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A hybrid capacitor is provided which includes a substrate, at 
least one plate capacitor and at least one through hole capaci 
tor. The Substrate has through holes and the plate capacitors 
are on the Substrate. At least one through hole capacitor and at 
least one plate capacitor are in parallel. The through hole 
capacitor at least includes an anode layer, a first dielectric 
layer, a first cathode layer and a second cathode layer. The 
anode layer is disposed on an inner Surface of at least one 
through hole, and a Surface of the anode layer is a porous 
structure. The first dielectric layer is disposed on the porous 
structure of the anode layer and covered with the first cathode 
layer. The first cathode layer is covered with the second 
cathode layer. A conductivity of the second cathode layer is 
larger than a conductivity of the first cathode layer. 
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HYBRD CAPACTOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the priority benefit of Tai 
wan application serial no. 96149241, filed on Dec. 21, 2007. 
The entirety the above-mentioned patent application is 
hereby incorporated by reference herein and made a part of 
specification. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention is related to a hybrid capacitor 
capable of stabilizing a Voltage and reducing noise on a high 
frequency and a method of fabricating the same. 
0004 2. Description of Related Art 
0005. In order to meet the demand for multiple functions 
in electronic products, the latest trend in the system in pack 
age (SiP) technology tends to package integrated circuits (IC) 
having different functions into one multi-functional IC mod 
ule in a three-dimensional stacking mode. When different ICs 
are integrated by three-dimensional stacking, in order to solve 
the problem of mismatch between the upper and lower layers 
of IC pins, an interposer is added for redistribution of upper 
and lower chip signals So as to coordinate the upper and lower 
layers of ICs. As a number of stacked layers increases, arrang 
ing SMD capacitors on a circuit board is not sufficient to 
fulfill the requirement of stabilizing a common Voltage when 
a plurality of layers of chips are stacked together. 
0006 Furthermore, as the working frequency of ICs 
increases, if high frequency noise is removed only by a decou 
pling capacitor on the circuit board, since a transmission path 
is too long because of Stacking multiple layers of ICs, para 
sitic inductance are therefore increased and high frequency 
noise would be difficult to remove. 

SUMMARY OF THE INVENTION 

0007. The present invention is directed to a hybrid capaci 
tor capable of providing large capacitance so as to stabilize 
Voltage between chips and remove high-frequency interfer 
CCC. 

0008. The present invention is directed to a hybrid capaci 
tor including a Substrate, at least one plate capacitor and at 
least one through hole capacitor. The Substrate has a plurality 
of through holes, and the plate capacitor is disposed on the 
Substrate. The through hole capacitor is disposed in at least 
one through hole and connected in parallel with the plate 
capacitor. The through hole capacitor itself may be wholly or 
partially connected in parallel. This type of through hole 
capacitor at least includes an anode layer, a first dielectric 
layer, a first cathode layer and a second cathode layer. The 
anode layer is at least disposed on an inner Surface of the 
through hole, and at least the anode layer on the inner Surface 
of the through hole is a porous structure. The first dielectric 
layer is at least disposed on the porous structure of the anode 
layer. The first dielectric layer is covered with the first cathode 
layer, and the first cathode layer is covered with the second 
cathode layer. A conductivity of the second cathode layer is 
larger than a conductivity of the first cathode layer. 
0009. In the present invention, the through hole capacitor 
having the anode layer with the porous structure is connected 
in parallel with the plate capacitor, and thus a hybrid capacitor 
having large capacitance is obtained. Moreover, the hybrid 
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capacitor of the present invention capable of fulfilling the 
requirements is designed through coordinating the through 
hole capacitors having the anode layer with the porous struc 
ture and the plate capacitors. Hence, the hybrid capacitor of 
the present invention provides a capacitance larger than 0.1 
uF within the size of a chip to stabilize Voltage among chips 
and simultaneously remove high-frequency interference of 
1-4 GHz. 
0010. In order to make the aforementioned and other 
objects, features and advantages of the present invention 
more comprehensible, preferred embodiments accompanied 
with figures are described in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The accompanying drawings are included to pro 
vide a further understanding of the invention, and are incor 
porated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, 
together with the description, serve to explain the principles 
of the invention. 
0012 FIG. 1 is a three-dimensional view of a substrate of 
a hybrid capacitor according to the first embodiment of the 
present invention. 
0013 FIG. 2 is a schematic cross-sectional view along line 
II-II of FIG. 1. 
0014 FIG. 3 is a schematic cross-sectional view of a 
hybrid capacitor according to a transformed example of FIG. 
2 

0015 FIG. 4 is a schematic cross-sectional view of a 
hybrid capacitor according to the second embodiment of the 
present invention. 
0016 FIG. 5 is a top view of a hybrid capacitor according 
to the third embodiment of the present invention. 
0017 FIG. 6 is a schematic cross-sectional view along line 
VI-VI of FIG.S. 
0018 FIG. 7 is a top view of a hybrid capacitor according 
to a transformed example of FIG. 5. 
0019 FIG. 8 is a simulated curve diagram between imped 
ance and frequency of the hybrid capacitor of FIG. 7. 
(0020 FIGS. 9A through 9C are three transformed 
examples of a hybrid capacitor according to the third embodi 
ment of the present invention. 

DESCRIPTION OF EMBODIMENTS 

0021 Please refer to the accompanying drawings while 
reading the following description for a comprehensive under 
standing of the present invention. The drawings illustrate a 
plurality of embodiments of the present invention. Neverthe 
less, the present invention may also be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth hereinafter. In reality, the embodi 
ments are provided to render disclosure of the present inven 
tion more explicit and complete and thereby fully convey the 
Scope of the present invention to people ordinarily skilled in 
the art. For the purpose of clarity, the sizes and relative sizes 
of each of the layers in the drawings may be illustrated in 
exaggerated proportions. 
0022 FIG. 1 is a substrate having a hybrid capacitor or a 
silicon interposer according to the first embodiment of the 
present invention. FIG. 2 is a schematic cross-sectional view 
along line II-II of FIG. 1. 
(0023 Referring to FIGS. 1 and 2, a hybrid capacitor 10 of 
the first embodiment includes a substrate 100, at least one 
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plate capacitor 110 and at least one through hole capacitor 
120. The substrate 100 has a plurality of through holes 102 
and the plate capacitor 110 is disposed on the substrate 100. 
The through hole capacitors 120 are disposed in at least one 
through hole 102 and connected in parallel with the plate 
capacitor 110. The through hole capacitor 120 at least 
includes an anode layer 122, a first dielectric layer 124, a first 
cathode layer 126 and a second cathode layer 128. According 
to the first embodiment of the present invention, the substrate 
100 is a silicon substrate. The substrate 100 may also be an 
organic Substrate, a metal Substrate oran insulating Substrate. 
The through holes 102 in the substrate 100 may be arranged in 
an array. Further, besides disposing the through hole capaci 
tor 120 therein, the through holes 102 may also serve as a 
portion of a circuit line 140. Such as connecting a power 
output terminal and a signal terminal through a bump 142, and 
the through hole capacitor 120 is a ground terminal. In addi 
tion, although the first embodiment demonstrates a circular 
through hole capacitor 120, the present invention should not 
be construed as limited to the specific shape described in the 
first embodiment and may also include other feasible shapes, 
Such as a hexagonal, a circular, a square or a ring-shaped 
through hole capacitor. 
0024. Still referring to FIG. 2, the anode layer 122 is at 
least disposed on an inner surface of the through hole 102. A 
material of the anode layer 122 is, for example, aluminum 
(Al), tantalum (Ta), niobium (Nb) or niobium oxide (NbO). 
Moreover, the anode layer 122 at least on the inner surface of 
the through hole 102 is a porous structure 130, as illustrated in 
a locally enlarged view on the upper right corner of FIG. 2. 
The first dielectric layer 124 is disposed on the porous struc 
ture 130 of the anode layer 122. For example, when the anode 
layer 122 is an aluminum layer and the porous structure 130 
is a structure obtained after aluminum is etched, the first 
dielectric layer 124 is Al-O formed on a surface of the porous 
structure 130 after the porous structure 130 undergoes anodic 
oxidation. The porous structure 130 may also be called as a 
“sponge-shaped structure'. The first dielectric layer 124 is 
covered with the first cathode layer 126. A material of the first 
cathode layer 126 is, for example, an organic semiconductor, 
an inorganic semiconductor or an organic-inorganic hybrid 
conductive material. The inorganic semiconductor is like 
manganese dioxide (MnO), and the organic semiconductor 
is like a charge transfer complex or a conductive polymer. The 
conductive polymer is, for example, polypyrrole, poly 
thiophene, polyaniline or other Suitable conductive polymers. 
A single conductive polymer material or two mixed conduc 
tive polymers may be selected as a material of the first cathode 
layer 126. Additionally, the first cathode layer 126 may also 
be a multilayer structure, and not limited to the single-layered 
structure described in the first embodiment of the present 
invention. 

0025 Referring again to FIG. 2, since the material of the 
first cathode layer 126 has a self-healing ability, when in a 
high leakage current region, the material becomes locally 
insulation so that leakage current of elements in the capacitor 
is reduced. The second cathode layer 128 fills up the through 
holes 102 so as to cover a surface of the first cathode layer 
126. A conductivity of the second cathode layer 128 is larger 
than a conductivity of the first cathode layer 126. The second 
cathode layer 128 includes a carbon- and metal-containing 
composite layer. The metal in the composite layer includes 
silver (Ag), copper (Cu), gold (Au) or nickel (Ni). In other 
words, a material of the second cathode layer 128 may be 
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C/Ag, or C/Cu or C/Au. The second cathode layer 128 may 
also be a pure metal layer. The second cathode layer 128 
includes filling up the through holes 102. 
(0026. Still referring to FIG. 2, the plate capacitor 110 at 
least includes a first conductive layer 112, a second conduc 
tive layer 114 disposed thereon and a second dielectric layer 
116. The second dielectric layer 116 is disposed between the 
first conductive layer 112 and the second conductive layer 
114. A capacitance of the plate capacitor 110 is below 0.1 uF, 
for example. The plate capacitor 110 may be disposed on two 
sides of the substrate 100 besides on one side of the substrate 
100 as illustrated in FIG. 2. A dielectric coefficient of the 
second dielectric layer 116 in the plate capacitor 110 is about 
1-2000 and a thickness of the second dielectric layer is about 
0.1 um-10 um, for example. In the first embodiment of the 
present invention, a material of the second dielectric layer 116 
is selected from a group consisted of, for example, barium 
zirconate titanate (BZT); barium strontium titanate (BST); 
barium titanate; barium titanate containing at least one ele 
ment of Pb, Nb, W. Ca,Mg and Zn; lead titanate; lead zircon 
ate titanate (PZT); polycrystalline lanthanum-modified lead 
zirconate titanate (PLZT); lead niobate and deratives thereof; 
and lead tungstate and deratives thereof. 
0027. Furthermore, FIG. 2 illustrates as a cross-sectional 
view. The cross-sectional view only schematically illustrates 
in an idealistic manner, and therefore an actual implementa 
tion may have a shape different from that of FIG. 2 because of 
design requirements and/or tolerance. Hence, the present 
invention should not be construed as limited to the specific 
shape depicted in the first embodiment and may include other 
feasible shapes. For example, a shape of the plate capacitor 
110 in FIG. 2 includes a plain shape, such as a hexagon, a 
circle or a square. Therefore, the cross-sectional view is sche 
matic in essence, and the shape thereofdoes not represent an 
exact shape of an element and is not intended to limit the 
scope of the present invention. The first conductive layer 112 
or the second conductive layer 114 may adopt a conductive 
material identical to that of the anode layer 122 or adopt the 
same conductive material as the second cathode layer 128. A 
surface of the substrate 100 is covered with an insulation layer 
144. 

0028 FIG.3 is a schematic cross-sectional view of a trans 
formed example of the hybrid capacitor of FIG. 2. The same 
reference numerals are used in FIG.3 as those in FIG. 2 to 
represent the same elements. Referring to FIG. 3, the most 
significant difference between FIG.3 and FIG.2 lies in that a 
porous structure 300 of the anode layer 122 extends to the 
surface of the substrate 100 out of the through holes 102. 
Alternatively speaking, the first dielectric layer (not illus 
trated) disposed on a surface of a porous structure 300 also 
extends to the surface of the substrate 100 out of the through 
holes 102. As a result, the capacitance of the through holes 
102 grows larger. 
0029 FIG. 4 is a schematic cross-sectional view of a 
hybrid capacitor according to the second embodiment of the 
present invention. 
0030) Referring to FIG. 4, a hybrid capacitor 40 of the 
second embodiment includes a metal substrate 400, at least 
one plate capacitor 410 and at least one through hole capacitor 
420. The metal substrate 400 has a plurality of through holes 
402. A portion of the metal substrate 400 can serve as a first 
conductive layer 412 of the plate capacitor 410. A second 
conductive layer 414 of the plate capacitor 410 is disposed on 
a surface of a second dielectric layer 416. The second dielec 
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tric layer 416 is disposed between the metal substrate 400 and 
the second conductive layer 414. For materials which may be 
selected to fabricate the second dielectric layer 416, please 
refer to those materials previously listed in the first embodi 
ment. 

0031 Referring to FIG. 4, the through hole capacitor 420 
is disposed in the through hole 402 and is connected in par 
allel with the plate capacitor 410. Furthermore, a metal sub 
strate is adopted in the second embodiment, and therefore a 
portion of the metal substrate 400 may serve as an anode layer 
422 of the through hole capacitor 420. A porous structure 430 
is disposed on an inner surface of the through hole 402. A first 
dielectric layer 424 is disposed on the porous structure 430, as 
illustrated in a locally enlarged view on the upper right corner 
of FIG. 4. Positions, materials and choices of structures for a 
first cathode layer 426 and a second cathode layer 428 may 
refer to the first embodiment may for all further details and 
hence are not to be reiterated herein. Moreover, because of the 
metal substrate 400, a portion thereof connected to the anode 
does not require a through hole to be fabricated therein. With 
regard to the through hole for transmitting signals, an insula 
tion layer 444 is required to be disposed between the through 
hole 402 and a circuit line 440. The through holes 402 in the 
metal Substrate 400 may also be arranged in an array. A shape 
of the through hole capacitor 420 as that in the first embodi 
ment, besides a circle, may also include other feasible shapes, 
Such as a hexagon, a square or a ring shape. Furthermore, a 
shape of the plate capacitor 410 in FIG.4 may include a plain 
shape, such as a hexagon, a circle or a square. In addition, a 
portion of the metal substrate 400 may serve as a first con 
ductive layer and an anode layer, or alternatively, a sputtering 
process may be performed on other conductive materials on 
the metal substrate 400 to form the first conductive layer or 
the anode layer. 
0032 FIG. 5 is a top view of a hybrid capacitor according 

to the third embodiment of the present invention. FIG. 6 is a 
schematic cross-sectional view along line VI-VI of FIG. 5. 
0033 Referring to FIGS. 5 and 6, a hybrid capacitor 50 of 
the third embodiment includes a substrate 500, at least one 
plate capacitor 510 and at least one through hole capacitor 
520. The substrate 500 has a through hole 502 and the through 
hole capacitor 520 is disposed in the through hole 502. A 
structure of the through hole capacitor 520 is identical to that 
of the through hole capacitor in the first embodiment, and 
therefore the reference numerals of the first embodiment are 
adopted herein to represent the same or similar elements. The 
plate capacitor 510 is disposed on the substrate 500 surround 
ing the through hole capacitor 520 and connected in parallel 
therewith. A structure of the plate capacitor 510 is identical to 
that of the plate capacitor in the first embodiment, and there 
fore the reference numerals of the first embodiment are 
adopted herein to represent the same or similar elements. The 
plate capacitor 510 and the substrate 500 are also covered 
with an insulation layer 530. 
0034. According to the third embodiment, the substrate 
500 may be a silicon substrate. The substrate 500 may also be 
a metal Substrate, an organic Substrate or an insulating Sub 
strate. When the substrate 500 is a metal substrate, a portion 
of the substrate 500 may serve as a first conductive layer of the 
plate capacitor 510 and another portion of the substrate 500 
may serve as an anode layer of the through hole capacitor 520. 
0035) Referring again to FIG. 5, the plate capacitor 510 in 
FIG. 5 and the through hole capacitor 520 are disposed as a 
hexagon in an array. Thus, a position and a number of the plate 
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capacitor is designed according to an amount of required 
capacitance, as illustrated in FIG. 7. In FIG. 7, a single 
through hole capacitor 720 and three circles of plate capaci 
tors 710a, 710b and 710c constitute a hybrid capacitor 70. 
The plate capacitors 710a, 710b and 710c may adopt capaci 
tors having different dielectric coefficients and thereby obtain 
a simulated curve diagram between impedance and frequency 
as illustrated in FIG.8. It is known from FIG. 8that the hybrid 
capacitor of the third embodiment of the present invention is 
a hybrid capacitor designed to have low impedance within a 
broadband frequency range to Suit actual requirements. 
0036 Referring again to FIGS. 6 and 7, when the plate 
capacitors 710a, 710b and 710care connected in parallel with 
the through hole capacitor 720, besides connected in parallel 
with the substrate 500 on the same side, two sides of the 
substrate 500 may be disposed with the plate capacitors, or 
the plate capacitors may be alternately disposed on both sides 
of the substrate. Additionally, the plate capacitors and the 
through hole capacitors in the third embodiment may also 
have other transformations, such as a circular through hole 
capacitor 900a and a ring-shaped plate capacitor 910a of FIG. 
9A, a square through hole capacitor 900b and a square plate 
capacitor 910b of FIG.9B, a hexagonal through hole capaci 
tor 900c and a hexagonal ring-shaped plate capacitor 910c of 
FIG.9C. 
0037. Further, although only one through hole capacitor is 
illustrated in the hybrid capacitors of the foregoing embodi 
ments, people ordinarily skilled in the art pertinent to the 
present invention should be able to understandupon reference 
to the foregoing embodiments that a number of the through 
hole capacitors may also be increased according to actual 
requirements so as to form the through hole capacitors in 
parallel with one another. 
0038. In summary, the hybrid capacitor of the present 
invention is designed to fulfill actual requirements through 
coordinating the through hole capacitors having the anode 
layer with the porous structure and the plate capacitors. For 
example, the hybrid capacitor of the present invention pro 
vides a capacitance larger than 0.1 uF within the size of a chip 
to stabilize Voltage among chips and simultaneously remove 
high-frequency interference of 1-4 GHz. Moreover, the 
hybrid capacitor is Suitable to serve as a silicon interposer 
substrate capacitor (SISC) and may certainly be disposed on 
the organic substrate below the IC. 
0039. Although the present invention has been disclosed 
above by preferred embodiments, they are not intended to 
limit the present invention. Anybody skilled in the art can 
make some modifications and alterations without departing 
from the spirit and scope of the present invention. Therefore, 
the protecting range of the present invention falls in the 
appended claims. 

What is claimed is: 
1. A hybrid capacitor, comprising: 
a Substrate, the Substrate having a plurality of through 

holes; 
at least one plate capacitor, disposed on the Substrate; and 
at least one through hole capacitor, disposed in at least one 

through hole and connected in parallel with the plate 
capacitor, the through hole at least comprising: 
an anode layer, at least disposed on an inner Surface of 

the through hole, wherein the anode layer at least on 
the inner Surface of the through hole is a porous struc 
ture; 
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a first dielectric layer, at least disposed on the porous 
structure of the anode layer; 

a first cathode layer, covering a surface of the first dielec 
tric layer, and 

a second cathode layer, covering a surface of the first 
cathode layer, wherein a conductivity of the second 
cathode layer is larger than a conductivity of the first 
cathode layer. 

2. The hybrid capacitor as claimed in claim 1, wherein the 
plate capacitor Surrounds the through hole capacitor and is 
connected in parallel therewith. 

3. The hybrid capacitor as claimed in claim 1, wherein a 
material of the anode layer of the through hole capacitor 
comprises aluminum (Al), tantalum (Ta), niobium (Nb) or 
niobium oxide (NbO). 

4. The hybrid capacitor as claimed in claim 1, wherein the 
first dielectric layer of the through hole capacitor extends to a 
surface of the substrate out of the through hole. 

5. The hybrid capacitor as claimed in claim 1, wherein a 
material of the first cathode layer of the through hole capaci 
tor comprises an organic semiconductor, an inorganic semi 
conductor or an organic-inorganic hybrid conductive mate 
rial. 

6. The hybrid capacitor as claimed in claim 5, wherein the 
inorganic semiconductor comprises manganese dioxide 
(MnO). 

7. The hybrid capacitor as claimed in claim 5, wherein the 
organic semiconductor comprises a charge transfer complex 
or a conductive polymer. 

8. The hybrid capacitor as claimed in claim 7, wherein the 
conductive polymer comprises polypyrrole, polythiophene or 
polyaniline. 

9. The hybrid capacitor as claimed in claim 7, wherein a 
material of the first cathode layer comprises a single conduc 
tive polymer material or two mixed conductive polymers. 

10. The hybrid capacitor as claimed in claim 1, wherein the 
first cathode layer of the through hole capacitor comprises a 
multilayer structure. 

11. The hybrid capacitor as claimed in claim 1, wherein the 
second cathode layer of the through hole capacitor comprises 
a carbon- and metal-containing composite layer. 

12. The hybrid capacitor as claimed in claim 11, wherein 
the metal in the composite layer comprises silver (Ag), cop 
per (Cu), gold (Au) or nickel (Ni). 

13. The hybrid capacitor as claimed in claim 1, wherein the 
second cathode layer of the through hole capacitor comprises 
a pure metal layer. 

14. The hybrid capacitor as claimed in claim 1, wherein the 
second cathode layer of the through hole capacitor fills up the 
through hole. 
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15. The hybrid capacitor as claimed in claim 1, wherein the 
Substrate comprises a silicon Substrate, an organic Substrate, a 
metal Substrate or an insulating Substrate. 

16. The hybrid capacitor as claimed in claim 1, wherein the 
through holes in the Substrate are arranged in an array. 

17. The hybrid capacitor as claimed in claim 1, wherein the 
plate capacitor at least comprises: 

a first conductive layer; 
a second conductive layer, disposed on the first conductive 

layer; and 
a second dielectric layer, disposed between the first con 

ductive layer and the second conductive layer. 
18. The hybrid capacitor as claimed in claim 17, wherein a 

dielectric coefficient of the second dielectric layer in the plate 
capacitor is about 1-2000. 

19. The hybrid capacitor as claimed in claim 17, wherein a 
thickness of the second dielectric layer in the plate capacitor 
is about 0.1 um-10 um. 

20. The hybrid capacitor as claimed in claim 17, wherein a 
material of the second dielectric layer in the plate capacitor is 
selected from a group consisted of barium Zirconate titanate 
(BZT); barium strontium titanate (BST); barium titanate; 
barium titanate containing at least one element of Pb, Nb, W. 
Ca, Mg and Zn; lead titanate; lead zirconate titanate (PZT): 
polycrystalline lanthanum-modified lead Zirconate titanate 
(PLZT); lead niobate and deratives thereof; and lead tungstate 
and deratives thereof. 

21. The hybrid capacitor as claimed in claim 17, wherein 
the first conductive layer and the second conductive layer 
have a conductive material identical to that of the anode layer. 

22. The hybrid capacitor as claimed in claim 17, wherein a 
metal in the first conductive layer and the second conductive 
layer is a conductive material identical to a metal of the 
second cathode layer. 

23. The hybrid capacitor as claimed in claim 17, wherein 
the Substrate comprises a metal Substrate. 

24. The hybrid capacitor as claimed in claim 23, wherein a 
portion of the metal substrate serves as the first conductive 
layer of the plate capacitor. 

25. The hybrid capacitor as claimed in claim 1, wherein the 
Substrate comprises a metal Substrate. 

26. The hybrid capacitor as claimed in claim 25, wherein a 
portion of the metal substrate serves as the anode layer of the 
through hole capacitor. 

27. The hybrid capacitor as claimed in claim 1, wherein a 
shape of the plate capacitor comprises a hexagon, a circle, a 
Square or a ring shape. 

28. The hybrid capacitor as claimed in claim 1, wherein a 
shape of the through hole capacitor comprises a hexagon, a 
circle, a square or a ring shape. 
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