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(57) ABSTRACT 
An integrated circuit package substrate. At least one insu 
lating layer is formed betWeen every tWo neighboring pat 
terned Wiring layers for isolation. At least a via is formed to 
penetrate through the insulating layers to electrically con 
nect the patterned Wiring layers. A capacitor is formed 
Within at least one of the insulating layer. The capacitor has 
tWo electrodes insulated by a dielectric layer. One of the 
electrodes is connected to a poWer source, While the other is 
connected to ground. 
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INTEGRATED CIRCUIT PAKAGE SUBSTRATE 
INTEGRATING WITH DECOUPLING CAPACITOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application Ser. No. 89117740, ?led Aug. 31, 2000. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates in general to an integrated 
circuit package substrate. More particularly, this invention 
relates to an integrated circuit package substrate integrating 
With a decoupling capacitor. 

[0004] 2. Description of the Related Art 

[0005] Due to the great demand of high density, high 
integration, multi-function, high performance of integrated 
circuit package, the semiconductor chip has approached the 
deep sub-micron regime, and various kinds of high density 
integrated circuit packages have been developed. For 
eXample, the chip scale package (CSP), the multi-chip 
module (MCM) and the Wafer level package have been 
developed and Widely applied in integrated circuit package. 
The laminated board is made of alternate lamination of 
multi-layers of patterned Wiring layers and insulating layers. 
As complex and delicate circuits can be formed Within the 
laminated board, it has been commonly used as the carrier 
for package With high pin counts or high density in the 
industry of integrated circuit packages. 

[0006] In FIG. 1, a cross sectional vieW of a conventional 
integrated circuit package substrate is shoWn. The conven 
tional integrated circuit package substrate comprises a lami 
nated board Which is laminated by the patterned Wiring 
layers 104a, 104b, 104c, 104a' and the insulating layers 102. 
BetWeen every tWo patterned Wiring layers 104a to 104d, an 
insulating layer 102 is inserted for isolation. The patterned 
Wiring layers 104a to 104b can be formed by performing 
photolithography and etching process on a copper coil. The 
insulating layers 102 are made of glass epoXy such as FR-4, 
FR-S, bismaleimide-triaZine (BT) or epoXy. Several vias 106 
are forming through the insulating layers 102 to electrically 
connect the patterned Wiring layers 104a to 104c the pat 
terned Wiring layer 104d on the top surface of the laminated 
board 100 is patterned into several mounting pad or gold 
?nger 108 as the terminals for connecting a chip. The 
mounting pads 108 are normally coated With a gold layer 
110. Similarly, the patterned Wiring layer 104 at on the 
bottom surface of the laminated board 100 are also patterned 
into several terminals 114 such as the ball pads of a ball grid 
array (BGA). Again, these ball pads are normally coated 
With a gold layer 116. A solder mask layer 112 is formed on 
both the top and bottom surfaces of the laminated board 100 
to cover the patterned Wiring layers 104a and 104b, eXcept 
that the mounting 108 pads and the ball pads 114 are 
eXposed. 
[0007] For those integrated circuit packages applied to 
high pin count integrated circuit devices, that is, the devices 
With many input/output signals and versatile functions such 
as the bus south bridge, north bridge, accelerated graphics 
port (AGP) in the computer, a very high electrical perfor 
mance is demanded. Therefore, a high performance in signal 
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transmission and effective noise elimination are required. In 
the conventional, structure, one or more decoupling capaci 
tors are added betWeen the poWer source and the ground to 
achieve such requirements. 

[0008] HoWever, by adding the decoupling capacitor 
betWeen the poWer source and ground has the folloWing 
draWbacks: 

[0009] 1. The noise of input/output signal cannot be 
eliminated. 

[0010] 2. Asignal interference is caused by the poWer 
and ground bounce betWeen the poWer source and 
ground. 

[0011] 3. A signal degradation is easily resulted. 

[0012] 4. Too much excessive gate propagation delay 
is caused. 

[0013] 5. A malfunction of the system is resulted due 
to false triggering. 

[0014] The above draWbacks greatly degrade the perfor 
mance of the integrated circuits. 

[0015] There are tWo Ways to improve the electrical char 
acteristics using decoupling capacitors. That is, the decou 
pling capacitors are disposed in the main board to electri 
cally connect the integrated circuit, or the decoupling 
capacitors are formed on the package substrate using surface 
mount technology (SMT) to electrically connect the inte 
grated circuit. Both of these tWo methods have the natures 
of high cost, mutual inductance, limitation on capacitor 
location, occupancy of large area and requirement of SMT 
for assembling IC package. 

SUMMARY OF THE INVENTION 

[0016] The invention provides an integrated circuit pack 
age substrate that integrates With a decoupling capacitor to 
reduce the noise and signal attenuation, so that the electrical 
performance can be improved. 

[0017] The invention provides a laminated board used as 
an integrated circuit package substrate. The laminated board 
comprises a plurality of patterned Wiring layers alternatively 
laminated With a plurality of insulating layers. Aplurality of 
vias are formed to penetrate through at least one of the 
insulating layers to electrically connected the patterned 
Wiring layers insulated by the insulating layers. A capacitor 
is formed penetrating through the insulating layers. The 
capacitor further comprises tWo electrodes, formed at tWo 
opposite sides and a dielectric layer formed betWeen the 
electrodes. One of the electrode is connected to the poWer 
source, While the other electrode is connected to ground. 

[0018] Thus constructed, the invention includes comprises 
at least the folloWing advantages: 

[0019] 1. The integrated circuit package substrate 
integrates With a decoupling capacitor, so that the 
noise and signal attenuation can be minimiZed, the 
bouncing signal surge betWeen the poWer source and 
the ground and additional transmission delay by can 
be eliminated. Therefore, the faulty operation caused 
by the bouncing signal can thus be avoided. 

[0020] 2. As the decoupling capacitor is integrated 
Within the substrate (the laminated board) to avoid 
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the multiple module design. The occupied area can 
thus be save to reduce the cost and enhance the 
design and ?exibility in design. The overall electri 
cally performance is consequently improved. 

[0021] 3. By integrating the decoupling capacitor, the 
voltage dropped caused by high frequency can be led 
to ground Without affecting the loading. The har 
monic Wave component can be greatly reduced. In 
addition, it can also function as a bypass current can 
be added betWeen the poWer source and ground to 
shorten circuit path of the transient current. 

[0022] Both the foregoing general description and the 
folloWing detailed description are exemplary and explana 
tory only and are not restrictive of the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a cross sectional vieW of a conventional 
integrated circuit package substrate; 

[0024] FIG. 2 is a cross sectional vieW of an integrated 
circuit package substrate in a ?rst embodiment of the 
invention; and 

[0025] FIG. 3 is a cross sectional vieW of an integrated 
circuit package substrate in a second embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] In FIG. 2, insulating layers 202 are alternately 
laminated With patterned Wiring layers 204a to 204d. Vias 
208 are formed through the insulating layers 202 to electri 
cally connect the patterned Wiring layers 204a to 204d. The 
topmost patterned Wiring layer 204c comprises several 
mount pads 206. The material for forming the insulating 
layers 202 comprises prepreg Which is hard and has a high 
glass transition temperature (Tg), for example, glass epoxy 
(FR-4, FR-S) and bismaleimide-trianZe The material 
for forming the patterned Wiring layers 204s to 204d 
includes copper. The method for forming the patterned 
Wiring layers 204a to 204d includes photolithography and 
etching process. A gold layer is further coated on the mount 
pads to improve the adhesion of Wire bonding subsequently. 

[0027] The vias 208 penetrate through the insulating lay 
ers 202 and any tWo of the patterned Wiring layers 204a to 
204c, or penetrates through the Whole laminated board 
including all the insulating layers 202 and the patterned 
Wiring layers 204a to 204d as shoWn in FIG. 2. On the 
sideWall of the vias 208, a coating layer 210, for example, 
a copper layer, is formed by electroplating to improve the 
electrical connection to the patterned Wiring layers 204a to 
204d. The vias 208 further comprise conductive material 
that ?lls the vias 208. 

[0028] In this embodiment, a capacitor 212, for example, 
a loW pass ?lter decoupling capacitor, is integrated into the 
laminated board as shoWn in FIG. 2. The capacitor 216 is 
formed in a via hole 220 that penetrates through the Whole 
laminated board including all the insulating layers 202 and 
the patterned Wiring layers 204a to 204d. Preferably, the via 
hole 220 is in a rectangular shape, though other shapes may 
also be applied in the invention. In FIG. 2, the capacitor 212 
comprises tWo electrodes 214a and 214b on tWo sideWalls of 
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the via hold 220. Each of the electrodes 214a and 214b is 
electrically connected to at least one of the patterned Wiring 
layers 204a to 204b. In this embodiment, the electrode 214a 
is connected to a poWer source VDD via the patterned Wiring 
layer 204b, While the electrode 214b is connected to ground 
VSS via the patterned Wiring layer 204a. The capacitor 212 
further comprises a dielectric layer ?lling the via hole 220 
betWeen the electrodes 214a and 214b. The electrodes 214a 
and 214b can be made of coating a conductive pase, While 
the dielectric layer 216 can be made of an insulating paste. 
Preferably, the capacitor 212 is located under an area for 
forming a die pad. 

[0029] The electrode 214a is connected to the poWer 
source VDD via the patterned Wiring layer 204a, and the 
electrode 214b is connected to ground VSS via the patterned 
Wiring layer 204b. Therefore, When noise and transient 
current are generated to How betWeen the poWer source and 
ground by synchronous sWitch or ground bounce, the con 
nection provides an optimum AC short circuit path betWeen 
the poWer source and the ground. As a result, the impedance 
of signal transmission is reduced to suppress the effect of 
noise. Furthermore, the noise interference and signal attenu 
ation are minimiZed to reduce the bounce generated betWeen 
the poWer source and the ground and the additional trans 
mission delay. As a result, faulty operation or malfunction 
for the system caused by bounce signal can be prevented. In 
addition, by integrating the system, the multiple module 
design can be avoided to save the occupied area. The 
fabrication cost is reduced and the designed ?exibility and 
space is enlarged. Moreover, the bouncing caused by high 
frequency is led to ground Without affecting the loading, so 
that the component of harmonic Wave is greatly reduced. It 
can also function as a bypass current betWeen the poWer 
source and the ground to reduce the circuit path of the 
transient current. 

[0030] A solder mask layer 218 is then formed on the 
patterned Wiring layers 204c and 204d, While the mount pads 
206 are exposed. The material for forming the solder mask 
layer 218 comprises ultra-violet ray type green paint and 
thermal curing type green paint. The method for coating the 
green paint includes roller coating, curtain coating, screen 
printing, dipping and dry ?lm. For example, When the 
ultra-violet ray type green paint is used, the green paint is 
?rstly coated on the patterned patterned Wiring layers 204c 
and 204d. After the steps of ?rst bake, exposure, develop 
ment and second bake, the solder mask layer 218 is formed. 
Or alternatively, When the thermal curing type green paint 
ing is used, the green painted is coated on the patterned 
Wiring layers 204c and 204d folloWed by a bake step for 
curing. The solder mask layer 218 is thus formed. 

[0031] In FIG. 3, another embodiment of the invention is 
illustrated. A laminated board is formed of alternatively 
laminating the insulating layers 302 and patterned Wiring 
layers 304a to 304d. The patterned Wiring layers 304a to 
304d are electrically connected by the vias 308 that pen 
etrate through the insulating layers 302, or even through the 
patterned Wiring layers 304a to 304d. The topmost patterned 
Wiring layer 304c comprises mount pads 306. Each of the 
vias 308 comprises conductive coating layers 310 on the 
sideWall of the via 308 and a conductive material to ?ll the 
via 308. Preferably, the conductive coating layers 310 are 
made of metal such as copper. 
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[0032] Similarly, a capacitor 312 such as a loW pass ?lter 
decoupling capacitor, is formed in a hole 320 that may 
penetrate through more than one insulating layer 302. In this 
embodiment, the hole 320 is formed to penetrate through the 
middle insulating layer 302. The capacitor 312 has tWo 
electrodes 314a and 314b formed on tWo opposite sideWalls 
of the hole 320 and a dielectric layer 316 to ?ll the hole 312 
and to insulated the electrodes 314a and 314b. 

[0033] In this embodiment, the electrode 314a is electri 
cally connected to poWer source VDD via the patterned 
Wiring layer 304a, and the electrode 314b is electrically 
connected to the ground via the electrode 304b. The elec 
trodes 314a and 314b are formed by coating a conductive 
paste on the opposite sideWalls of the hole 320, and the 
dielectric layer 216 is formed by coating an insulating paste. 
It is appreciated that capacitor can be formed in a hole 
penetrating through an insulating layer betWeen any tWo 
patterned Wiring layers. 

[0034] As a conclusion, the invention includes comprises 
at least the folloWing advantages: 

[0035] 1. The integrated circuit package substrate 
integrates With a decoupling capacitor, so that the 
noise and signal attenuation can be minimiZed, the 
bouncing signal surge betWeen the poWer source and 
the ground and additional transmission delay by can 
be eliminated. Therefore, the faulty operation caused 
by the bouncing signal can thus be avoided. 

[0036] 2. As the decoupling capacitor is integrated 
Within the substrate (the laminated board) to avoid 
the multiple module design. The occupied area can 
thus be save to reduce the cost and enhance the 
design and ?exibility in design. The overall electri 
cally performance is consequently improved. 

[0037] 3. By integrating the decoupling capacitor, the 
voltage dropped caused by high frequency can be led 
to ground Without affecting the loading. The har 
monic Wave component can be greatly reduced. In 
addition, it can also function as a bypass current can 
be added betWeen the poWer source and ground to 
shorten circuit path of the transient current. 

[0038] Other embodiments of the invention Will appear to 
those skilled in the art from consideration of the speci?ca 
tion and practice of the invention disclosed herein. It is 
intended that the speci?cation and examples to be consid 
ered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

What is claimed is: 
1. An integrated circuit package substrate, comprising: 

a plurality of patterned Wiring layers; 

one insulating layer formed betWeen each tWo neighbor 
ing patterned Wiring layers to insulate the patterned 
Wiring layers; 

at least one via to penetrate through the insulating layer to 
electrically connect the pattern Wiring layers; and 

a decoupling capacitor to penetrate through at least one 
insulating layer, further comprising: 

tWo electrodes, each of the electrodes electrically con 
necting one of the patterned Wiring layer; and 
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a dielectric layer, formed betWeen the electrodes for 
insulation. 

2. The integrated circuit package substrate according to 
claim 1, Wherein the electrodes are made of conductive 
paste. 

3. The integrated circuit package substrate according to 
claim 1, Wherein the dielectric layer is made of insulating 
paste. 

4. The integrated circuit package substrate according to 
claim 1, further comprising a chip carrying area for carrier 
a chip and the decoupling capacitor being located under the 
chip carrying area. 

5. The integrated circuit package substrate according to 
claim 1, Wherein one of the electrodes is connected to a 
poWer source, and the other electrode is connected to 
ground. 

6. The integrated circuit package substrate according to 
claim 1, Wherein the patterned Wiring layers comprise cop 
per layers. 

7. The integrated circuit package substrate according to 
claim 1, Wherein the insulating layer comprises a bismale 
imide-triaZine layer. 

8. The integrated circuit package substrate according to 
claim 1, Wherein the decoupling capacitor is formed in a 
rectangular hole Within at least one insulating layer. 

9. A laminated board used in integrated circuit package, 
comprising: 

a plurality of patterned Wiring layers; 

a plurality of insulating layers, alternatively laminated 
With the patterned Wiring layers for insulating the 
patterned Wiring layers, Wherein a plurality of vias are 
formed to penetrate through at least one of the insulat 
ing layers to electrically connected the patterned Wiring 
layers insulated by the insulating layers; and 

a capacitor, penetrating through the insulating layers, the 
capacitor further comprising: 

tWo electrodes, formed at tWo opposite sides; and 

a dielectric layer, formed betWeen the electrodes. 

10. The laminated board according to claim 9, Wherein the 
electrodes are made of conductive paste. 

11. The laminated board according to claim 9, Wherein the 
dielectric layer is made of insulating paste. 

12. The laminated board according to claim 9, Wherein a 
topmost layer of the patterned Wiring layers further com 
prises at least a mount pad as a terminal of a chip. 

13. The laminated board according to claim 9, Wherein 
one of the electrodes is connected to a poWer source, and the 
other is connected to ground. 

14. The laminated board according to claim 9, Wherein the 
mount pad is coated With a gold layer. 

15. The laminated board according to claim 9, Wherein the 
capacitor is formed in a rectangular hole Within the insulat 
ing layers. 

16. The laminated board according to claim 9, Wherein the 
topmost layer of the patterned Wiring layers is further 
covered With a solder mask layer. 


