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Siemens Corporation Avertical MIM capacitor (140) including a ?rst conductive 
Intellectual PI‘OPEI‘tY Department line (124) and second conductive line (136) sandwiched 
186 Wood Avenue South around a vertical portion of a capacitor dielectric (134). 
Iselin, NJ 08830 (US) Additional conductive lines (136) may be positioned verti 

cally proximate ?rst conductive lines (124) separated by 
another vertical portion of capacitor dielectric (134) to form 

(21) Appl. No.: 09/742,918 a double-sided capacitor (142), increasing the capacitance. A 
plurality of vertical MIMcaps (140, 142) may be coupled 

(22) Filed: Dec. 21, 2000 together in parallel to increase the capacitance. 
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SELF-ALIGNED DOUBLE-SIDED VERTICAL 
MIMCAP 

TECHNICAL FIELD 

[0001] The present invention relates generally to the fab 
rication of semiconductor devices, and more particularly to 
metal-insulator-metal (MIM) capacitors. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductors are Widely used for integrated 
circuits for electronic applications, including radios, televi 
sions and personal computing devices, as examples. Such 
integrated circuits typically include multiple transistors fab 
ricated in single crystal silicon. It is common for there to be 
millions of semiconductor devices on a single semiconduc 
tor product. Many integrated circuits noW include multiple 
levels of metalliZation for interconnections. 

[0003] The manufacturing process How for semiconduc 
tors is generally referred to in tWo time periods: front-end 
of-line (FEOL) and back-end-of-line (BEOL). Higher tem 
perature processes are performed in the FEOL, during Which 
impurity implantation, diffusion and formation of active 
components such as transistors occurs. Lower temperature 
processes take place in the BEOL, Which generally starts 
When the ?rst metalliZation layer is formed. There is a 
de?ned thermal budget during the BEOL to prevent diffu 
sion of metal into dielectric, and avoid ?oWing of the metal 
lines, Which can cause voids and result in device failures. 
Exposing a semiconductor Wafer to high temperatures, e.g., 
exceeding 400 degrees C., can also cause the impurities to 
move about. 

[0004] For many years, aluminum has been used for the 
conductive material comprising the interconnect layers of 
semiconductor devices. Usually an aluminum alloy With a 
small amount of copper and silicon is used. For example, a 
prior art aluminum conductive alloy may comprise 2% 
silicon to prevent the aluminum from diffusing into the 
surrounding silicon, and 1% copper, to control electro 
migration and lead breakage due to Joule’s heat. 

[0005] The semiconductor industry continuously strives to 
decrease the siZe and increase the speed of the semiconduc 
tor devices located on integrated circuits. To improve the 
speed, the semiconductor industry is changing from alumi 
num to copper for metalliZation layers. Copper has a loW 
resistivity compared to aluminum, resulting in faster current 
capability When used as a conductive material. Also, the 
industry is moving toWards using loW-dielectric constant (k) 
materials as insulators betWeen conductive leads and the 
various metalliZation layers to reduce the overall siZe of the 
semiconductor devices. 

[0006] Using copper as the material for metalliZation 
layers has proven problematic for various reasons. One 
problem With using copper for metalliZation layers is in the 
fabrication of MIM capacitors. Once a metalliZation layer 
has been applied, When copper is used, the semiconductor 
Wafer cannot be exposed to temperatures higher than around 
400° C., because copper may be damaged at temperatures 
higher than this. 

[0007] MIM capacitors (MIMcaps) are used to store a 
charge in a variety of semiconductor devices, such as mixed 
signal and analog products. MIMcaps typically require a 
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much loWer capacitance than deep trench memory capaci 
tors used in dynamic random access memory (DRAM) 
devices, for example. A MIMcap may have a capacitance 
requirement of 1 fF/micrometer2, for example. 

[0008] Prior art MIMcaps are manufactured in the BEOL 
by forming the bottom capacitive plate in the ?rst or 
subsequent horiZontal metalliZation layer of a semiconduc 
tor Wafer. A second mask, pattern and etch step is required 
to form the top capacitive plate. Alternatively, MIMcaps are 
formed betWeen horiZontal metalliZation layers in the BEOL 
in additional horiZontal layers, With each plate requiring a 
separate pattern and etch level. 

[0009] FIG. 1 shoWs a prior art horiZontal MIMcap hav 
ing a bottom plate 16 formed Within an insulating layer 14. 
The bottom plate is formed over a Workpiece 12 Which may 
include a substrate and other active components, not shoWn. 
A capacitor dielectric 18 is deposited over the bottom 
capacitor plate 16 and insulating layer 14. A top capacitor 
plate 20 is formed over the capacitor dielectric 18. 

[0010] AhoriZontal MIMcap 10 requires a large amount of 
surface area of a semiconductor Wafer. The MIMcap 10 
shoWn is a large ?at capacitor positioned parallel to the 
Wafer surface covering a large area of the chip, and does not 
provide a high area efficiency. Furthermore, manufacturing 
a horiZontal MIMcap 10 requires more than one metalliZa 
tion layer to fabricate the bottom 16 and top 20 plates. 

[0011] What is needed in the art is a MIM capacitor that 
utiliZes Wafer area more ef?ciently than prior art MIMcaps. 

SUMMARY OF THE INVENTION 

[0012] These problems are generally solved or circum 
vented by the present invention, Which achieves technical 
advantages as a vertical MIM capacitor formed Within a 
single insulating layer of a semiconductor Wafer. 

[0013] Disclosed is a method of fabricating a MIMcap, 
comprising forming an insulating layer, forming at least one 
?rst conductive line Within the insulating layer, and forming 
at least one trench abutting the ?rst conductive line Within 
the insulating layer. A capacitor dielectric is deposited over 
the insulating layer, trench, and the ?rst conductive line, and 
the trench is ?lled With a conductive material to form a 
second conductive line. 

[0014] Also disclosed is a MIMcap, comprising an insu 
lating layer, at least one ?rst conductive line formed Within 
a top portion of the insulating layer, at least one second 
conductive line disposed proximate the ?rst conductive line 
Within the top portion of the insulating layer, and a capacitor 
dielectric disposed betWeen at least the ?rst conductive line 
and the second proximate conductive line. 

[0015] Further disclosed is a MIM capacitor, comprising 
an insulating layer disposed over a substrate, a plurality of 
conductive metal lines formed Within the insulating layer, 
and a capacitor dielectric disposed betWeen the conductive 
metal lines, Wherein tWo of the conductive metal lines 
comprise the plates of a vertical MIM capacitor. 

[0016] Advantages of the invention include providing a 
vertical MIM capacitor that utiliZes Wafer area more ef? 
ciently than prior art horiZontal MIMcaps. The vertical 
MIMcap described herein may be ?ve times smaller, for 
example, than horiZontal MIMcaps producing the same 
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capacitance. Only one mask level is required, and the 
structure is self-aligning, relaxing optical lithography criti 
cal dimensions and overlay tolerance. The vertical MIMcap 
may be formed in the same inter-level dielectric as metal 
leads in a metalliZation layer. The depth of the conductive 
lines may be the same as the inter-level dielectric thickness 
to increase the capacitor area ef?ciency. A dielectric cap 
layer may serve as a CMP or etch stop for removing 
subsequently-deposited conductive materials. The capacitor 
dielectric of the vertical MIMcap also serves as a cap layer 
for the metal used to ?ll the capacitor plate. A vertical 
double-sided MIMcap and a comb capacitor may be pro 
duced in accordance With the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above features of the present invention Will be 
more clearly understood from consideration of the folloWing 
descriptions in connection With accompanying draWings in 
Which: 

[0018] FIG. 1 illustrates a cross-sectional vieW of a prior 
art horiZontal MIMcap having tWo metal plates sandWiching 
a dielectric parallel to the Wafer; 

[0019] FIGS. 2-6 shoW cross-sectional vieWs of an 
embodiment of the present invention in various stages of 
fabrication; 
[0020] FIG. 7 shoWs a schematic diagram for a portion of 
the vertical MIMcap shoWn in FIG. 6; 

[0021] FIG. 8 shoWs a schematic diagram of a double 
sided vertical MIMcap illustrated in FIG. 6; 

[0022] FIG. 9 illustrates a top vieW and corresponding 
schematic diagram of a semiconductor Wafer having the 
vertical MIMcap structure shoWn in FIG. 6, With several of 
the conductive lines coupled together by an etch run Within 
the same layer; 

[0023] FIG. 10 illustrates a cross-sectional vieW and sche 
matic representation of an embodiment of the present ver 
tical MIMcap invention having a comb capacitor structure; 
and 

[0024] FIG. 11 shoWs a top vieW of the vertical MIMcap 
comb capacitor structure shoWn in FIG. 10. 

[0025] Corresponding numerals and symbols in the dif 
ferent ?gures refer to corresponding parts unless otherWise 
indicated. The ?gures are draWn to clearly illustrate the 
relevant aspects of the preferred embodiments, and are not 
necessarily draWn to scale. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] Preferred embodiments of the present invention 
Will be described, folloWed by a discussion of some advan 
tages of the present vertical MIM capacitor. 

[0027] FIGS. 2-6 shoW cross-sectional vieWs of a ?rst 
embodiment of the present invention in various stages of 
fabrication. A semiconductor Wafer 100 includes a Work 
piece 112, shoWn in FIG. 2, Which may include a semicon 
ductor substrate comprising silicon or other semiconductor 
materials covered by an insulating layer, for example. Work 
piece 112 may also include other active components or 
circuits formed in the FEOL, not shoWn. 
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[0028] An insulating layer 122 is deposited over the 
Workpiece 112. The insulating layer 122 preferably com 
prises an inter-level dielectric (ILD) layer that conductive 
leads in a metalliZation layer Will be formed Within, not 
shoWn. Insulating layer 122 preferably comprises silicon 
dioxide (SiO2) and may alternatively comprise other dielec 
tric materials such as loW dielectric constant materials or 
high dielectric constant materials, for example. 

[0029] Insulating layer 122 is patterned, etched, and ?lled 
With a conductive material to form ?rst conductive lines 124. 
First conductive lines 124 conductive material preferably 
comprise a metal such as copper but may alternatively 
comprise other metals such as aluminum, tungsten, and 
other conductive materials and combinations thereof, for 
example. The pattern and ?ll process may comprise a single 
damascene or dual-damascene process, for example. The 
depth of ?rst conductive lines 124 may be the same as other 
metalliZation lines of the Wafer 100, or the depth of ?rst 
conductive lines 124 may be the total thickness of a via and 
Wiring line, for example, the total thickness of the insulating 
layer 122. First conductive lines 124 are preferably spaced 
apart by a suf?cient distance to alloW the formation of 
second conductive lines 136 (of FIG. 6) that Will be formed 
in subsequent steps, to be described further herein. 

[0030] An optional dielectric cap layer 126 is deposited 
over insulating layer 122 and ?rst conductive lines 124. Cap 
layer 126 preferably comprises a thin layer of protective 
material to prevent diffusion of the metal used for ?rst 
conductive lines 124 into subsequently deposited insulating 
layers. For example, if copper is used for the ?rst conductive 
lines 124 conductive material, copper has a tendency to 
diffuse into underlying and overlying dielectrics unless a cap 
layer 126 is used. When the ?rst conductive lines 124 
comprise copper, preferably, cap layer 126 comprises a 
material not comprising an oxide to avoid oxidation of ?rst 
conductive lines 124. Cap layer 126 may comprise a nitride 
such as SiXNy, for example, Where x and y are integers of 1 
or greater. Also, preferably, metal conductive lines Within a 
metalliZation layer of the semiconductor Wafer are formed 
simultaneously With the formation of ?rst conductive lines 
124, not shoWn. 

[0031] Aphotoresist 128 is applied to cover cap layer 126, 
as shoWn in FIG. 3. Photoresist 128 typically comprises an 
organic polymer. A lithography mask, not shoWn, is used to 
pattern the photoresist 128 to de?ne the shape, siZe and 
location for a second set of conductive lines that Will be 
formed, to be described further herein. The critical dimen 
sion (CD) of the mask may be 3x of the minimum ground 
rules, for example, and the overlay is not critical because the 
Width of the second set of conductive lines is not critical. 
The Wafer 100 is exposed, for example, to a UV light, and 
developed to remove undesired portions of photoresist 128 
using either a positive or negative exposure process, leaving 
the structure shoWn in FIG. 3 having photoresist portions 
128 residing over portions of insulating layer 122. 

[0032] The Wafer 100 is etched to create trenches 130 
abutting ?rst conductive lines 124, as shoWn in FIG. 4. 
Regions 132 of dielectric material in insulating layer 122 
may remain residing betWeen some of ?rst conductive lines 
124, as shoWn. The optional cap layer 126 remains on the 
tops of the remaining insulating layer in regions 132, and 
also on the tops of ?rst conductive lines 124. 
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[0033] The etch process to form trenches 130 may com 
prise, for example, a reactive ion etch (RIE) process. Pref 
erably, trenches 130 have about the same depth as ?rst 
conductive lines 124. Because the RIE etch process is 
selective to the material used for ?rst conductive lines 124, 
?rst conductive lines 124 are substantially unaffected during 
the etch process. Therefore, the overlay in this step is not 
critical, and the structure is self-aligned to the ?rst conduc 
tive lines 124. Smaller than ground rule features may be 
formed because the structure is self-aligned. The ?rst con 
ductive lines 124 remain standing along With trenches 130 
on either side after the photoresist strip and cleaning, as 
shoWn in FIG. 4. 

[0034] A capacitor dielectric 134 is deposited over ?rst 
conductive lines 124, regions 132 of dielectric material 
remaining betWeen ?rst conductive lines 124, and trenches 
130. Capacitor dielectric 134 preferably comprises a dielec 
tric such as a ?lm containing SiXNy or SiC deposited by 
plasma-enhanced chemical vapor deposition (PECVD), for 
eXample. Alternatively, capacitor dielectric 134 may com 
prise other dielectric materials, for eXample. Preferably, 
capacitor dielectric 134 is relatively thin, e.g., 200 to 700 
Angstroms thick,and is conformal. Capacitor dielectric 134 
comprises the capacitor dielectric betWeen vertical MIMcap 
plates, and also may serve as a cap layer for subsequently 
deposited conductive materials in accordance With the 
present invention. 

[0035] A conductive material 136 is deposited over the 
capacitor dielectric 134, shoWn in FIG. 5. Conductive 
material 136 may comprise any conducting material such as 
a metal, and preferably comprises CVD W or CVD Al. 
Alternatively, conductive material 136 comprises TiN, Ti, 
Ta, TaN, TiW, Cu, Si or various combinations thereof, 
deposited by PVD (physical vapor deposition), CVD or 
plating, for eXample. 
[0036] The eXcess conductive material 136 is removed 
from the surface of the Wafer 100, for eXample, by chemical 
mechanical polishing (CMP) or other etch process, to leave 
second conductive lines 136 remaining in trenches 130. Cap 
layer 126 may serve as an etch or CMP stop layer for the 
second conductive layer 136 removal. 

[0037] FIG. 6 illustrates a vertical MIMcap structure 144 
comprising a plurality of vertical MIM capacitors a-b (140), 
c-d-e (142) and f-g and others formed in accordance With an 
embodiment of the present invention. For eXample, ?rst 
conductive line 124 shoWn at “a” and second conductive line 
136 shoWn at “b” comprise tWo capacitive plates that 
sandWich a vertical portion 137 of capacitor dielectric 134 to 
form a vertical MIM capacitor 140. A schematic represen 
tation of the vertical MIM capacitor 140 is shoWn in FIG. 
7. A plurality of other vertical MIM capacitors 140 may be 
formed Within a single insulating layer 122 such as the 
vertical MIMcap shoWn at “f-g”. 

[0038] Referring again to FIG. 6, multiple ?rst and second 
conductive lines 124 and 136 shoWn at “c-d-e” may be 
placed along the vertical sides of one another to form a 
double-sided capacitor 142. A schematic representation of 
the double-sided vertical MIM capacitor 142 is shoWn in 
FIG. 8. A plurality of other double-sided vertical MIM 
capacitors 142 may be formed Within a single insulating 
layer 122. 
[0039] Conductive lines 124 may be coupled together 
Within the same conductive layer by conductive etch line 
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152, as shoWn in a top vieW in FIG. 9. Similarly, conductive 
lines 136 may be coupled together in the same conductive 
layer by conductive etch line 154. Etch lines 152 and 154 
may be coupled to pads 156 and 158, respectively. Pads 156 
and 158 may be electrically coupled to subsequently or 
previously-deposited metal layers by vias above or beloW 
pads 156/158, for eXample. Coupling conductive lines 124 
and lines 136 together essentially couples the various ver 
tical MIMcaps together in parallel, as shoWn in the sche 
matic representation at 146 across nodes 160 and 162 in 
FIG. 9. Because capacitors in parallel add, coupling the 
vertical MIMcaps in parallel increases the capacitance of the 
overall vertical MIM capacitor device 144 shoWn in FIG. 9. 

[0040] Another preferred embodiment of the present 
invention is shoWn in FIG. 10, Where alternating conductive 
plates 224/236 are formed With a vertical portion of capaci 
tor dielectric 234 betWeen them. In this embodiment, the 
lithography pattern eXposes more than one conductive line 
236, shoWn in the photoresist pattern 228 in phantom. The 
?rst conductive lines 224 are densely packed in this embodi 
ment. All of the insulating layer 222 is removed from 
betWeen the ?rst conductive lines 224. Capacitor dielectric 
234 is deposited over eXposed areas of insulating region 222 
and over the tops and sideWalls of ?rst conductive lines 224. 
Second conductive lines 236 are formed betWeen ?rst con 
ductive lines 224 With only a thin layer of capacitor dielec 
tric 234 residing betWeen the ?rst 224 and second 236 
conductive lines. The embodiment shoWn in FIG. 10 results 
in a relaXed critical dimension and overlay tolerance, and 
self-alignment of the second conductive lines 236 Within the 
insulating layer 222. All or several of the conductive lines 
236 and conductive lines 224, respectively, may be coupled 
together to form a comb capacitor 256. A schematic repre 
sentation 258 of the comb capacitor 256 is shoWn across 
nodes 260 and 262. 

[0041] The plurality of conductive lines 224/236 may be 
coupled together in a comb/comb fashion in the same 
conductive layer, shoWn in a top vieW in FIG. 11. Alterna 
tively, the conductive lines 224/236 may be coupled together 
in a comb/comb fashion in a via layer, not shoWn. Conduc 
tive lines 224 may be coupled together Within the same 
conductive layer by conductive etch line 254, as shoWn in a 
top vieW in FIG. 9. Similarly, conductive lines 236 may be 
coupled together in the same conductive layer by conductive 
etch line 252. Etch lines 252 and 254 may be coupled to pads 
256 and 258 formed Within the same layer, respectively Pads 
256 and 258 may be coupled to subsequently or previously 
deposited metal layers by vias above or beloW pads 
2561258, (not shoWn) for eXample. 
[0042] The present invention achieves technical advan 
tages as a vertical MIM capacitor 144/256 formed Within a 
single insulating layer 122/222 of a semiconductor Wafer. 
The vertical MIM capacitor 144/256 disclosed herein uti 
liZes Wafer surface area more ef?ciently than prior art 
horiZontal MIMcaps. The vertical MIMcap 144/256 
described herein may be ?ve times smaller, for eXample, 
than horiZontal MIMcaps producing the same capacitance. 
Only one mask level is required, and the structure 144/256 
is self-aligning, relaxing critical dimensions and overlay 
tolerance. The vertical MIMcap may be formed in the same 
inter-level dielectric layer 122/222 as metal leads in a 
metalliZation layer. The depth of the conductive lines may be 
the same as the inter-level dielectric thickness, to increase 
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the capacitor area ef?ciency. The capacitor dielectric 134/ 
234 of the vertical MIMcap 144/256 also serves as a cap 
layer for the conductive material used to form capacitor 
plates 136/236. The cap layer 126 may serve as a CMP or 
etch stop for removing excess conductive material 136. A 
vertical double-sided MIMcap 142 and a comb capacitor 
256 may be produced in accordance With the present inven 
tion. Furthermore, a plurality of vertical MIMcaps may be 
coupled together in parallel to increase the capacitance. 

[0043] While cross-sectional vieWs of the present vertical 
MIMcap are shoWn in FIGS. 2 through 6 and FIG. 10, the 
MIMcap capacitor plates 124/224 and 136/236 are prefer 
ably square or rectangular, and may run lengthWise along the 
semiconductor Wafer by a distance (not shoWn) according to 
the capacitance desired. Alternatively, rather than being 
parallel, the ?rst and second conductive lines 124/224 and 
136/236 may form other shapes such as U-shape, circles or 
Zig-Zags, for example. 

[0044] While the invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations in combinations of the illustrative embodiments, as 
Well as other embodiments of the invention, Will be apparent 
to persons skilled in the art upon reference to the description. 
In addition, the order of process steps may be rearranged by 
one of ordinary skill in the art, yet still be Within the scope 
of the present invention. It is therefore intended that the 
appended claims encompass any such modi?cations or 
embodiments. Moreover, the scope of the present applica 
tion is not intended to be limited to the particular embodi 
ments of the process, machine, manufacture, composition of 
matter, means, methods and steps described in the speci? 
cation. Accordingly, the appended claims are intended to 
include Within their scope such processes, machines, manu 
facture, compositions of matter, means, methods, or steps. 

What is claimed is: 
1. A method of fabricating a metal-insulator-metal (MIM) 

capacitor, comprising: 
forming an insulating layer; 

forming at least one ?rst conductive line Within a top 
portion of the insulating layer; 

forming at least one trench abutting the ?rst conductive 
line Within the insulating layer; 

depositing a capacitor dielectric over the insulating layer, 
trench, and the ?rst conductive line; and 

?lling the trench With a conductive material to form a 
second conductive line. 

2. The method according to claim 1 Wherein the ?rst 
conductive line, capacitor dielectric and the second conduc 
tive line form a vertical MIM capacitor. 

3. The method according to claim 2 further comprising 
depositing a cap layer over the insulating layer and the ?rst 
conductive line. 

4. The method according to claim 1 Wherein forming at 
least one ?rst conductive line Within a top portion of the 
insulating layer comprises forming a plurality of ?rst con 
ductive lines. 

5. The method according to claim 4 Wherein forming at 
least one trench Within the insulating layer comprises form 
ing at least one trench betWeen the ?rst conductive lines. 
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6. The method according to claim 5 Wherein ?lling the 
trench With a conductive material to form a second conduc 
tive line comprises forming at least one second conductive 
line betWeen the ?rst conductive lines. 

7. The method according to claim 6 Wherein each ?rst and 
second conductive line is separated from one another by a 
vertical portion of capacitor dielectric, Wherein any tWo of 
the ?rst or second conductive lines disposed around a 
vertical portion of capacitor dielectric comprise a double 
sided vertical MIM capacitor. 

8. The method according to claim 1 Wherein forming 
trenches Within the insulating layer top portion betWeen the 
?rst conductive lines comprises removing substantially all of 
the insulating layer betWeen the ?rst conductive lines. 

9. The method according to claim 8 Wherein the ?rst 
conductive lines and the second conductive lines comprise 
approximately the same Width and depth. 

10. The method according to claim 1 Wherein forming the 
?rst and second conductive line comprise forming metal 
lines. 

11. The method according to claim 1 Wherein forming the 
?rst line comprises forming copper lines and forming the 
second line comprises forming tungsten lines. 

12. The method according to claim 1 Wherein forming an 
insulating layer comprises forming an inter-level dielectric. 

13. The method according to claim 2 further comprising: 

simultaneously forming interconnect lines in a metalliZa 
tion layer, When forming the ?rst conductive line of the 
vertical MIM capacitor. 

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

an insulating layer; 

at least one ?rst conductive line formed Within a top 
portion of the insulating layer; 

at least one second conductive line disposed proximate 
the ?rst conductive line Within the top portion of the 
insulating layer; and 

a capacitor dielectric disposed betWeen at least the ?rst 
conductive line and the second proximate conductive 
line. 

15. The MIM capacitor according to claim 14 Wherein the 
?rst conductive line, capacitor dielectric, and the second 
conductive line form a vertical MIM capacitor. 

16. The MIM capacitor according to claim 15 further 
comprising a cap layer disposed over the insulating layer 
and the ?rst conductive line. 

17. The MIM capacitor according to claim 15 Wherein the 
capacitor dielectric resides beneath the second conductive 
line. 

18. The MIM capacitor according to claim 15 Wherein a 
portion of the insulating layer resides betWeen the ?rst and 
second conductive lines. 

19. The MIM capacitor according to claim 15 Wherein 
substantially no portion of the insulating layer resides 
betWeen the ?rst and second conductive lines. 

20. The MIM capacitor according to claim 15 Wherein the 
?rst conductive line and the second conductive line com 
prise approximately the same Widths and depths. 

21. The MIM capacitor according to claim 15 Wherein the 
capacitor dielectric is 200 to 700 Angstroms thick. 

22. The MIM capacitor according to claim 15 Wherein the 
?rst conductive line comprises copper and the second con 
ductive line comprises tungsten. 
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23. The MIM capacitor according to claim 15 wherein the 
insulating layer comprises an inter-level dielectric, Wherein 
interconnect lines are formed Within the inter-level dielec 
tric. 

24. The MIM capacitor according to claim 15 Wherein 
each ?rst and second conductive line is separated from one 
another by a vertical portion of capacitor dielectric. 

25. The MIM capacitor according to claim 15 Wherein any 
tWo of the ?rst or second conductive lines disposed around 
a vertical portion of capacitor dielectric comprise a double 
sided vertical MIM capacitor. 

26. The MIM capacitor according to claim 15 Wherein the 
?rst conductive lines are coupled together and the second 
conductive lines are coupled together to create a comb/comb 
capacitor. 

27. Arnetal-insulator-rnetal (MIM) capacitor, comprising: 

an insulating layer disposed over a substrate; 

a plurality of conductive rnetal lines formed within the 
insulating layer; and 
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a capacitor dielectric disposed betWeen the conductive 
rnetal lines, Wherein the tWo of the conductive rnetal 
lines comprise the plates of a vertical MIM capacitor. 

28. The MIM capacitor according to claim 27 Wherein the 
capacitor dielectric resides beneath every other conductive 
metal line. 

29. The MIM capacitor according to claim 27 Wherein the 
capacitor dielectric is 200 to 700 Angstrorns thick. 

30. The MIM capacitor according to claim 27 further 
comprising a cap layer disposed over the insulating layer 
and every other conductive metal line. 

31. The MIM capacitor according to claim 27 Wherein 
each conductive line is separated from one another by a 
vertical portion of capacitor dielectric. 

32. The MIM capacitor according to claim 27 Wherein any 
tWo adjacent conductive lines disposed around a vertical 
portion of capacitor dielectric comprise a double-sided ver 
tical MIM capacitor. 


