode layer 342 may be similar to, or the same as, those
of'the top electrode layer 242, and the details thereof are not
repeated herein.

[0059] Afterwards, the dielectric layer 246 is formed cov-
ering the bottom electrode layer 320, the middle electrode
layer 332, the top electrode layer 342, the dielectric layer
230 the dielectric layer 340, the dielectric spacers 328 and
the dielectric spacers 338, as shown in FIG. 2H in accor-
dance with some embodiments.

[0060] Insome embodiments, the dielectric layer 218 is in
contact with a surface 338-1 of the left dielectric spacer 338.
Therefore, the bottom (i.e. the surface 338-1) of the left
dielectric spacer 338 is aligned with the bottoms (i.e. the
surfaces 328-1) of the dielectric spacers 328. The top surface
327 of the dielectric layer 330 may be in contact with the
surface 338-1 of the right dielectric spacer 338. The middle
electrode layer 332 and the dielectric layer 340 may both be
in contact with a surface 338-2 of each of the dielectric
spacers 338. In addition, the dielectric layer 246 is in contact
with a surface 338-3 of the left dielectric spacer 338. The top
electrode layer 342 may be in contact with the surface 338-3
of the right dielectric spacer 338.

[0061] Afterwards, the RDL structures 250A, 250B and
250C are formed through the dielectric layers 218 and 246
to electrically connect to the top metal lines 213. It should
be noted that the RDL structure 250C is formed without
passing through the dielectric layers 330 and 340. After-
wards, the passivation layer structure 260 is formed over the
RDL structures 250A, 2508 and 250C. After the aforemen-
tioned processes are performed, a metal-insulator-metal
(MIM) capacitor structure 500B is formed, as shown in FIG.
2H in accordance with some embodiments.

[0062] Inthe MIM capacitor structure 500B, the dielectric
spacer 328 and the dielectric layer 330 adjacent to the
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dielectric spacer 328 may collectively serve as a dielectric
composite structure 431 between the bottom electrode layer
320 and the middle electrode layer 332. The dielectric layer
330 may serve as a first portion of the dielectric composite
structure 431 having a first dielectric constant. Each of the
dielectric spacer 328 may serve as a second portion of the
dielectric composite structure 431 having a second dielectric
constant that is lower than the first dielectric constant.
[0063] Some of the advantages of the MIM capacitor
structure 500B may be similar to the advantages of the MIM
capacitor structure 500A. In addition, the bottom/middle
electrode layer and the corresponding high-k dielectric layer
of the MIM capacitor structure 500B are patterned using a
single pattering process. The dielectric spacers are formed
on the sidewalls of the bottom/middle electrode layer and
the corresponding high-k dielectric layer. The high-k dielec-
tric layer does not wrap the (sharp) corner between the top
surface and the sidewall of the underlying bottom/middle
electrode layer. Therefore, the problems with the MIM
capacitor structure’s reliability resulting from the charge that
accumulates in the corner of the bottom/middle electrode
layer can be avoided. Therefore, the MIM capacitor struc-
ture may have high capacitance value by thinning down the
high-k dielectric layer without lowering the breakdown
voltage of the MIM capacitor structure. The leakage prob-
lem of the MIM capacitor structure can also be eliminated.
[0064] Embodiments of a metal-insulator-metal (MIM)
capacitor structure (e.g. the MIM capacitor structures 500A
and 500B) and a method for forming the MIM capacitor
structure are provided. The MIM capacitor structure
includes a substrate 200, a bottom electrode layer (e.g. the
bottom electrode layers 220 and 320), a first dielectric layer
(e.g. the dielectric layers 230 and 330), a top electrode layer
(e.g. the top electrode layers 242 and 342) and first dielectric
spacers (e.g. the dielectric spacers 228 and 328). The bottom
electrode layer is positioned over the substrate. The first
dielectric layer is positioned over the bottom electrode layer.
The top electrode layer is positioned over the first dielectric
layer. The first dielectric spacers are positioned on opposite
sidewalls of the bottom electrode layer. The first dielectric
layer has a first dielectric constant. The first dielectric
spacers have a second dielectric constant that is lower than
the first dielectric constant. The MIM capacitor structure
may have a high capacitance value by thinning down the
high-k dielectric layer without lowering the breakdown
voltage of the MIM capacitor structure.

[0065] Embodiments of a metal-insulator-metal (MIM)
capacitor structure and a method for forming the MIM
capacitor structure are provided. The MIM capacitor struc-
ture includes a substrate, a bottom electrode layer, a first
dielectric layer, a top electrode layer and first dielectric
spacers. The bottom electrode layer is positioned over the
substrate. The first dielectric layer is positioned over the
bottom electrode layer. The top electrode layer is positioned
over the first dielectric layer. The first dielectric spacers are
positioned on opposite sidewalls of the bottom electrode
layer. The first dielectric layer has a first dielectric constant.
The first dielectric spacers have a second dielectric constant
that is lower than the first dielectric constant. The MIM
capacitor structure may have high capacitance value by
thinning down the high-k dielectric layer without lowering
the breakdown voltage of the MIM capacitor structure.
[0066] In some embodiments, a MIM capacitor structure
is provided. The MIM capacitor structure includes a sub-
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strate, a bottom electrode layer, a first dielectric layer, a top
electrode layer and first dielectric spacers. The bottom
electrode layer is positioned over the substrate. The first
dielectric layer is positioned over the bottom electrode layer.
The top electrode layer is positioned over the first dielectric
layer. The first dielectric spacers are positioned on opposite
sidewalls of the bottom electrode layer. The first dielectric
layer has a first dielectric constant. The first dielectric
spacers have a second dielectric constant that is lower than
the first dielectric constant.
[0067] In some embodiments, a MIM capacitor structure
is provided. The MIM capacitor structure includes a sub-
strate, a bottom electrode layer, a first dielectric layer, a top
electrode layer and first dielectric spacers. The bottom
electrode layer is positioned over the substrate. The second
electrode layer is positioned over the first electrode layer.
The first dielectric composite structure is positioned between
the first electrode layer and the second electrode layer. The
top surface of the first electrode layer is separated from the
second electrode layer by a first portion of the first dielectric
composite structure. A sidewall of the first electrode layer is
separated from the second electrode layer by a second
portion of the first dielectric composite structure. The first
portion of the first dielectric composite structure has a first
dielectric constant. The second portion of the first dielectric
composite structure has a second dielectric constant that is
lower than the first dielectric constant.
[0068] In some embodiments, a method for forming a
MIM capacitor structure is provided. The method includes
forming a bottom electrode layer over a substrate. The
method includes forming a first dielectric layer over the
bottom electrode layer. The method further includes depos-
iting a first dielectric spacer layer over a top surface and the
opposite sidewalls of the bottom electrode layer. The method
further includes removing a portion of the first dielectric
spacer layer over the top surface of the bottom electrode
layer to form first dielectric spacers on opposite sidewalls of
the bottom electrode layer. The method further includes
forming a top electrode layer over the bottom electrode
layer, the first dielectric layer and the first dielectric spacers.
[0069] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.
1. A metal-insulator-metal (MIM) capacitor structure,
comprising:
a bottom electrode layer over a substrate;
a first dielectric layer over the bottom electrode layer;
a top electrode layer over the first dielectric layer; and
first dielectric spacers on opposite sidewalls of the bottom
electrode layer,
wherein the first dielectric layer has a first dielectric
constant, and the first dielectric spacers have a second
dielectric constant that is lower than the first dielectric
constant.
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2. The MIM capacitor structure as claimed in claim 1,
wherein the substrate comprises a capacitor region for the
bottom electrode layer and the top electrode layer positioned
within and a non-capacitor region, wherein the first dielec-
tric layer extends from the capacitor region to the non-
capacitor region.

3. The MIM capacitor structure as claimed in claim 1,
wherein the sidewalls of the bottom electrode layer are
separated from the top electrode layer by the first dielectric
layer and the first dielectric spacers.

4. The MIM capacitor structure as claimed in claim 1,
wherein opposite sidewalls of the first dielectric layer are
respectively aligned with the opposite sidewalls of the
bottom electrode layer, wherein the first dielectric spacers
cover the opposite sidewalls of the first dielectric layer.

5. The MIM capacitor structure as claimed in claim 1,
further comprising:

a middle electrode layer between the bottom electrode
layer and the top electrode layer, wherein the first
dielectric layer is positioned between the bottom elec-
trode layer and the middle electrode layer;

a second dielectric layer between the middle electrode
layer and the top electrode layer; and

second dielectric spacers on opposite sidewalls of the
middle electrode layer,

wherein the second dielectric layer has a first dielectric
constant, and the second dielectric spacers have a
second dielectric constant.

6. The MIM capacitor structure as claimed in claim 5,
wherein each of the second dielectric spacers is in contact
with the first dielectric layer, the second dielectric layer and
the middle electrode layer.

7. The MIM capacitor structure as claimed in claim 5,
wherein one of the second dielectric spacers is in contact
with the first dielectric layer, the second dielectric layer, the
middle electrode layer and the top electrode layer.

8. The MIM capacitor structure as claimed in claim 7,
wherein a bottom of the one of the second dielectric spacers
is aligned with bottoms of the first dielectric spacers.

9. A metal-insulator-metal (MIM) capacitor structure,
comprising:

a first electrode layer over a substrate;

a second electrode layer over the first electrode layer; and

a first dielectric composite structure between the first
electrode layer and the second electrode layer,

wherein a top surface of the first electrode layer is
separated from the second electrode layer by a first
portion of the first dielectric composite structure, and a
sidewall of the first electrode layer is separated from
the second electrode layer by a second portion of the
first dielectric composite structure, and

wherein the first portion of the first dielectric composite
structure has a first dielectric constant, and the second
portion of the first dielectric composite structure has a
second dielectric constant that is lower than the first
dielectric constant.

10. The MIM capacitor structure as claimed in claim 9

further comprising:

a dielectric layer covering the first electrode layer, the
second electrode layer, and the first dielectric compos-
ite structure, wherein the dielectric constant of the
dielectric layer is lower than the dielectric constants of
the first portion and the second portion of the first
dielectric composite structure.
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11. The MIM capacitor structure as claimed in claim 9,
wherein the first portion of the first dielectric composite
structure and the first electrode layer are in contact with
different surfaces of the second portion of the first dielectric
composite structure.

12. The MIM capacitor structure as claimed in claim 9,
wherein the first portion of the first dielectric composite
structure and the first electrode layer are in contact with the
same surface of the second portion of the first dielectric
composite structure.

13. The MIM capacitor structure as claimed in claim 9,
further comprising:

athird electrode layer over the second electrode layer; and

a second dielectric composite structure between the sec-
ond electrode layer and the third electrode layer,

wherein a top surface of the second electrode layer is
separated from the third electrode layer by a third
portion of the second dielectric composite structure,
and a sidewall of the second electrode layer is separated
from the third electrode layer by a fourth portion of the
second dielectric composite structure,

wherein the third portion of the second dielectric com-

posite structure has the first dielectric constant, and the
fourth portion of the second dielectric composite struc-
ture has the second dielectric constant.

14. The MIM capacitor structure as claimed in claim 13,
wherein the third portion of the second dielectric composite
structure and the second electrode layer are in contact with
different surfaces of the fourth portion of the second dielec-
tric composite structure.

15. The MIM capacitor structure as claimed in claim 13,
wherein the third portion of the second dielectric composite
structure and the second electrode layer are in contact with
the same surface of the fourth portion of the second dielec-
tric composite structure.

16. A method for forming a metal-insulator-metal (MIM)
capacitor structure, comprising:

forming a bottom electrode layer over a substrate;

forming a first dielectric layer over the bottom electrode
layer;
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depositing a first dielectric spacer layer over a top surface
and the opposite sidewalls of the bottom electrode
layer;

removing a portion of the first dielectric spacer layer over

the top surface of the bottom electrode layer to form
first dielectric spacers on opposite sidewalls of the
bottom electrode layer; and

forming a top electrode layer over the bottom electrode

layer, the first dielectric layer and the first dielectric
spacers.

17. The method for forming a MIM capacitor structure as
claimed in claim 16, further comprising:

patterning the first dielectric layer and the bottom elec-

trode layer before forming first dielectric spacers on
opposite sidewalls of the bottom electrode layer,
wherein the first dielectric spacers are formed on oppo-
site sidewalls of the first dielectric layer.

18. The method for forming a MIM capacitor structure as
claimed in claim 16, further comprising:

forming a middle electrode layer over the first dielectric

layer;

forming a second dielectric layer over the middle elec-

trode layer; and

forming second dielectric spacers on opposite sidewalls of

the middle electrode layer before forming the top
electrode layer over the bottom electrode layer, the first
dielectric layer and the first dielectric spacers.

19. The method for forming a MIM capacitor structure as
claimed in claim 18, wherein forming the second dielectric
spacers on opposite sidewalls of the middle electrode layer
comprises:

depositing a second dielectric spacer layer over a top

surface and the opposite sidewalls of the middle elec-
trode layer; and

removing a portion of the second dielectric spacer layer

over the top surface of the middle electrode layer.

20. The method for forming a MIM capacitor structure as
claimed in claim 18, further comprising:

patterning the second dielectric layer and the middle

electrode layer before forming second dielectric spac-
ers on opposite sidewalls of the middle electrode layer,
wherein the second dielectric spacers are formed on
opposite sidewalls of the second dielectric layer.
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