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(57) ABSTRACT 

Semiconductor structures having capacitors and metal wiring 
integrated in a same dielectric layer are described. For 
example, a semiconductor structure includes a plurality of 
semiconductor devices disposed in or above a substrate. One 
or more dielectric layers are disposed above the plurality of 
semiconductor devices. Metal wiring is disposed in each of 
the dielectric layers. The metal wiring is electrically coupled 
to one or more of the semiconductor devices. A metal-insu 
lator-metal (MIM) capacitor is disposed in one of the dielec 
tric layers, adjacent to the metal wiring of the at least one of 
the dielectric layers. The MIM capacitor is electrically 
coupled to one or more of the semiconductor devices. 
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FLOWCHART 500 

FORMA PLURALITY OF SEMICONDUCTORDEVICES 
|NORABOVE A SUBSTRATE 

FORM ONE ORMORE DIELECTRIC LAYERS ABOVE 
THE PLURALITY OF SEMICONDUCTORDEVICES 

FORMMETAL WIRING IN EACH OF THE DIELECTRIC 
LAYERS 

FORMAMETAL-INSULATOR-METAL (MIM) CAPACITOR 
IN ONE OF THE DIELECTRIC LAYERSADJACENT TO 

THE METAL WIRING OF THE ONE OF THE DIELECTRIC 
LAYERS 

FIG. 5 
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SEMCONDUCTOR STRUCTURE HAVINGA 
CAPACTOR AND METAL WIRING 

INTEGRATED IN A SAME DIELECTRIC 
LAYER 

TECHNICAL FIELD 

0001 Embodiments of the invention are in the field of 
dynamic random access memory and, in particular, semicon 
ductor structures having capacitors and metal wiring inte 
grated in a same dielectric layer. 

BACKGROUND 

0002 For the past several decades, the scaling of features 
in integrated circuits has been a driving force behind an ever 
growing semiconductor industry. Scaling to Smaller and 
smaller features enables increased densities of functional 
units on the limited real estate of semiconductor chips. For 
example, shrinking transistor size allows for the incorpora 
tion of an increased number of memory devices on a chip, 
lending to the fabrication of products with increased capacity. 
The drive for ever-more capacity, however, is not without 
issue. The necessity to optimize the performance of each 
device becomes increasingly significant. 
0003. In semiconductor devices such as DRAMs (Dy 
namic Random Access Memory), each cell is composed of 
one transistor and one capacitor. In DRAMs, cells require 
periodic reading and refreshing. Owing to the advantages of 
low price-per-unit-bit, high integration, and ability to simul 
taneously perform read and write operations, DRAMs have 
enjoyed widespread use in commercial applications. In the 
meantime, a phenomenon referred to as “soft error” can be 
caused in DRAM devices by a loss of charge that was stored 
in a capacitor due to external factors, thereby causing mal 
function of DRAMs. In order to prevent the occurrence of soft 
error, a method of enhancing the capacitance of a capacitor 
has been Suggested. However, challenges are presented in 
formulating practical manufacturing processes due to the ever 
increasing high level of integration of semiconductor devices. 
0004 Furthermore, metal lines are typically integrated in 
layers separate from capacitor layers. In an example, a copper 
metal layer is formed above a group of capacitors and is not 
run in the same layer as the capacitors. FIG. 1 represents such 
an example where vias of metal lines are formed through 
capacitor dielectric layers to connect the upper metal line 
layers to lower device layers. Specifically, FIG. 1 is a cross 
sectional view of a capacitor formed in a dielectric layer 
distinct from a dielectric layer used to house metal wiring, in 
accordance with the prior art. 
0005 Referring to FIG.1, a first interlayer insulating layer 
103 is formed on a semiconductor substrate 101 having a cell 
array region 102. The first interlayer insulating layer 103 is 
patterned to form contact holes exposing the semiconductor 
substrate 101 on the cell array region 102 and the contact 
holes are filled with a conductive material to form a lower 
electrode contact plug 105A. An etch stop layer 107 and a 
second interlayer insulating layer 109 are sequentially 
formed on the resulting structure. 
0006. The second interlayer insulating layer 109 and the 
etch stop layer 107 are sequentially etched in the cell array 
region 102 to form the lower electrode contact plug 105A and 
a storage node hole 111 exposing the first interlayer insulating 
layer 103 around the lower electrode contact plug. After a 
material layer for a lower electrode is conformally stacked on 
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the resulting structure, a planarization process is carried out to 
form the lower electrode 113 covering a bottom and an inner 
sidewall of the storage node hole 111. A dielectric layer 115 
and an upper electrode layer 117 are sequentially stacked and 
patterned on the semiconductor substrate 101. A via 124 of a 
metal line 122 is formed through capacitor dielectric layers 
(e.g., dielectric layer 109, and even inter-layer dielectric layer 
120) to connect the upper metal line 122 layer to the semi 
conductor substrate 101 having the cell array region 102. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a cross-sectional view of a capacitor 
formed in a dielectric layer distinct from a dielectric layer 
used to house metal wiring, in accordance with the prior art. 
0008 FIG. 2A illustrates a cross-sectional view of a 
capacitor formed in a single dielectric layer housing metal 
wiring, in accordance with an embodiment of the present 
invention. 
0009 FIG. 2B illustrates a cross-sectional view of a 
capacitor formed in two dielectric layers, each dielectric layer 
housing metal wiring, in accordance with an embodiment of 
the present invention. 
0010 FIG. 3 illustrates a cross-sectional view of a capaci 
tor formed in a single dielectric layer housing fourth-level 
metal wiring, in accordance with an embodiment of the 
present invention. 
0011 FIG. 4 illustrates a cross-sectional view of a capaci 
tor formed in the two dielectric layers housing third-level and 
fourth-level metal wiring, in accordance with an embodiment 
of the present invention. 
0012 FIG. 5 is a Flowchart representing operations in a 
method of forming a semiconductor structure having a 
capacitors and metal wiring integrated in a same dielectric 
layer, inaccordance with an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION 

0013 Semiconductor structures having capacitors and 
metal wiring integrated in a same dielectric layer are 
described. In the following description, numerous specific 
details are set forth, Such as specific metal wiring layer counts 
and material regimes, in order to provide a thorough under 
standing of embodiments of the present invention. It will be 
apparent to one skilled in the art that embodiments of the 
present invention may be practiced without these specific 
details. In other instances, well-known features, such as inte 
grated circuit design layouts, are not described in detail in 
order to not unnecessarily obscure embodiments of the 
present invention. Furthermore, it is to be understood that the 
various embodiments shown in the Figures are illustrative 
representations and are not necessarily drawn to scale. 
0014 Conventional approaches to incorporating capacitor 
structures with metal wiring layers only introduces metal 
wirings, such as copper lines, after and above the capacitor 
layers. In such arrangements, the metal wiring layers do not 
share dielectric layers with the dielectric layers used to house 
the capacitor structures. Furthermore, in the conventional 
architectures, methods are available for increasing the height 
of the lower electrode as a method for increasing the surface 
area of the lower electrode to increase capacitance. In one 
such method, the thickness of a dielectric layer where the 
lower electrode is positioned is increased. However, if the 
thickness is increased, the process burden is also increases 
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because large amount of etching is required when the metal 
contact hole is formed. Furthermore, since the metal wiring is 
not housed in the dielectric layer, such an approach creates an 
even greater distance between metal wiring layers and respec 
tive device layers. 
0015. In accordance with an embodiment of the present 
invention, a capacitor structure, e.g., for an embedded 
dynamic random access memory (DRAM) product, is incor 
porated with metal wiring layers to share one or more dielec 
tric layers housing the metal wiring layers. For example, in 
one embodiment, the height of the capacitor structure is 
essentially the height of two metal wiring dielectric layers, 
and the capacitor structure is formed adjacent to the two metal 
wiring layers. In another embodiment, the height of the 
capacitor structure is essentially the height of only one metal 
wiring dielectric layer, and the capacitor structure is formed 
adjacent to the one metal wiring layer. However, the capacitor 
height may need to be the height of 2 or more dielectric layers 
in order to Supply enough capacitance. The capacitor struc 
ture may be formed in the metal wiring dielectric layer(s) 
after formatting of the metal wiring layers. Such an approach 
allows embedding of a DRAM capacitor into a logic (CPU) 
process. By contrast, conventional approaches start with a 
DRAM process and add logic capability later to fabricate 
embedded DRAM. 
0016. The embedded DRAM described herein may be 
included on a first chip and packaged with a microprocessor 
on a second chip. Alternatively, the embedded DRAM 
described herein may be included on the same chip as a 
microprocessor to provide a monolithic fabrication process. 
0017 Disclosed herein are semiconductor structures hav 
ing capacitors and metal wiring integrated in a same dielectric 
layer. In one embodiment, a semiconductor structure includes 
a plurality of semiconductor devices disposed in or above a 
substrate. One or more dielectric layers are disposed above 
the plurality of semiconductor devices. Metal wiring is dis 
posed in each of the dielectric layers. The metal wiring is 
electrically coupled to one or more of the semiconductor 
devices. A metal-insulator-metal (MIM) capacitoris disposed 
in one of the dielectric layers, adjacent to the metal wiring of 
the at least one of the dielectric layers. The MIM capacitor is 
electrically coupled to one or more of the semiconductor 
devices. 

0018. Also disclosed herein are methods of fabricating 
semiconductor structures having capacitors and metal wiring 
integrated in a same dielectric layer. In one embodiment, a 
method includes forming a plurality of semiconductor 
devices in or above a substrate. One or more dielectric layers 
are formed above the plurality of semiconductor devices. 
Metal wiring is formed in each of the dielectric layers. Form 
ing the metal wiring includes electrically coupling the metal 
wiring to one or more of the semiconductor devices. A metal 
insulator-metal (MIM) capacitor is formed in one of the 
dielectric layers adjacent to the metal wiring of the at least one 
of the dielectric layers. Forming the MIM capacitor includes 
electrically coupling the MIM capacitor to one or more of the 
semiconductor devices. 

0019. In an aspect of the present invention, an embedded 
metal-insulator-metal (MIM) capacitor is included in the 
same dielectric layer as metal wiring. For example, FIG. 2A 
illustrates a cross-sectional view of a capacitor formed in a 
single dielectric layer housing metal wiring, in accordance 
with an embodiment of the present invention. In another 
example, FIG. 2B illustrates a cross-sectional view of a 
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capacitor formed in two dielectric layers, each dielectric layer 
housing metal wiring, in accordance with an embodiment of 
the present invention. 
0020 Referring to FIGS. 2A and 2B, a semiconductor 
structure 200A or 200B, respectively, includes a plurality of 
semiconductor devices disposed in or above a substrate 202. 
One or more dielectric layers 204 is/are disposed above the 
plurality of semiconductor devices in or above the substrate 
202. Metal wiring 206, such as copper metal wiring, is dis 
posed in each of the dielectric layers 204. Metal wiring 206 is 
electrically coupled to one or more of the semiconductor 
devices in or above the substrate 202. A metal-insulator-metal 
(MIM) capacitor 208A or 208B, respectively, is disposed in at 
least one of the dielectric layers 204. The MIM capacitor 
208A or 208B is adjacent to the metal wiring 206 of the at 
least one of the dielectric layers 204 and is electrically 
coupled to one or more of the semiconductor devices in or 
above the substrate 202. 

0021. It is to be understood that metal wiring 206 refers to 
metal lines, e.g., used as interconnect lines. Metal wiring 206 
is to be distinguished from Vias, e.g., vias 207, which may 
also be housed in dielectric layer(s) 204 and used to couple 
metal wirings 206 in different dielectric layers 204 or to 
couple a metal wiring with some other electrical contact, e.g., 
contacts 210. Contact 210 may represent another via, another 
metal wiring, or an actual contact structure formed between a 
via 207 and a semiconductor device. MIM capacitor 208A or 
208B may be electrically coupled to one or more of the 
semiconductor devices in or above the substrate 202 through 
with Some electrical contact, e.g., contacts 212. Contact 212 
may represent another via, another metal wiring, or an actual 
contact structure formed between the bottom of MIM capaci 
tor 208A or 208B and a semiconductor device. In an embodi 
ment, at least a portion of the metal wiring 206 is electrically 
coupled to one or more semiconductor devices included in a 
logic circuit, and the MIM capacitor 208A or 208B is an 
embedded dynamic random access memory (el RAM) 
capacitor. The top electrode of the MIM capacitor may be 
connected by a via from an interconnect or metal wiring layer 
above the MIM capacitor. In one embodiment, such a con 
nection provides the common or ground connection of the 
eDRAM. 

(0022 Referring to FIG. 2A, in one embodiment, the MIM 
capacitor 208A is disposed in only one of the dielectric layers 
204. Referring to FIG. 2B, the MIM capacitor 208B is dis 
posed in only two of the dielectric layers 204. In that embodi 
ment, the MIM capacitor 208B is adjacent to the metal wiring 
206 of each of the two dielectric layers 204 and also adjacent 
to a via 207 coupling the metal wiring 206 of each of the two 
dielectric layers 204. In other embodiments, a MIM capacitor 
is disposed in more than two of dielectric layers and is adja 
cent to the metal wiring of all of the more than two dielectric 
layers. 
0023 Referring again to FIGS. 2A and 2B, semiconductor 
structures 200A and 200B, respectively, further include one 
or more etch-stop layers 214. Such as a silicon nitride, silicon 
oxide, or silicon oxy-nitride etch-stop layer. For example, an 
etch-stop layer may be disposed between each of the dielec 
tric layers 204, and directly below the dielectric layer closest 
to the substrate 202, as depicted in FIGS. 2A and 2B. In an 
embodiment, the MIM capacitor 208A or 208B is disposed in 
a trench 216A or 216B, respectively, disposed in the at least 
one of the dielectric layers 204. The MIM capacitor includes 
a cup-shaped metal plate 218 disposed along the bottom and 
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sidewalls of the trench 216A or 216B. A second dielectric 
layer 220 is disposed on and conformal with the cup-shaped 
metal plate 218. A trench-fill metal plate 222 is disposed on 
the second dielectric layer 220. The second dielectric layer 
220 isolates the trench-fill metal plate 222 from the cup 
shaped metal plate 218. 
0024. In an embodiment, the trench-fill metal plate 222 is 
composed mostly of copper. In an embodiment, the cup 
shaped metal plate 218 is composed of a copper layer proxi 
mate to the bottom of the trench 216A or 216B and distal from 
the second dielectric layer 220, and is further composed of a 
metal nitride layer proximate to the second dielectric layer 
220 and distal from the bottom of the trench 216A or 216B. In 
one embodiment, the metal nitride layer is a tantalum nitride 
layer or a titanium nitride layer. In an embodiment, one or 
more of the copper layer or the metal nitride layer of the 
cup-shaped metal plate 218 or the copper of the trench-fill 
metal plate 222 is formed by a technique Such as, but not 
limited to, an electro-chemical deposition process, an electro 
less deposition process, a chemical vapor deposition process, 
an atomic layer deposition (ALD) process, or a reflow pro 
cess. It is to be understood that silver, aluminum, or an alloy 
of copper, silver or aluminum may be used in place of the 
above described copper. Also, the cup-shaped metal plate 218 
may be a single layer feature formed from copper, silver, 
aluminum, or an alloy thereof. In an alternative embodiment, 
trench-fill metal plate 222 includes a multiple layer structure. 
In an embodiment, the cup-shaped metal plate 218 is electri 
cally coupled to an underlying semiconductor device by a 
floor metal layer, which may be a contact or additional metal 
wiring layer. 
0025. In an embodiment, the sidewalls of the trench 
include a vertical or near-vertical profile, e.g., the vertical or 
near-vertical profile of the trench 216B depicted in FIG. 2B. 
In another embodiment, the sidewalls of the trench taper 
outward from the bottom of the at least one of the dielectric 
layers 204 to the top of the at least one of the dielectric layers 
204, e.g., the tapered profile of the trench 216A depicted in 
FIG. 2A. In contrast to the two embodiments shown, other 
embodiments include a vertical profile for a trench formed in 
a single dielectric layer 204 or a tapered profiled for a trench 
formed in two or more dielectric layers 204. 
0026. In an embodiment, the at least one of the dielectric 
layers 204 is a low-K dielectric layer (a layer with a dielectric 
constant less than 4 for silicon dioxide). In one embodiment, 
the at least one of the dielectric layers 204 is formed by a 
process such as, but not limited to, a spin-on process, a chemi 
cal vapor deposition process, or a polymer-based chemical 
vapor deposition process. In a specific embodiment, the at 
least one of the dielectric layers 204 is formed by a chemical 
vapor deposition process involving silane oran organo-silane 
as a precursor gas. In an embodiment, the at least one of the 
dielectric layers 204 is composed of a material that does not 
significantly contribute to leakage current between a series of 
metal interconnects Subsequently formed in or on the at least 
one of the dielectric layers 204. In one embodiment, the at 
least one of the dielectric layers 204 is composed of a material 
in the range of 2.5 to less than 4. In a particular embodiment, 
the at least one of the dielectric layers 204 is composed of a 
material Such as, but not limited to, a silicate or a carbon 
doped oxide with 0-10% porosity. In another embodiment, 
however, the at least one of the dielectric layers 204 is com 
posed of silicon dioxide. 
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0027. In an embodiment, the second dielectric layer 220 is 
composed a high-K dielectric layer (a layer with a dielectric 
constant greater than 4 for silicon dioxide). In one embodi 
ment, the second dielectric layer 220 is formed by an atomic 
vapor deposition process or a chemical vapor deposition pro 
cess and is composed of a material Such as, but not limited to, 
silicon oxy-nitride, hafnium oxide, Zirconium oxide, hafnium 
silicate, hafnium oxy-nitride, titanium oxide, or lanthanum 
oxide. In another embodiment, however, the second dielectric 
layer 220 is composed of silicon dioxide. 
0028. In an embodiment, substrate 202 is composed of a 
material suitable for semiconductor device fabrication. In one 
embodiment, substrate 202 is a bulk substrate composed of a 
single crystal of a material which may include, but is not 
limited to, silicon, germanium, Silicon-germanium or a III-V 
compound semiconductor material. In another embodiment, 
substrate 202 includes a bulk layer with a top epitaxial layer. 
In a specific embodiment, the bulk layer is composed of a 
single crystal of a material which may include, but is not 
limited to, silicon, germanium, silicon-germanium, a III-V 
compound semiconductor material or quartz, while the top 
epitaxial layer is composed of a single crystal layer which 
may include, but is not limited to, silicon, germanium, sili 
con-germanium or a III-V compound semiconductor mate 
rial. In another embodiment, substrate 202 includes a top 
epitaxial layer on a middle insulator layer which is above a 
lower bulk layer. The top epitaxial layer is composed of a 
single crystal layer which may include, but is not limited to, 
silicon (e.g., to form a silicon-on-insulator (SOI) semicon 
ductor Substrate), germanium, silicon-germanium or a III-V 
compound semiconductor material. The insulator layer is 
composed of a material which may include, but is not limited 
to, silicon dioxide, silicon nitride or silicon oxy-nitride. The 
lower bulk layer is composed of a single crystal which may 
include, but is not limited to, silicon, germanium, silicon 
germanium, a III-V compound semiconductor material or 
quartz. Substrate 202 may further include dopant impurity 
atOmS. 

0029. In accordance with an embodiment of the present 
invention, substrate 202 has thereon or therein an array of 
complimentary metal-oxide-semiconductor (CMOS) transis 
tors fabricated in a silicon Substrate and encased in a dielectric 
layer. A plurality of metal interconnects may beformed above 
the transistors, and on a Surrounding dielectric layer, and are 
used to electrically connect the transistors to form an inte 
grated circuit. In one embodiment, the integrated circuit is 
used for a DRAM. 
0030. In another aspect of the present invention, an 
embedded metal-insulator-metal (MIM) capacitor, such as a 
capacitor described above, is included in the dielectric layer 
of a fourth metal wiring. For example, FIG. 3 illustrates a 
cross-sectional view of a capacitor formed in a single dielec 
tric layer housing fourth-level metal wiring, in accordance 
with an embodiment of the present invention. 
0031 Referring to FIG. 3, a semiconductor structure 300 
includes a plurality of semiconductor devices 304 disposed in 
or above a substrate 302. A first dielectric layer 306 is dis 
posed above the plurality of semiconductor devices 304 and 
has disposed therein contacts 308 electrically coupled to the 
plurality of semiconductor devices 304. 
0032. A second dielectric layer 310 is disposed above the 

first dielectric layer 306 and has disposed therein a first metal 
wiring 314 and one or more vias 312 coupling the first metal 
wiring 314 to the contacts 308. A third dielectric layer 316 is 
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disposed above the second dielectric layer 310 and has dis 
posed therein a second metal wiring 320 and one or more Vias 
318 coupling the second metal wiring 320 to the first metal 
wiring 314. A fourth dielectric layer322 is disposed above the 
third dielectric layer 316 and has disposed therein a third 
metal wiring 326 and one or more vias 324 coupling the third 
metal wiring 326 to the second metal wiring 320. A fifth 
dielectric layer 328 is disposed above the fourth dielectric 
layer 322 and has disposed therein a fourth metal wiring 332 
and one or more vias 330 coupling the fourth metal wiring 
332 to the third metal wiring 326. 
0033 Fifth dielectric layer328 also has disposed thereinat 
least a portion of a metal-insulator-metal (MIM) capacitor 
334. The MIM capacitor 334 is adjacent to the fourth metal 
wiring 332. The MIM capacitor is electrically coupled to one 
or more of the semiconductor devices 304, e.g., by a stack 342 
of metal wirings and vias and through to a contact308. A sixth 
dielectric layer 336 is disposed above the fifth dielectric layer 
328 and has disposed therein a fifth metal wiring 340 and one 
or more vias 338 coupling the fifth metal wiring 340 to the 
fourth metal wiring 332. In an embodiment, the MIM capaci 
tor 334 is disposed in the fifth dielectric layer 328, but not the 
fourth or sixth dielectric layers 322 or 336, respectively, as is 
depicted in FIG. 3. As is also depicted in FIG. 3, a metal 
wiring 344 may be disposed above the MIM capacitor 334, 
but need not be coupled with the MIM capacitor 334. 
0034. In another example, FIG. 4 illustrates a cross-sec 
tional view of a capacitor formed in the two dielectric layers 
housing third-level and fourth-level metal wiring, in accor 
dance with an embodiment of the present invention. 
0035) Referring to FIG. 4, a semiconductor structure 400 
includes a plurality of semiconductor devices 404 disposed in 
or above a substrate 402. A first dielectric layer 406 is dis 
posed above the plurality of semiconductor devices 404 and 
has disposed therein contacts 408 electrically coupled to the 
plurality of semiconductor devices 404. 
0036) A second dielectric layer 410 is disposed above the 

first dielectric layer 406 and has disposed therein a first metal 
wiring 414 and one or more Vias 412 coupling the first metal 
wiring 414 to the contacts 408. A third dielectric layer 416 is 
disposed above the second dielectric layer 410 and has dis 
posed therein a second metal wiring 420 and one or more Vias 
418 coupling the second metal wiring 420 to the first metal 
wiring 414. A fourth dielectric layer 422 is disposed above the 
third dielectric layer 416 and has disposed therein a third 
metal wiring 426 and one or more Vias 424 coupling the third 
metal wiring 426 to the second metal wiring 420. A fifth 
dielectric layer 428 is disposed above the fourth dielectric 
layer 422 and has disposed therein a fourth metal wiring 432 
and one or more vias 430 coupling the fourth metal wiring 
432 to the third metal wiring 426. 
0037 Fifth dielectric layer 428 also has disposed therein at 
least a portion of a metal-insulator-metal (MIM) capacitor 
434. The MIM capacitor 434 is adjacent to the fourth metal 
wiring 432. The MIM capacitor is electrically coupled to one 
or more of the semiconductor devices 404, e.g., by a stack 442 
of metal wirings and vias and through to a contact 408. A sixth 
dielectric layer 436 is disposed above the fifth dielectric layer 
428 and has disposed therein a fifth metal wiring 440 and one 
or more vias 438 coupling the fifth metal wiring 440 to the 
fourth metal wiring 432. In an embodiment, another portion 
of the MIM capacitor 434 is disposed in the fourth dielectric 
layer 422, adjacent to the third metal wiring 426, but no 
portion of the MIM capacitor 434 is disposed in the third or 
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the sixth dielectric layers 416 or 436, respectively, as is 
depicted in FIG. 4. As is also depicted in FIG. 4, a metal 
wiring 444 may be disposed above the MIM capacitor 434, 
but need not be coupled with the MIM capacitor 434. 
0038 Referring to both FIGS. 3 and 4, in an embodiment, 
at least a portion of the fourth metal wiring 332 or 432 is 
electrically coupled to one or more semiconductor devices 
308 or 408 included in a logic circuit, and the MIM capacitor 
334 or 434 is an embedded dynamic random access memory 
(eIDRAM) capacitor. In an embodiment, semiconductor 
structure 300 or 400 further includes a plurality of etch-stop 
layers 350 or 450, respectively. As shown, an etch-stop layer 
may be disposed between each of the first (306 or 406), 
second (310 or 410), third (316 or 416), fourth (322 or 422), 
fifth (328 or 428) and sixth (336 or 436) dielectric layers. 
0039. In an embodiment, the MIM capacitor 334 or 434 is 
disposed in a trench 360 or 460, respectively, disposed in at 
least the fifth dielectric layer 328 or 428. In one such embodi 
ment, the MIM capacitor 334 or 434 includes a cup-shaped 
metal plate 997 disposed along the bottom and sidewalls of 
the trench 360 or 460. A seventh dielectric layer 998 is dis 
posed on and conformal with the cup-shaped metal plate 997. 
A trench-fill metal plate 999 is disposed on the seventh dielec 
tric layer 998. The seventh dielectric layer 998 isolates the 
trench-fill metal plate 999 from the cup-shaped metal plate 
997. In a specific embodiment, the sidewalls of the trench 
have a vertical or near-vertical profile, as is depicted for 
trench 460 of FIG. 4. In another specific embodiment, the 
sidewalls of the trench taper outward from the bottom to the 
top of the fifth dielectric layer 328 or 428, as is depicted for 
trench 360 of FIG. 3. 

0040. In an embodiment, the second (310 or 410), third 
(316 or 416), fourth (322 or 422), fifth (328 or 428) and sixth 
(336 or 436) dielectric layers are low-K dielectric layers, and 
the seventh dielectric layer 998 is a high-K dielectric layer. 
Other materials or structural details for the features of semi 
conductor structures 300 and 400 of FIGS. 3 and 4, respec 
tively, may be such as described above for semiconductor 
Structures 200A and 200B. 

0041. It is to be understood that, in other embodiments, 
additional single or multiple layers of dielectric layers and/or 
metal lines may be formed below or above MIM capacitors 
334 or 434. Also, in other embodiments, single or multiple 
layers of dielectric layers and/or metal lines may be removed 
from below or above MIM capacitors 334 or 434. In other 
embodiments, MIM capacitors 334 or 434 are formed in 
additional one or more layers of dielectric layers. In one 
exemplary embodiment, in reference to FIG. 4 (although not 
shown), another portion of the MIM capacitor 434 is disposed 
in both the fourth 422 and sixth 436 dielectric layers, adjacent 
to the third 426 and fifth 440 metal wirings. In one such 
embodiment, however, no portion of the MIM capacitor is 
disposed in the third dielectric layer 416. 
0042. In another aspect of the present invention, a method 
of fabricating an embedded metal-insulator-metal (MIM) 
capacitor for semiconductor devices is provided. FIG. 5 is a 
Flowchart 500 representing operations in a method of form 
ing a semiconductor structure having a capacitors and metal 
wiring integrated in a same dielectric layer, in accordance 
with an embodiment of the present invention. 
0043. Referring to operation 502 of Flowchart 500, a plu 
rality of semiconductor devices is formed in or above a sub 
Strate. 
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0044) Referring to operation 504 of Flowchart 500, one or 
more dielectric layers is formed above the plurality of semi 
conductor devices. 

0045 Referring to operation 506 of Flowchart 500, metal 
wiring is formed in each of the dielectric layers. In an embodi 
ment, forming the metal wiring includes electrically coupling 
the metal wiring to one or more of the semiconductor devices. 
In one embodiment, electrically coupling the metal wiring to 
one or more of the semiconductor devices includes coupling 
to one or more semiconductor devices included in a logic 
circuit. 

0046 Referring to operation 508 of Flowchart 500, a 
metal-insulator-metal (MIM) capacitor is formed in at least 
one of the dielectric layers adjacent to the metal wiring of the 
at least one of the dielectric layers. In an embodiment, form 
ing the MIM capacitor includes electrically coupling the 
MIM capacitor to one or more of the semiconductor devices. 
In one embodiment, forming the MIM capacitor includes 
forming an embedded dynamic random access memory 
(eIDRAM) capacitor. 
0047. In accordance with an embodiment of the present 
invention, forming the MIM capacitor includes forming the 
MIM capacitor in only one of the dielectric layers. In another 
embodiment, forming the MIM capacitor includes forming 
the MIM capacitor in only two of the dielectric layers, adja 
cent to the metal wiring of each of the two dielectric layers 
and also adjacent to a via coupling the metal wiring of each of 
the two dielectric layers. In one such embodiment, the method 
further includes, subsequent to forming the first of the two of 
the dielectric layers and prior to forming the second of the two 
of the dielectric layers and the MIM capacitor, forming an 
etch-stop layer on the first of the two of the dielectric layers. 
The etch-stop layer is then patterned to open a region for 
subsequently forming the MIM capacitor. The second of the 
two of the dielectric layers is formed on the patterned etch 
stop layer and in the region. In yet another embodiment, 
forming the MIM capacitor includes forming the MIM 
capacitor in more than two of the dielectric layers, adjacent to 
the metal wiring of all of the more than two dielectric layers. 
0048. In an embodiment, forming the MIM capacitor 
includes forming a trench in the one of the dielectric layers, 
forming a cup-shaped metal plate along the bottom and side 
walls of the trench, forming a second dielectric layer on and 
conformal with the cup-shaped metal plate, and forming a 
trench-fill metal plate on the second dielectric layer, the sec 
ond dielectric layer isolating the trench-fill metal plate from 
the cup-shaped metal plate. In one such embodiment, forming 
the trench includes forming the sidewalls of the trench to have 
a vertical or near-vertical profile. In another such embodi 
ment, forming the trench includes forming the sidewalls of 
the trench to taper outward from the bottom of the at least one 
of the dielectric layers to the top of the at least one of the 
dielectric layers. In an embodiment, forming the second 
dielectric layer includes forming a high-K dielectric layer. 
0049. In an embodiment, a method of fabricating a semi 
conductor structure having a capacitors and metal wiring 
integrated in a same dielectric layer further includes forming 
one or more etch-stop layers, including forming an etch-stop 
layer between each of the dielectric layers, and directly below 
the dielectric layer closest to the substrate. In an embodiment, 
forming the one or more dielectric layers includes forming 
one or more low-K dielectric layers. Other materials or struc 
tural details for the features of the fabricated semiconductor 
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structure may be such as described above for semiconductor 
structures 200A, 200B, 300 and 400. 
0050 Thus, semiconductor structures having capacitors 
and metal wiring integrated in a same dielectric layer have 
been disclosed. In an embodiment, a semiconductor structure 
includes a plurality of semiconductor devices disposed in or 
above a substrate. The semiconductor structure also includes 
one or more dielectric layers disposed above the plurality of 
semiconductor devices. The semiconductor structure also 
includes metal wiring disposed in each of the dielectric layers 
and electrically coupled to one or more of the semiconductor 
devices. The semiconductor structure also includes a metal 
insulator-metal (MIM) capacitor disposed in one of the 
dielectric layers, adjacent to the metal wiring of the at least 
one of the dielectric layers, and electrically coupled to one or 
more of the semiconductor devices. In one such embodiment, 
at least a portion of the metal wiring is electrically coupled to 
one or more semiconductor devices included in a logic cir 
cuit, and the MIM capacitor is an embedded dynamic random 
access memory (eIDRAM) capacitor. 
What is claimed is: 
1. A semiconductor structure, comprising: 
a plurality of semiconductor devices disposed in or above a 

Substrate; 
one or more dielectric layers disposed above the plurality 

of semiconductor devices; 
metal wiring disposed in each of the dielectric layers and 

electrically coupled to one or more of the semiconductor 
devices; and 

a metal-insulator-metal (MIM) capacitor disposed in at 
least one of the dielectric layers, adjacent to the metal 
wiring of the at least one of the dielectric layers, and 
electrically coupled to one or more of the semiconductor 
devices. 

2. The semiconductor structure of claim 1, wherein at least 
a portion of the metal wiring is electrically coupled to one or 
more semiconductor devices included in a logic circuit, and 
wherein the MIM capacitor is an embedded dynamic random 
access memory (eIDRAM) capacitor. 

3. The semiconductor structure of claim 1, wherein the 
MIM capacitoris disposed in only one of the dielectric layers. 

4. The semiconductor structure of claim 1, wherein the 
MIM capacitoris disposed in only two of the dielectric layers, 
adjacent to the metal wiring of each of the two dielectric 
layers and also adjacent to a via coupling the metal wiring of 
each of the two dielectric layers. 

5. The semiconductor structure of claim 1, wherein the 
MIM capacitor is disposed in more than two of the dielectric 
layers, adjacent to the metal wiring of all of the more than two 
dielectric layers. 

6. The semiconductor structure of claim 1, further com 
prising: 

one or more etch-stop layers, an etch-stop layer disposed 
between each of the dielectric layers, and directly below 
the dielectric layer closest to the substrate. 

7. The semiconductor structure of claim 1, wherein the 
MIM capacitor is disposed in a trench disposed in the at least 
one of the dielectric layers, and wherein the MIM capacitor 
comprises: 

a cup-shaped metal plate disposed along the bottom and 
sidewalls of the trench; 

a second dielectric layer disposed on and conformal with 
the cup-shaped metal plate; and 
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a trench-fill metal plate disposed on the second dielectric 
layer, the second dielectric layer isolating the trench-fill 
metal plate from the cup-shaped metal plate. 

8. The semiconductor structure of claim 7, wherein the 
sidewalls of the trench comprise a vertical or near-vertical 
profile. 

9. The semiconductor structure of claim 7, wherein the 
sidewalls of the trench taper outward from the bottom of the 
at least one of the dielectric layers to the top of the at least one 
of the dielectric layers. 

10. The semiconductor structure of claim 7, wherein the at 
least one of the dielectric layers is a low-K dielectric layer, 
and the second dielectric layer is a high-K dielectric layer. 

11. A semiconductor structure, comprising: 
a plurality of semiconductor devices disposed in or above a 

Substrate; 
a first dielectric layer disposed above the plurality of semi 

conductor devices and having disposed therein contacts 
electrically coupled to the plurality of semiconductor 
devices; 

a second dielectric layer disposed above the first dielectric 
layer and having disposed therein a first metal wiring 
and one or more Vias coupling the first metal wiring to 
the contacts; 

a third dielectric layer disposed above the second dielectric 
layer and having disposed therein a second metal wiring 
and one or more vias coupling the second metal wiring to 
the first metal wiring: 

a fourth dielectric layer disposed above the third dielectric 
layer and having disposed therein a third metal wiring 
and one or more Vias coupling the third metal wiring to 
the second metal wiring; 

a fifth dielectric layer disposed above the fourth dielectric 
layer and having disposed therein a fourth metal wiring 
and one or more vias coupling the fourth metal wiring to 
the third metal wiring, and also having therein at least a 
portion of a metal-insulator-metal (MIM) capacitor, the 
MIM capacitor adjacent to the fourth metal wiring and 
electrically coupled to one or more of the semiconductor 
devices; and 

a sixth dielectric layer disposed above the fifth dielectric 
layer and having disposed therein a fifth metal wiring 
and one or more Vias coupling the fifth metal wiring to 
the fourth metal wiring. 

12. The semiconductor structure of claim 11, wherein at 
least a portion of the fourth metal wiring is electrically 
coupled to one or more semiconductor devices included in a 
logic circuit, and wherein the MIM capacitor is an embedded 
dynamic random access memory (eIDRAM) capacitor. 

13. The semiconductor structure of claim 11, wherein the 
MIM capacitor is disposed in the fifth dielectric layer, but not 
the fourth or sixth dielectric layers. 

14. The semiconductor structure of claim 11, wherein 
another portion of the MIM capacitor is disposed in the fourth 
dielectric layer, adjacent to the third metal wiring, but no 
portion of the MIM capacitor is disposed in the third or the 
sixth dielectric layers. 

15. The semiconductor structure of claim 11, wherein 
another portion of the MIM capacitor is disposed in the fourth 
and sixth dielectric layers, adjacent to the third and fifth metal 
wirings, but no portion of the MIM capacitor is disposed in 
the third dielectric layer. 

16. The semiconductor structure of claim 11, further com 
prising: 
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a plurality of etch-stop layers, an etch-stop layer disposed 
between each of the first, second, third, fourth, fifth and 
sixth dielectric layers. 

17. The semiconductor structure of claim 11, wherein the 
MIM capacitor is disposed in a trench disposed in at least the 
fifth dielectric layer, and wherein the MIM capacitor com 
prises: 

a cup-shaped metal plate disposed along the bottom and 
sidewalls of the trench; 

a seventh dielectric layer disposed on and conformal with 
the cup-shaped metal plate; and 

a trench-fill metal plate disposed on the seventh dielectric 
layer, the seventh dielectric layer isolating the trench-fill 
metal plate from the cup-shaped metal plate. 

18. The semiconductor structure of claim 17, wherein the 
sidewalls of the trench comprise a vertical or near-vertical 
profile. 

19. The semiconductor structure of claim 17, wherein the 
sidewalls of the trench taper outward from the bottom to the 
top of the fifth dielectric layer. 

20. The semiconductor structure of claim 17, wherein the 
second, third, fourth, fifth and sixth dielectric layers are 
low-K dielectric layers, and the seventh dielectric layer is a 
high-K dielectric layer. 

21. A method of fabricating a semiconductor structure, the 
method comprising: 

forming a plurality of semiconductor devices in or above a 
Substrate; 

forming one or more dielectric layers above the plurality of 
semiconductor devices; 

forming metal wiring in each of the dielectric layers, the 
forming comprising electrically coupling the metal wir 
ing to one or more of the semiconductor devices; and 

forming a metal-insulator-metal (MIM) capacitor in at 
least one of the dielectric layers adjacent to the metal 
wiring of the at least one of the dielectric layers, the 
forming comprising electrically coupling the MIM 
capacitor to one or more of the semiconductor devices. 

22. The method of claim 21, wherein electrically coupling 
the metal wiring to one or more of the semiconductor devices 
comprises coupling to one or more semiconductor devices 
included in a logic circuit, and wherein forming the MIM 
capacitor comprises forming an embedded dynamic random 
access memory (eIDRAM) capacitor. 

23. The method of claim 21, wherein forming the MIM 
capacitor comprises forming the MIM capacitor in only one 
of the dielectric layers. 

24. The method of claim 21, wherein forming the MIM 
capacitor comprises forming the MIM capacitor in only two 
of the dielectric layers, adjacent to the metal wiring of each of 
the two dielectric layers and also adjacent to a via coupling 
the metal wiring of each of the two dielectric layers, the 
method further comprising: 

subsequent to forming the first of the two of the dielectric 
layers and prior to forming the second of the two of the 
dielectric layers and the MIM capacitor, forming an 
etch-stop layer on the first of the two of the dielectric 
layers; and 

patterning the etch-stop layer to open a region for Subse 
quently forming the MIM capacitor, wherein the second 
of the two of the dielectric layers is formed on the pat 
terned etch-stop layer and in the region. 

25. The method of claim 21, wherein forming the MIM 
capacitor comprises forming the MIM capacitor in more than 
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two of the dielectric layers, adjacent to the metal wiring of all 
of the more than two dielectric layers. 

26. The method of claim 21, further comprising: 
forming one or more etch-stop layers, including forming an 

etch-stop layer between each of the dielectric layers, and 
directly below the dielectric layer closest to the sub 
Strate. 

27. The method of claim 21, wherein forming the MIM 
capacitor comprises: 

forming a trench in the at least one of the dielectric layers; 
forming a cup-shaped metal plate along the bottom and 

sidewalls of the trench; 
forming a second dielectric layer on and conformal with 

the cup-shaped metal plate; and 

Sep. 6, 2012 

forming a trench-fill metal plate on the second dielectric 
layer, the second dielectric layer isolating the trench-fill 
metal plate from the cup-shaped metal plate. 

28. The method of claim 27, wherein forming the trench 
comprises forming the sidewalls of the trench to have a ver 
tical or near-vertical profile. 

29. The method of claim 27, wherein forming the trench 
comprises forming the sidewalls of the trench to taper out 
ward from the bottom of the at least one of the dielectric layers 
to the top of the at least one of the dielectric layers. 

30. The method of claim 27, whereinforming the one or 
more dielectric layers comprises forming one or more low-K 
dielectric layers, and forming the second dielectric layer com 
prises forming a high-K dielectric layer. 

c c c c c 


