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(57) ABSTRACT 
Integrated capacitor structures and methods for fabricating 
same are provided. In an embodiment, the integrated capaci 
tor structures exploit the capacitance that can be formed in a 
plane that is perpendicular to that of the Substrate, resulting in 
three-dimensional capacitor structures. This allows for inte 
grated capacitor structures with higher capacitance to be 
formed over relatively small substrate areas. Embodiments 
are Suitable for use by charge pumps and can be fabricated to 
have more or less capacitance as desired by the application. 
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THREE DIMIENSIONAL CAPACTOR 

BACKGROUND 

0001 1. Field of the Invention 
0002 The present disclosure relates generally to inte 
grated capacitors. 
0003 2. Background Art 
0004 Capacitors are commonly needed in integrated cir 
cuits. Although capacitors serve various functions depending 
on the circuit design and purpose, it is desirable to minimize 
the substrate area required to form the capacitors. For 
instance, one common use of capacitors is to enable charge 
pumps, which are used to produce necessary Voltages for 
other circuits. One way to produce higher Voltages using a 
charge pump includes employing a larger number of capaci 
tors in the charge pump. However, when the capacitors are 
integrated with the circuits that they support, this solution can 
require a significant area of the Substrate. Another way to 
produce higher Voltages using a charge pump includes 
decreasing the thickness of the dielectric that separates the 
charge pump capacitors plates. This, however, reduces the 
maximum Voltage that can be stored in the resulting capaci 
tors, and may be precluded in Some cases by the minimum 
required breakdown Voltage of the capacitors and/or other 
devices integrated with the capacitors. 

BRIEF SUMMARY 

0005 Integrated capacitor structures and methods for fab 
ricating same are provided. In an embodiment, the integrated 
capacitor structures exploit the capacitance that can be 
formed in a plane that is perpendicular to that of the substrate, 
resulting in three-dimensional capacitor structures. This 
allows for integrated capacitor structures with higher capaci 
tance to be formed over relatively small substrate areas. 
Embodiments are suitable for use by charge pumps and can be 
fabricated to have more or less capacitance as desired by the 
application. 

BRIEF DESCRIPTION OF THE 
DRAWINGS/FIGURES 

0006 The accompanying drawings, which are incorpo 
rated herein and form a part of the specification, illustrate the 
present disclosure and, together with the description, further 
serve to explain the principles of the disclosure and to enable 
a person skilled in the pertinent art to make and use the 
disclosure. 
0007 FIG. 1A illustrates an example capacitor structure 
according to an embodiment. 
0008 FIG. 1B illustrates example capacitances that can 
result from the example capacitor structure of FIG. 1A. 
0009 FIG. 2A illustrates another example capacitor struc 
ture according to an embodiment. 
0010 FIG. 2B illustrates example capacitances that can 
result from the example capacitor structure of FIG. 2A. 
0011 FIG.3A illustrates another example capacitor struc 
ture according to an embodiment. 
0012 FIG. 3B illustrates example capacitances that can 
result from the example capacitor structure of FIG. 3A. 
0013 FIG. 4 illustrates another example capacitor struc 
ture according to an embodiment. 
0014 FIGS. 5A-5E are cross sectional views illustrating 
various example steps in a method of fabricating a capacitor 
structure according to an embodiment. 
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(0015 The present disclosure will be described with refer 
ence to the accompanying drawings. Generally, the drawing 
in which an element first appears is typically indicated by the 
leftmost digit(s) in the corresponding reference number. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0016 Capacitors are commonly needed in integrated cir 
cuits. For instance, one common use of capacitors is to enable 
charge pumps, which are used to produce necessary Voltages 
for integrated circuits. For example, charge pumps are inte 
grated into most non-volatile memory integrated circuits in 
order to produce the necessary (commonly high) Voltages for 
programming, reading, and erasing the memory cells of the 
memory. Typically, the charge pump receives a single exter 
nal power Supply Voltage (e.g., 1.8 or 3.3 Volts) and produces 
various higher or lower Voltages as needed by the memory. 
For example, the charge pump can double the external power 
Supply Voltage by charging two capacitors up to the external 
power Supply Voltage, disconnecting the two capacitors from 
the external power Supply, and then connecting the two 
capacitors in series. 
0017. One way to produce higher currents using a charge 
pump includes employing a larger number of capacitors or 
capacitors with larger areas. Typically, however, charge pump 
capacitors are integrated with the same integrated circuits that 
they support. For example, charge pump capacitors are com 
monly plate capacitors, formed between a conductor layer 
(e.g., a polycrystalline silicon layer used for forming gate 
devices of the integrated circuits) and a conducting substrate, 
separated by a dielectric (e.g., a gate oxide layer of the gate 
devices). As such, this solution can require a significant area 
of the substrate. 
0018. Another way to produce higher currents using a 
charge pump includes increasing the capacitance of the 
charge pump capacitors. With increasing the capacitor Sur 
face area being undesirable, the capacitance can be increased 
by decreasing the thickness of the dielectric separating the 
charge pump capacitors plates. This, however, reduces the 
maximum Voltage that can be stored in the resulting capaci 
tors, and may be precluded in Some cases by the minimum 
required breakdown Voltage of the capacitors and/or other 
devices integrated with the capacitors. For example, if the 
charge pump capacitors use as dielectric the gate oxide layer 
of integrated gate devices, then the decrease of the dielectric 
thickness can be limited by Voltage requirements of the inte 
grated gate devices. 
0019. Accordingly, there is a need for integrated capacitor 
structures that can provide high capacitance while requiring 
small substrate area. Embodiments as further described 
below provide Such integrated capacitor structures by exploit 
ing the capacitance that can be formed in a plane that is 
perpendicular to that of the Substrate. As such, embodiments 
enable what is referred to herein as a three-dimensional 
capacitor structure. Embodiments are suitable for use by 
charge pumps and can be fabricated to have more or less 
capacitance as desired by the application. A fabrication 
method for fabricating integrated capacitor structures accord 
ing to embodiments is also provided. 
0020. This specification discloses one or more embodi 
ments that incorporate the features of this invention. The 
disclosed embodiment(s) merely exemplify the present 
invention. The scope of the present invention is not limited to 
the disclosed embodiment(s). The present invention is 
defined by the claims appended hereto. 
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0021. The embodiment(s) described, and references in the 
specification to “one embodiment,” “an embodiment,” “an 
example embodiment, etc., indicate that the embodiment(s) 
described may include a particular feature, structure, or char 
acteristic, but every embodiment may not necessarily include 
the particular feature, structure, or characteristic. Moreover, 
Such phrases are not necessarily referring to the same 
embodiment. Further, when a particular feature, structure, or 
characteristic is described in connection with an embodi 
ment, it is understood that it is within the knowledge of one 
skilled in the art to effect such feature, structure, or charac 
teristic in connection with other embodiments whether or not 
explicitly described. 
0022 FIG. 1A illustrates an example capacitor structure 
100 according to an embodiment. Example capacitor struc 
ture 100 is provided for the purpose of illustration and is not 
limiting of embodiments. As shown in FIG. 1A, example 
capacitor structure 100 includes a substrate 102, a first con 
ductor layer disposed over substrate 102 and patterned to 
form first and second conductors 104a and 104b, a dielectric 
106 disposed over first and second conductors 104a and 104b, 
and a second conductor layer 108 disposed over dielectric 
layer 106. 
0023 First and second conductors 104a and 104b are 
separated by a separation region 110, and each has a top 
Surface, a first sidewall, and a second sidewall. In an embodi 
ment, first and second conductors 104a and 104b comprise 
doped polycrystalline silicon (poly), but can be of any con 
ducting material as would be apparent to a person of skill in 
the art based on the teachings herein. 
0024 Dielectric 106 is disposed over first and second con 
ductors 104a and 104b to cover the first sidewall, the second 
sidewall and optionally the top surface of each of first con 
ductors 104a and 104b. In an embodiment, dielectric 106 also 
covers the exposed regions of Substrate 102, including sepa 
ration region 110. 
0025. In an embodiment, dielectric 106 includes one or 
more dielectric layers. For example, dielectric 106 may 
include a silicon nitride layer sandwiched between two sili 
con dioxide layers to create a three-layer stack collectively 
and commonly referred to as “ONO. In an embodiment, the 
silicon nitride layer is used as a charge trapping layer. Other 
charge trapping dielectric may also be used including a sili 
con-rich nitride film, or any film that includes, but is not 
limited to, silicon, oxygen, and nitrogen in various Stoichi 
ometries. 

0026. The second conductor layer includes a portion 108a 
disposed along the first sidewall of first conductor 104a, a 
portion 108b disposed along the second sidewall of first con 
ductor 104a, a portion 108c disposed along the first sidewall 
of second conductor 104b, and a portion 108d disposed along 
the second sidewall of second conductor 104b. In an embodi 
ment, the second conductor layer comprises poly, but can be 
of any conducting material as would be apparent to a person 
of skill in the art based on the teachings herein. 
0027 FIG. 1B illustrates example capacitances that can 
result from example capacitor structure 100 of FIG. 1A. Spe 
cifically, with respect to the structure formed around first 
conductor 104a, a first capacitance C can beformed between 
the first sidewall of first conductor 104a and portion 108a of 
the second conductor layer, and a second capacitance C can 
be formed between the second sidewall of first conductor 
104a and portion 108b of the second conductor layer. Capaci 
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tances C and C are formed in a plane that is perpendicular to 
the plane provided by the top surface of substrate 102. 
0028. The first and second capacitances C and C are 
electrically coupled by a common end provided by first con 
ductor 104a. In an embodiment, the first and second capaci 
tances C and C are also electrically coupled by their respec 
tive other ends (provided by portion 108a and portion 108b 
respectively), resulting in the first and second capacitances C 
and C being coupled in parallel. This parallel coupling 
increases the overall capacitance that can be produced by the 
structure formed around first conductor 104a. Similar capaci 
tances can be produced using the structure thrilled around 
second conductor 104b. 
0029 FIG. 2A illustrates another example capacitor struc 
ture 200 according to an embodiment. Example capacitor 
structure 200 is provided for the purpose of illustration and is 
not limiting of embodiments. In this example, separation 
region 110 between first and second conductors 104a and 
104b is completely bridged by the second conductor layer. 
This occurs when a ratio between a height (thickness) of the 
second conductor layer, when disposed over dielectric 106, 
and a length of separation region 110 is configured Such that 
portions 108b and 108c form a contiguous portion 108e 
across separation region 110. In an embodiment, the ratio is 
configured such that portion 108e includes a pinch off region 
where portions 108b and 108c meet, as shown in FIG. 2A. 
0030 FIG. 2B illustrates example capacitances that can 
result from example capacitor structure 200 of FIG. 2A. Like 
example structure 100 described above, with respect to the 
structure formed around first conductor 104a, a first capaci 
tance C can be formed between the first sidewall of first 
conductor 104a and portion 108a of the second conductor 
layer, and a second capacitance C can beformed between the 
second sidewall of first conductor 104a and portion 108e of 
the second conductor layer. Similar capacitances can be pro 
duced using the structure formed around second conductor 
104b. 
0031. In addition, a third capacitance C. can be formed 
between portion 108e and substrate 102. As a result, in an 
embodiment, higher capacitance can be realized using 
example capacitor structure 200 than using example capaci 
tor structure 100. However, with third capacitance C being a 
function of the length of separation region 110, the realized 
capacitance may be sensitive to process variations in the 
length of separation region 110. 
0032 FIG.3A illustrates another example capacitor struc 
ture 300 according to an embodiment. Example capacitor 
structure 300 is provided for the purpose of illustration and is 
not limiting of embodiments. In this example, the second 
conductor layer is disposed over dielectric 106 and is not 
etched back, resulting in a single contiguous layer. Specifi 
cally, the second conductor layer includes (among other por 
tions) portions 108a, 108b. 108c, 108d, a portion 108f dis 
posed over the top surface of first conductor 104a, a portion 
108h disposed over the top surface of second conductor 104b, 
and a portion 108g disposed between portions 108b and 108c 
(portion 108g is disposed laterally to first conductor 104a and 
adjacent to portion 108b). 
0033 FIG. 3B illustrates example capacitances that can 
result from example capacitor structure 300 of FIG. 3A. Like 
example structure 100 described above, with respect to the 
structure formed around first conductor 104a, a first capaci 
tance C can be formed between the first sidewall of first 
conductor 104a and portion 108a of the second conductor 
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layer, and a second capacitance C can beformed between the 
second sidewall of first conductor 104a and portion 108b of 
the second conductor layer. Further, a fourth capacitance Ca 
can be formed between portion 108f of the second conductor 
layer. Which is disposed over the top surface of first conduc 
tor 104a, and the top surface of first conductor 104a. Similar 
capacitances can be produced using the structure formed 
around second conductor 104b. 
0034) The first, second, and fourth capacitances C. C. 
and Care electrically coupled by a common end provided by 
first conductor 104a. In an embodiment, the first, second, and 
fourth capacitances C, C, and C are also electrically 
coupled by their respective other ends (provided by portions 
108a, 108b, and 108f respectively of the second conductor 
layer), resulting in the first, second, and fourth capacitances 
C. C., and C being coupled in parallel. This parallel cou 
pling increases the overall capacitance that can be produced 
by the structure formed around first conductor 104a. 
0035. In addition, like example capacitor structure 200, a 
third capacitance C can beformed between the portion of the 
second conductor layer that sits between first and second 
conductors 104a and 104b and substrate 102. This portion of 
the second conductor includes portion 108g and respective 
regions of portions 108b and 108c that sit above substrate 
102. 
0036. In an embodiment, higher capacitance can be real 
ized using example capacitor structure 300 than using 
example capacitor structures 100 and 200. However, the over 
all realized capacitance may vary with third capacitance C. 
being a function of the length of separation region 110 (and 
may thus be sensitive to process variations in the length of 
separation region 110) and fourth capacitance C being a 
function of the width of the first and second conductors 104a 
and 104b (and thus may be sensitive to lithography critical 
dimension (CD) variations that may cause the width of the 
disposed conductors to vary from one capacitor structure to 
another). 
0037. In the embodiments described above in FIGS. 1A, 
2A, and 3A, the first conductor layer is disposed directly over 
substrate 102 and then patterned to form first and second 
conductors 104a and 104b. Dielectric 106 is then disposed 
over first and second conductors 104a and 104b to cover the 
top surface, the first sidewall, and the second sidewall of each 
of first conductors 104a and 104b and the exposed regions of 
substrate 102, including separation region 110. In other 
embodiments, as illustrated in FIG. 4, for example, an isola 
tion layer 402 is disposed over substrate 102 before disposing 
the first conductor layer. The first conductor layer is then 
disposed over isolation layer 402 and patterned to form first 
and second conductors 104a and 104b over isolation layer 
402. Isolation layer 402 can be a dielectric (e.g., oxide) or an 
insulating Substrate, for example, and serves to increase the 
Voltage potential that can be applied to the resulting capacitor 
structure without causing it damage. 
0038 FIGS. 5A-5E are cross sectional views illustrating 
various example steps in a method of fabricating a capacitor 
structure according to an embodiment. These example steps 
are provided for the purpose of illustration and are not limit 
ing of embodiments. The method illustrated in FIGS. 5A-5E 
can be used to fabricate the example capacitor structures 
described in FIGS. 1A, 2A, 3A, and 4 above. 
0039. Description of the fabrication method begins with 
reference to FIG.5A, which shows a first conductor layer 504 
disposed over a substrate 502. Substrate 502 can be a silicon 
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substrate, and first conductor layer 504 can be a polycrystal 
line silicon (poly), for example. First conductor layer 504 can 
be disposed over substrate 502 by a standard deposition pro 
cess. In another embodiment, an isolation layer (e.g., dielec 
tric or insulating substrate) (not shown in FIG. 5A) is dis 
posed over substrate 502, and first conductor layer 504 is 
disposed over the isolation layer. This increases the Voltage 
potential that can be applied to the resulting capacitor struc 
ture without causing it damage. 
0040. Then, as shown in FIG.5B, first conductor layer 504 

is patterned to form first and second conductors 510, spaced 
by a separation region 512. Each of the first and second 
conductors 510 has a top surface 514, a first sidewall 516, and 
a second sidewall 518. In an embodiment, patterning first 
conductor layer 504 to form first and second conductors 510 
includes creating a photo resist mask (e.g., using standard 
lithography steps) over Substrate 502 and etching (e.g., dry 
etching) first conductor layer 504 according to the created 
photo resist mask. The photo resist mask is then stripped and 
a wet clean is performed. 
0041. Subsequently, as illustrated in FIG. 5C, a dielectric 
506 is disposed over first and second conductors 510 and the 
exposed regions of substrate 502. In an embodiment, the 
dielectric includes one or more dielectric layers. For example, 
the dielectric may include a silicon nitride layer sandwiched 
between two silicon dioxide layers to create a three-layer 
stack collectively and commonly referred to as “ONO. in an 
embodiment, the silicon nitride layer is used as a charge 
trapping layer. Other charge trapping dielectric may also be 
used including a silicon-rich nitride film, or any film that 
includes, but is not limited to, silicon, oxygen, and nitrogen in 
various stoichiometries. 
0042. In an embodiment, dielectric 506 includes a bottom 
oxide layer, a nitride layer, and a top oxide layer. To form the 
dielectric, bottom oxide layer is formed (e.g., grown or depos 
ited) over the first and second conductors 510 and the exposed 
regions of substrate 502. Then, the nitride layer is formed 
(e.g., deposited) over the bottom oxide layer, and the top 
oxide layer is formed (e.g., grown or deposited) over the 
nitride layer. 
0043. Then, as illustrated in FIG. 5D, a second conductor 
layer 508 is disposed over dielectric 506. Second conductor 
layer 508 can be a poly layer, for example. Second conductor 
layer 508 can be disposed over dielectric layer 506 by a 
standard deposition process, for example. In an embodiment, 
a height 520 of second conductor layer 508 is greater than a 
half length of separation region 512 between first and second 
conductors 510. As such, the portion of second conductor 
layer 508 that is disposed over separation region 512 bridges 
separation region 512 between first and second conductors 
510 as shown in FIG. 2A, for example. 
0044. In an embodiment, the fabrication method termi 
nates with the step illustrated in FIG. 5D, resulting in a 
capacitor structure similar to example capacitor structure 300 
described above in FIGS. 3A and 3B. As described above, 
Such capacitor structure has the added capacitance that results 
between second conductor layer 508 and top surface 514 of 
first or second conductors 510. For the same reason, however, 
the overall capacitance of the structure may vary due to 
lithography critical dimension (CD) variations that may 
cause the width of the disposed first and second conductor 
510 to vary from one capacitor structure to another. 
0045. In another embodiment, the fabrication method then 
proceeds as illustrated in FIG. 5E, where second conductor 
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layer 508 is etched (e.g., anisotropically dry etched). In an 
embodiment, second conductor layer 508 is etched over top 
surfaces 514 of first and second conductors 510 until dielec 
tric 506 is exposed. The etching also exposes dielectric 506 in 
a portion 522 of separation region 512 and results in the 
formation of first and second spacers 524 and 526 (of second 
conductor layer 508) along first sidewalls 516 of first and 
second conductors 510 respectively. The resulting capacitor 
structure is similar to example capacitor structure 100 
described above in FIGS. 1A and 1B. As described above, this 
structure is less sensitive to lithography CD variations, which 
makes it suitable for applications requiring Substantially con 
stant capacitance, such as charge pumps, for example. 
0046 Embodiments have been described above with the 
aid of functional building blocks illustrating the implemen 
tation of specified functions and relationships thereof. The 
boundaries of these functional building blocks have been 
arbitrarily defined herein for the convenience of the descrip 
tion. Alternate boundaries can be defined so long as the speci 
fied functions and relationships thereofare appropriately per 
formed. 
0047. The foregoing description of the specific embodi 
ments will so fully reveal the general nature of the disclosure 
that others can, by applying knowledge within the skill of the 
art, readily modify and/or adapt for various applications such 
specific embodiments, without undue experimentation, with 
out departing from the general concept of the present disclo 
Sure. Therefore, Such adaptations and modifications are 
intended to be within the meaning and range of equivalents of 
the disclosed embodiments, based on the teaching and guid 
ance presented herein. It is to be understood that the phrase 
ology or terminology herein is for the purpose of description 
and not of limitation, such that the terminology or phraseol 
ogy of the present specification is to be interpreted, by the 
skilled artisan in light of the teachings and guidance. 
0048. The breadth and scope of embodiments of the 
present disclosure should not be limited by any of the above 
described exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 
What is claimed is: 
1. A capacitor structure, comprising: 
a Substrate; 
a first conductor disposed over the substrate, the first con 

ductor having a top surface, a first sidewall, and a second 
sidewall; 

a dielectric layer disposed over the first conductor, the 
dielectric layer covering the first sidewall and the second 
sidewall of the first conductor; and 

a second conductor disposed over the dielectric layer, the 
second conductor having a first portion disposed along 
the first sidewall of the first conductor and a second 
portion disposed along the second sidewall of the first 
conductor. 

2. The capacitor structure of claim 1, wherein a first capaci 
tance is formed between the first sidewall of the first conduc 
tor and the first portion of the second conductor, and a second 
capacitance is formed between the second sidewall of the first 
conductor and the second portion of the second conductor. 

3. The capacitor structure of claim 1, wherein the dielectric 
layer further covers the top surface of the first conductor, and 
wherein the second conductor comprises a third portion dis 
posed over the top surface of the first conductor. 

Jun. 19, 2014 

4. The capacitor structure of claim3, whereina capacitance 
is formed between the top surface of the first conductor and 
the third portion of the second conductor. 

5. The capacitor structure of claim 3, wherein the second 
conductor further comprises a fourth portion disposed later 
ally to the first conductor and adjacent to the first portion. 

6. The capacitor structure of claim 5, whereina capacitance 
is formed between the substrate and the fourth portion of the 
second conductor. 

7. The capacitor structure of claim 1, wherein the dielectric 
layer comprises an oxide-nitride-oxide (ONO) layer. 

8. The capacitor structure of claim 1, wherein the first 
conductor is disposed directly over the substrate. 

9. The capacitor structure of claim 1, further comprising: 
an isolation layer disposed over the substrate, wherein the 

first conductor is disposed over the isolation layer. 
10. The capacitor structure of claim 1, wherein at least one 

of the first conductor and the second conductor comprises a 
polycrystalline silicon. 

11. A capacitor structure, comprising: 
a Substrate; 
a first conductor layer disposed over the substrate, the first 

conductor layer patterned to form first and second con 
ductors spaced by a separation region, the first and Sec 
ond conductors each having a top Surface, a first side 
wall, and a second sidewall; 

a dielectric layer disposed over the first and second side 
walls of each of the first and second conductors; and 

a second conductor layer disposed over the dielectric layer, 
the second conductor layer having a first portion dis 
posed along the first sidewall of the first conductor, a 
second portion disposed along the first sidewall of the 
second conductor, and a third portion disposed in the 
separation region between the second sidewall of the 
first conductor and the second sidewall of the second 
conductor. 

12. The capacitor structure of claim 11, wherein a height of 
the second conductor layer is greater than a half length of the 
separation region. 

13. The capacitor structure of claim 11, wherein the third 
portion of the second conductor layer bridges the separation 
region between the first and second conductors. 

14. The capacitor structure of claim 11, wherein the third 
portion of the second conductor layer includes a pinch off 
region. 

15. The capacitor structure of claim 11, wherein the dielec 
tric layer is further disposed over the top surfaces of the first 
and second conductors, and wherein the second conductor 
layer further comprises a fourth portion disposed over the top 
Surfaces of the first and second conductors. 

16. A method of fabricating a capacitor structure, compris 
ing: 

disposing a first conductor layer over a Substrate; 
patterning the first conductor layer to form first and second 

conductors spaced by a separation region, the first and 
second conductors each having a top Surface, a first 
sidewall, and a second sidewall; 

disposing a dielectric layer over the first and second con 
ductors and the Substrate; and 

disposing a second conductor layer over the dielectric 
layer. 

17. The method of claim 16, further comprising: 
etching the second conductor layer along the top Surfaces 

of the first and second conductors. 
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18. The method of claim 17, further comprising: 
etching the second conductor layer in a portion of the 

separation region to form a first spacer of the second 
conductor layer along the first sidewall of the first con 
ductor and a second spacer of the second conductor layer 
along the first sidewall of the second conductor. 

19. The method of claim 16, further comprising: 
disposing an isolation layer over the Substrate, wherein the 

first conductor layer is disposed over the isolation layer. 
20. The method of claim 16, wherein disposing the dielec 

tric layer comprises: 
disposing a first oxide layer over the first conductor layer; 
disposing a nitride layer over the first oxide layer, and 
disposing a second oxide layer over the nitride layer. 

k k k k k 
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