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ABSTRACT

The disclosed is a capacitor substrate structure to reduce the

organic/ inorganic hybrid materials with ultra-high dielectric
constant. The insulation layer, disposed between two conduc

tive layers, includes multi-layered dielectric layers. At least
one of the dielectric layers has high dielectric constant,
including high dielectric constant ceramic powder and con
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resin. The substrate has an insulation resistance of about

50KQ and leakage current of below 100 uAmp under opera

tional voltage.
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CAPACITOR SUBSTRATE STRUCTURE

dielectric layer serves as embedded capacitor. The capacitor

CROSS REFERENCE TO RELATED
APPLICATIONS

ductive metal clad/dielectric layer/re-enforcing material

structure is a conductive metal clad/dielectric layer, or con

layer. TWo substrates With the same material and structure are
laminated to form an embedded capacitor material. A re

This application claims priority of TaiWan Patent Applica

enforcing material layer is used to reduce dimensional defor

tion No. 98118498, ?led on Jun. 4, 2009, and TaiWan Patent

mation from thermal or chemical reactions during the fabri
cation process. The laminating process is used to avoid gaps
betWeen the substrate. The material of the capacitor substrate

Application No. 98124978, ?led on Jul. 24, 2009, the entirety
of Which is incorporated by reference herein.

comprises general ceramic poWders, thermosetting polymers,

BACKGROUND OF THE INVENTION

thermoplastic polymers, and the likes. US. Pat. No. 7,413,
815 B2 utiliZes pre-polymers of some polymers such as PET,

1. Field of the Invention
The present invention relates to a capacitor substrate struc

ture, and in particular relates to the insulation layer thereof.
2. Description of the Related Art
With technological advancement, requirements for more
versatile electronic products have increased. As such, demand
for ?exible electronic products has also increased and
thereby, demand for embedded passive/ active devices in sub
strate. Embedded passive/active devices are designed With
the consideration of requiring minimal circuit board area,

PEN, PVC, PPS, PI, PA, PA-PI, and the likes for an inter

dielectric layer (enforcing layer). Therefore, the substrate
structure is re-enforced With an inter dielectric layer of about
1.5 pm to 10 um.
US. Pat. No. 6,905,757 B2 discloses a fabricating method

for forming an embedded capacitor layer in a PCB, and in
20

nate plate of high mechanical strength. It emphasiZed the
composition and ratio of resin and poWders, Wherein the resin

high device density, and high product yield and reliability. A
capacitor is a common example of one type of passive/active
devices.
HoWever, due to the sputtering or high temperature sinter

particular relates to a double-sided and thin copper clad lami

25

must be solvent soluble polyamide resin polymer is used as
resin. A dielectric layer, such as a single-sided layer of less
than 5 pm, is laminated With a conductive metal clad layer.
The coating and baking processes are repeated to form a

ing methods applied to fabricate pure inorganic capacitor

multi-layered structure With appropriate thickness, and the

substrate materials, costs are relatively high due to require
ment for specialiZed machinery and a high temperature pro
cess (greater than 8000 C.). As such, pure inorganic capacitor

dielectric layer is then laminated With conductive metal clad

layer.
30

TaiWan Pat. No. 1594811 disclose a lamination board for a

substrate materials can not be directly embedded in PCB With

capacitor layer and method for fabricating the same, Wherein

loW temperature process. Accordingly, loW cost printed cir

the multi-layered structure is a copper electrode/aluminum

cuit board (PCB) processes are used to fabricate organic
capacitor substrate materials. HoWever, the dielectric con

binding metal layer composed of an Al, Ni, and Cr/copper

stant (DK) of resin/ceramic poWder composites of organic

oxide barrier layer/modi?ed by an aluminum oxide layer/
35

capacitor substrate materials cannot reach over 40. Thus,

capacitor density for organic capacitor substrate materials is
loW and applicability thereof, is limited. Using conductive

5,688,724 (1997), 6,270,835 B1 (2001), 6,953,721 B2
(2005), 7,217,617 B2 (2007), and 7,323,422 B2 (2008) have

poWders to increase the composite DK to over 45 have been

disclosed. HoWever, organic capacitor substrate materials

electrode. HoWever, the lamination board cannot be fabri
cated by a PCB process.
From 1997 to 2008, many patents such as US. Pat. No.

40

disclosed that a multi-layered dielectric layer can be applied

having conductive poWders are characterized by current leak

in a capacitor or insulation layer of an IC. Almost all of the

age, thus limiting application thereof.
Almost half of the capacitor devices applied in electronic
products today are decoupling capacitors With capacitance of

patents use inorganic material to fabricate the multi-layered
structures by a CVD process of IC. Thus, current leakage

1 nF to 1 HF. Capacitor devices buried into substrates can

45

e?iciently shrink product volume of electronic products.
HoWever, drilling or sealing processes during the fabrication

current from insu?icient thickness is minimiZed.
Accordingly, a novel capacitor structure and related com

position is called for having high dielectric constant and
minimal current leakage.

process are complex. Even though a high temperature sin

tered inorganic capacitor material meets high capacitance
density requirements, it cannot be directly formed in substrate
as capacitors due to high process temperature (9000 C.).
Accordingly, the invention discloses a structural design and
corresponding materials for fabricating a decoupling capaci

BRIEF SUMMARY OF THE INVENTION
50

The invention provides a capacitor substrate structure,
comprising an insulation layer disposed betWeen tWo conduc
tive layers, Wherein the insulation layer comprises: a ?rst
dielectric layer and a second dielectric layer. The second

tor substrate.

In recent year, the embedded capacitor technology is

55

dielectric layer has a greater dielectric constant than the ?rst

Widely discussed, and some loW capacitance capacitor

dielectric layer and the second dielectric layer comprises high

devices are utiliZed in practice. The application thereof is
focused in RF modules, hoWever, it should be applied in more

dielectric constant ceramic poWders and conductive poWders
evenly dispersed in an organic resin.
A detailed description is given in the folloWing embodi
ments With reference to the accompanying draWings.

?elds in future. In fact, the huge patent applications of the
embedded capacitor re?ect that is a compensative area for

60

related companies.
FolloWing are examples of patents related to poWder type

BRIEF DESCRIPTION OF THE DRAWINGS

or resin formula-based capacitors, all of the patents do not
disclose a structure for fabricating capacitors Which reduce

current leakage or have high-k and high capacitor density.
US. Pat. No. 6,657,849 B1 discloses a method for fabri

cating an embedded capacitor layer in PCB, Wherein a thin

The present invention can be more fully understood by
65

reading the subsequent detailed description and examples
With references

ings, Wherein:

made to

the accompanying

draW
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FIG. 1 is cross section of a capacitor substrate structure in
one embodiment of the invention;
FIG. 2 is cross section of a capacitor substrate structure in

The conductive poWders occupies 0.01 Wt % to 20 Wt % of
the DK2. If the ratio is higher than 20 Wt %, the DK2 Will be
conductive other than dielectric. If the ratio is loWer than 0.01
Wt %, the dielectric constant Would not be enhanced by add

another embodiment of the invention;

ing the conductive poWders. The conductive poWders can be
carbon black, carbonanotube, metal, metal oxide, or combi
nations thereof. The carbon black includes high structure
carbon black, loW structure carbon black, carboxyl or
hydroxyl surface modi?ed carbon black, or combinations
thereof. The metal includes nickel, aluminum, silver, copper,
alloys thereof, or combinations thereof. The metal oxide

FIG. 3 is cross section of a via structure of a capacitor

substrate in one embodiment of the invention;
FIG. 4 is cross section of a via structure of a capacitor

substrate in another embodiment of the invention;
FIG. 5 illustrates the stacked capacitor of FIG. 1 connected
by the via of FIG. 3;
FIG. 6 illustrates the stacked capacitor of FIG. 1 connected
by the via of FIG. 4;
FIG. 7 illustrates the stacked capacitor of FIG. 2 connected
by the via of FIG. 3; and
FIG. 8 illustrates the stacked capacitor of FIG. 2 connected
by the via of FIG. 4.

includes A1203, ZnO, Zn(Al)O, SnO2, In2O3, or combina
tions thereof.

In the invention, the organic resin is dissolved in appropri
ate solvent such as DMF, toluene, or other general solvents.
As described above, the organic resin can be epoxy resin

and/or acrylic resin. Subsequently, a curing agent, a catalyst,

DETAILED DESCRIPTION OF THE INVENTION
20

The following description is of the best-contemplated

tive layers, being coated by different dielectric layers, are

mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the

laminated to complete the capacitor substrate structure of the

invention. In addition, the dried dielectric layer (e.g. DK1)
can be coated With another dielectric layer of different com

invention and should not be taken in a limiting sense. The

scope of the invention is best determined by reference to the

25

appended claims.

thick, it Would be dif?cult to enhance capacitor density
thereof. If the insulation layer 11 is too thin, the adherence
betWeen the insulation layer 11 and the conductive layers 13
Would be loWered, and the breakage voltage Would be
reduced. Thus, the insulation layer 11 comprises a ?rst dielec
tric layer (hereinafter DK1) and a second dielectric layer
(hereinafter DK2), Wherein the DK2 has a greater dielectric
constant than the DK1. The DK2 is high-k dielectric layer, at

100 uAmp.
30

Zole, 2-heptadecylimidaZole, 2-ethyl-4-methylimiaZol, and
the likes.
35

40

45

50

include a via structure as shoWn in FIGS. 3 and 4. In FIG. 3,
the via structure in the capacitor substrate 3 0 includes an inner
ring of conductive material and an outer ring of dielectric

layer 31. The dielectric layer 31 can be organic resin, or
further contain high dielectric constant ceramic poWders
evenly dispersed in the organic resin. In FIG. 4, the via further
includes an air gap 35 in the inner ring 33. In the invention, the

form multi-layered capacitor substrate, or optionally served
as one or more layers in a general multi-layered printed circuit

board, Wherein the stacked capacitor substrates are partially
55

acrylic resin.

or fully connected together or connected to other circuits of
multilayered substrate by the described via structure if nec
essary, as shoWn in FIGS. 5-8. The via structures of the
invention are optional, and standard via hole can be adopted
to connect the circuit of the multi-layered substrate.

The high dielectric constant ceramic poWders occupies 5
Wt % to 95 Wt % of the DK1 or the DK2. If the ratio is higher

than 95 Wt %, the adhesion betWeen the conductive layer and
the insulation layer/DK1 Would be degraded. If the ratio is

the DK1 and the DK3. In one embodiment, the DK3 has
similar composition as the DK1, and can be organic resin or

capacitor substrates of FIG. 1 and/ or FIG. 2 can be stacked to

dicyclopentadiene epoxy resin, naphthalene-containing
epoxy resin, diphenylene epoxy resin, novolac epoxy resin, or
o-cresol novolac epoxy resin. The thermosetting resin
includes combinations of epoxy resin/polyphenyl ether,
epoxy resin/polyphenyl ether/polybutadiene, or epoxy resin/

shoWn in FIG. 2. In FIG. 2, the insulation layer 11 is formed
of the DK1, the DK2, and a third dielectric layer (hereinafter
DK3), Wherein the DK2 has a higher dielectric constant than

further contain high dielectric constant ceramic poWders.
The capacitor substrate of the invention may further

acrylic resin, polyimide resin, and/or phenolic resin. The
epoxy resin includes bisphenol A diglycidyl ether, tetrabro
mobisphenol-A ether, cycloaliphatic epoxy resin such as

Although the insulation layer in FIG. 1 is a bi-layered
structure, it can be tri-layered or multi-layered structure as

high dielectric constant ceramic poWders evenly dispersed in
the organic resin. The DK2 is an organic/inorganic composite
comprises high dielectric constant ceramic poWders and con
ductive poWders evenly dispersed in an organic resin.
The described organic resin can be thermoplastic resin,
thermosetting resin, or combinations thereof. The suitable
thermosetting resins for the invention can be epoxy resin,

The curing agent includes diamine, dianhydride, phenol
resin. The catalyst includes boron tri?uoride complex, ter

tiary amine, metal hydroxide, monocyclic oxide, or imidaZole
compound such as l-methylimidZaole, 1,2-dimethylimida

least greater than 45. In one embodiment, the DK1 includes

an organic resin. In another embodiment, the DK1 comprises

position (e.g. DK2), and then laminated to other conductive
layers to complete the capacitor substrate structure of the
invention. The capacitor substrate structure has an insulation
resistance higher than 50 k9 and a leakage current less than

As shoWn in FIG. 1, the invention provides a capacitor
substrate structure including an insulation layer 11 disposed
betWeen tWo conductive layers 13. The insulation layer 11 has
a thickness of 3 pm to 60 pm. If the insulation layer 11 is too

and other additives are added to the solution, evenly dis
persed, and coated on a conductive layer such as copper clad
laminate layer. The solvent of the varnish is then removed to
form a dielectric layer on the conductive layer. The conduc

EXAMPLES

60

loWer than 5 Wt %, it Would be dif?cult to balance the dielec

Example 1

tric constant and the breakage voltage. The high dielectric
constant ceramic poWders can be BaTiO3, Ba(Sr)TiO3,
SrTiO3, NPO, and the likes. In one embodiment, the ceramic
poWders are further doped by one or multiple metal ions such

as calcium ion, magnesium ion, Zirconium ion, bismuth ion,
or the likes.

The preparation of the capacitor substrate of the invention
65

is described beloW.

Different Weight ratios of bisphenol-A diglycidyl ether
(188EL, commercially available from Chang Chun Plastics

US 8,390,984 B2
6

5
co., ltd, Taiwan), tetrabromo bisphenol-A diglcidyl ether
(BEB-350, commercially available from Chang Chun Plas
tics co., ltd, Taiwan), cyclo aliphatic epoxy (HP-7200 com
mercially available from DIC, Japan), and multifunctional

The DKl vanish Was coated on a copper clad laminate, and

charged in an oven (120° C. for 15 minutes) to remove sol
vent, such that the B-stage of the resin Was e?iciently con
trolled. OtherWise, the DK2 vanish Was coated on a copper

epoxy Were Weighted as shoWn in Table 1, added 10 mL of 5 foil and char ed in an oven 120° C. for 15 minutes to
DMF, and then heated to 90° C. to 95° C. to completely
’
g
(
.
)
dissolve the resin
remove solvent, such that the B-stage of the resin Was e?i

Different Weight ratios of diaminodiphenyl sulfone (abbre-

Ciemly Controlled‘ Subsequently’ the DKI Coated Copper foil

Viated DDS, Commercially available from ACROS’ America)
Was laminated With the DK2 coated copper foil at 200° C. for
Served as a Curing agent, and boron n-i?uoride mono_ethy_ 10 2.5 hours. Thereafter, the bi-layered capacitor substrate struc
lamine (abbreviated BF3-MEA, commercially available from
ture of copper clad laminate (CCL) With high dielectric con
ACROS, America) served as a catalyst Were Weighted as
stant Was completed. The described capacitor substrate Was
shown In Table 1, and added to the descnbed epoxy resln
also completed by another method. The DK 1 vanish Was
solution. After the cunng agent and the catalyst Were totally
Coated on a Copper foil, and Charged in an Oven (1200 C_ for 15

dlssolved’ the polyester typefhspersam (Umqema) Was added
to the solution, and the solution Was cooled to room tempera- 15

minutes) to remove solvent, such that the B-stage of the resin
-

-

-

.
.
.
.
ture to become a resin b1nder. The resin b1nder Was added
-

Was ef?ciently controlled. Altemat1vely, the DK2 varn1sh Was
.
.
.
d1rectly coated on the DKl coating, and charged in an oven

SrTiO3, or NPO, and stirred With a high speed to form the
Varnish for forming the high_k di e1 ectric layer DKL Funher_

(120 C‘ for 15 mmutes) to_ remove Solvent’ sllch _th2_lt the
B-stage of the resin Was e?iciently controlled. This b1-d1elec'

different weight ratios of ceramic poWders such as BaT1O3,

o

_

more, the binder Was added different Weight ratios of high 20 me layer (DKI and DK2) Coated Copper foll Was then laml'

d1electr1c constant ceram1c poWders such as BaT1O3, SrT1O3,

Hated Wlth a ‘blank Copper f011_ at 200 C- for 25 hours

Or NPO and Conductive powders Such as Carbon black, aluminum Zinc Oxide, and aluminum, and Stirred with a high
speed to form the vanish for forming the high-k dielectric
lay er DK2.

Thereafter, the b1-layered capac1tor substrate structure With
high dielectric constant Was completed. It is understood that
the described methods can be applied to form tri-layered
DKl, DK2, and DK3 dielectric structures in ExamP le 1-4.
TABLE 1
Example 1-1

Composition

Bisphenol-A

DKl

DK2

Example 1-2
DKl

Example 1-3

DK2

DKl

DK2

9.15

9.10

9.10

9.05

9.02

9.10

5.50

5.50

5.50

5.60

5.56

5.50

2.25

2.30

2.30

2.35

2.32

2.30

1.90

1.80

1.85

1.80

1.78

1.85

4.25
0.07
0

4.20
0.07
0

4.23
0.07
0

4.25
0.07
0

4.22
0.07
0

4.25
0.07
0

diglycidyl ether (g)
Tetrabromo

bisphenol-A diglcidyl
ether (g)
Cyclo aliphatic epoxy

(g)
Multi?mctional

@POXy (g)
DDS (g)
BF3-MEA (g)
TPI (thermoplastics)

Dispersive agent (g)
BaTiO3 (g)
SrTiO3 (g)
Carbon black (g)
AZO (g)
A1 (g)

2.5
120
0
0
0
0

2.5
110
0
1.58
0
0

2.5
0
120
0
0
0

Example 1-4
Composition
Bisphenol-A

DKl

DK2

2.5
110
0
1.60
0
0

2.5
0
125
0
0
0

Example 1-5
DK3

DKl

DK2

2.5
0
110
0
3.0
0

Example 1-6
DKl

DK2
0

9.15

9.12

9.13

0

9.10

0

5.50

5.50

5.52

18.9

9.80

9.80

18.9

2.30

2.30

2.30

0

0

9.10

0

1.85

1.92

1.85

0

0

0

0

4.24
0.07
0

4.25
0.07
0

4.25
0.07
0

4.25
0.07
0

4.26
0.07
0

4.25
0.07
0

4.23
0.07
0

diglycidyl ether (g)
Tetrabromo

bisphenol-A diglcidyl
ether (g)
Cyclo aliphatic epoxy

(g)
Multi?mctional

@POXy (g)
DDS (g)
BF3-MEA (g)
TPI (thermoplastics)

Dispersive agent (g)
BaTiO3 (g)
SrTiO3 (g)
Carbon black (g)
AZO (g)
Al (g)

2.5
146
0
0
0
0

2.5
110
0
1.57
0
0

2.5
146
0
0
0
0

2.5
140
0
0
0
0

2.5
110
0
1.58
0
0

2.5
140
0
0
0
0

2.5
110
0
1.60
0
0
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TABLE l-continued
Example 1-7

Example 1-8

DK2

DK1

Example 1-9

Composition

DK1

DK2

DK1

DK2

Bisphenol-A

9.15

9.13

0

9.11

9.15

9.14

5.50

5.52

0

5.52

5.52

5.50

2.30

2.30

0

2.31

2.31

2.31

1.85

1.90

0

1.90

1.86

1.89

DDS (g)
BF3-MEA (g)
TPI (thermoplastics)

4.24
0.07
0

4.23
0.07
0

0
0
20

4.25
0.07
0

4.24
0.07
0

4.23
0.07
0

Dispersive agent (g)
BaTiO3 (g)
SrTiO3 (g)
Carbon black (g)

0
0
0
0
0
0

2.5
110
0
1.57
0
0

0
0
0
0

2.5
110
0
1.58
0
0

diglycidyl ether (g)
Tetrabromo

bisphenol-A diglcidyl
ether (g)
Cyclo aliphatic epoxy

(g)
Multi?mctional

@POXY (g)

AZO (g)
Al (g)

0
0

2.5
110
0
0
0
0

0.3
10
0
0
0
1.76

Comparative Example 1

The physical properties and DK1/DK2/DK3 thickness of

the bi-layered capacitor substrates in Examples

1-1 to 1-9

Were measured and tabulated in Table 2. The peel strength 25
Similar to Example 1, the difference for Comparative
Example 1 Was that the insulation layer of the capacitor
Was analyzed by the IPC-650 standard, the insulation current
and the leakage current Were measured under an operational
substrate Was single-layered DK1 or DK2, and not bi-layered.
In Comparative Example 1, the DK1 included organic resin
voltage of 10V, and the soldering resistance (delamination or
and high dielectric constant ceramic powders, and the DK2
bubbling) Was measured at 2880 C./3 min.
TABLE 2
Properties

Example 1-1

DK1 thickness (pm)
DK2 thickness (pm)
DK3 thickness (pm)

15
15
0

8
15
0

Dielectric constant

73.51

97.2

Example 1-2 Example 1-3
3
1.5
0

6
4.5
0

58.2

65.9

15
0

10
10
0

83.9

55

(1 MHZ)
Peel strength (lb/in)

5.4

5.6

4.2

4.6

5.3

5.1

Insulation resistance

1.9E+10

1.8E+05

2.9E+05

1.2E+06

1.2E+05

1.1E+09

5.2E-10
OK

5.5E-05
OK

3.5E-05
OK

8.3E-06
OK

8.3E-05
OK

9.1E-09
OK

(Q)
Leakage current (A)
soldering resistance

Properties
DK1 thickness (pm)
DK2 thickness (pm)
DK3 thickness (pm)
Dielectric constant

Example 1-4
7
30
7
117

Example 1-5

9
30
9
105

7
18
7
97.2

7
10
0
101.3

7
7
0
86.5

Example 1-6
5
15
0
142.6

9
12
0
98.6

(1 MHZ)
Peel strength (lb/in)

5.1

5.3

5.0

Insulation resistance

1.2E+08

1.1E+08

1.8E+09

3.2E+05

4.90

8.3E+06

4.72

1.2E+05

5.02

1.9E+06

5.10

8.1E-08
OK

9.2E-08
OK

5.6E-09
OK

3.1E-05
OK

1.2E-06
OK

8.3E-05
OK

5.3E-06
OK

(Q)
Leakage current (A)
soldering resistance

Properties

Example 1-7

Example 1-8

Example 1-9

DK1 thickness (pm)
DK2 thickness (pm)
DK3 thickness (pm)

1
15
0

1.2
19
0

5
20
0

Dielectric constant

55.3

52.6

55.1

4.96
1.3E+07
7.7E-07
OK

4.28
3.0E+07
3.3E-07
OK

4.73
1.7E+08
5.9E-08
OK

(1 MHZ)
Peel strength (lb/in)
Insulation resistance (9)
Leakage current (A)
soldering resistance
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included organic resin, high dielectric constant ceramic poW
ders and conductive poWders. The processes such as mixing,

?cations and similar arrangements (as Would be apparent to
those skilled in the art). Therefore, the scope of the appended

coating, removing of solvent, and laminating in Comparative

claims should be accorded the broadest interpretation so as to

Example 1 Were similar to that of Example 1. The composi

encompass all such modi?cations and similar arrangements.

tions and corresponding Weight ratio of Comparative
Example 1 Were tabulated in Table 3.

What is claimed is:

1. A capacitor substrate structure, comprising:
an insulation layer disposed betWeen tWo conductive lay
ers, comprising:

TABLE 3
Composition

Comparative

Comparative

Example 1-1

Example 1-2

9.15

9.10

5 .50

5.50

a ?rst dielectric layer and a second dielectric layer,
Wherein:
the second dielectric layer has a greater dielectric
constant than the ?rst dielectric layer;

ether (g)
Cyclo aliphatic
WOW (5;)

2.15

2.20

the second dielectric layer comprises ceramic poW
ders and conductive poWders dispersed in an

Multifunctional

1.80

1.82

organic resin; and
the ceramic poWders comprise BaTiO3, BaSrTiO3,

4.20
0.07

4.23
0.07

SrTiO3, NPO, or combinations thereof.
2. The capacitor substrate structure as claimed in claim 1,

Bisphenol-A

diglycidyl ether (g)
Tetrabromo

bisphenol-A diglcidyl

WOW (5;)
DDS (g)
BF3-MEA (g)

Dispersive agent (g)
BaTiO3 (g)
SrTiO3 (g)

2.5
110
0

Carbon black (g)

1.60

2.6
110
0

Wherein the organic resin comprises thermoplastic resin or

thermosetting resin.
3. The capacitor substrate structure as claimed in claim 1,
Wherein the ceramic poWders have a particle siZe having a

0.8

The thickness and physical properties of the single-layered
capacitor substrate having high dielectric constant in Com

25

4. The capacitor substrate structure as claimed in claim 1,
Wherein the ceramic poWders are further doped by a metal ion

parative Examples 1-1 and 1-2 Were measured and tabulated

in Table 4. The peel strength Was analyZed by the lPC-650
standard, the insulation current and the leakage current Were

measured under an operational voltage of 10V, and the sol
dering resistance (delamination or bubbling) Was measured at

comprising calcium ion, magnesium ion, Zirconium ion, or
30

Properties
Thickness (mm)
Dielectric constant (1 MHZ)

Peel strength (1 b/in)
Insulation resistance (9)
Leakage current (A)
Soldering resistance

35

Comparative

Comparative

Example 1-1

Example 1-2

20
402.3

20
80.5

5.3

5.5

<1 .0E+2
>1.0E—2
OK

7. The capacitor substrate structure as claimed in claim 6,
40

45

Wherein the metal oxide comprises A1203, ZnO, Zn(Al)O,
SnO2, ln2O3, or combinations thereof.
50

11. The capacitor substrate structure as claimed in claim 1,

Wherein the ?rst dielectric layer comprises ceramic poWders
dispersed in an organic resin.
55

layered structure in Example 1-1, thereby simultaneously
enhancing the insulation resistance of the capacitor substrate.
The thickness of the dielectric layer in?uences properties
60

the insulation layer (composed of the DKl of 9 pm and the
DK2 of 15 um) had high dielectric constant of 83.9 and high
insulation resistance of 1.2 E+0.05Q

stood that the invention is not limited to the disclosed embodi
ments. To the contrary, it is intended to cover various modi

12. The capacitor substrate structure as claimed in claim 1,
Wherein the insulation layer further comprises a third dielec
tric layer composed of an organic resin, the second dielectric

layer is disposed betWeen the ?rst dielectric layer and the

such as dielectric constant, leakage current, and insulation

While the invention has been described by Way of example
and in terms of the preferred embodiments, it is to be under

10. The capacitor substrate structure as claimed in claim 1,

Wherein the ?rst dielectric layer comprises an organic resin.

substrate of Example 1-1, the DKl and DK2 Was stacked to

resistance. In Example 1-2, the capacitor substrate applying

Wherein the metal comprises Ni, Al, Ag, Cu, alloys thereof, or
combinations thereof.
9. The capacitor substrate structure as claimed in claim 6,

form a bi-layered structure, or dual-coated to form a bi

layered structure. The dielectric constant Was largely
enhanced Without increasing leakage current due to the bi

Wherein the conductive carbon black comprises high struc
ture carbon black, loW structure carbon black, carboxyl or
hydroxyl surface modi?ed carbon black, or combinations
thereof.
8. The capacitor substrate structure as claimed in claim 6,

resistance.

On the other hand, for the Examples utiliZing the bi-layered
high dielectric constant dielectric structures, in the capacitor

diameter of 10 nm to 2 um, and the conductive poWders and
the second dielectric layer have a Weight ratio of 0.01 :100 to
20: 100.
6. The capacitor substrate structure as claimed in claim 1,

Wherein the conductive poWders comprise conductive carbon
black, metal, metal oxide, or combinations thereof.

2.9E+3
3.5E-3
OK

As shoWn in Table 4, the dielectric constant of the capacitor
substrates in Comparative Examples 1-1 and 1-2 reached 400
or 80, hoWever, serious current leakage problems occurred
and the Comparative Examples shoWed very loW insulation

bismuth ion.
5. The capacitor substrate structure as claimed in claim 1,

Wherein the conductive powders have a particle size having a

2880 C./3 min.
TABLE 4

diameter of 20 nm to 2 pm, and a Weight ratio of 5% to 95%

in the second dielectric layer.

65

third dielectric layer, and the second dielectric layer has a
greater dielectric constant than the third dielectric layer.
13. The capacitor substrate structure as claimed in claim 1,
Wherein the insulation layer further comprises a third dielec

tric layer comprising ceramic poWders dispersed in an
organic resin, the second dielectric layer is disposed betWeen
the ?rst dielectric layer and the third dielectric layer, and the
second dielectric layer has a greater dielectric constant than

the third dielectric layer.
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14. The capacitor substrate structure as claimed in claim 1,
further comprising a Via partially or fully connecting the
capacitor substrate structure of claim 1 With another capacitor
substrate structure or other circuits of the substrate, Wherein

Wherein the dielectric material comprises an organic resin
or ceramic poWders dispersed in an organic resin.
15. The capacitor substrate structure as claimed in claim
14, Wherein the Via further comprises an air gap in the inner

the Via comprises:
an inner ring composed of a conductive material; and
an outer ring composed of a dielectric material,

5 ring.

