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METHOD FOR MANUFACTURING CIRCUIT 
BOARD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention generally relates to a method 
for manufacturing a circuit board, and more specifically to 
a method for manufacturing a circuit board comprising a 
sputtering process, a chemical plating process and an elec 
troplating process sequentially performed to form a first 
metal layer on a Substrate, a second metal layer on the first 
metal layer and a third metal layer on the second metal layer, 
respectively, and further comprising a circuit etching pro 
cess to form an electrical circuit with fine line width/pitch by 
etching the first and second metal layers. 
0003 2. The Prior Arts 
0004 Recently, as the technology of the VLSI (very large 
scale integrated circuit) made great progress, the connection 
circuit has become much smaller. For example, in the 22 mm 
semiconductor technology, both chip density and ability of 
signal processing are increasingly enhanced. As a result, the 
line width/pitch of the connection circuit needs smaller size, 
and the current equipments and processes for mass produc 
tion encounter tough challenge. Additionally, to further 
increase package density, the chips are usually stacked 
together and then processed by the three dimensional pack 
age. At this time, the line width/pitch of the circuit substrate 
needs to be reduced to 30-50 um from 100 um. As for the 
requirements by the current manufactures for increasingly 
reducing the line width/pitch, the surface structure of the 
copper layer for the circuit pattern should meet more strict 
requirements. Generally, roughness RZ of the copper layer in 
the printed circuit board (PCB) is 5-7 um, and roughness RZ 
of the substrate is less than 5 Lim. However, for the line 
width/pitch about 10-20 lum, roughness RZ of the copper 
layer should be about 2 um, or otherwise the circuit pattern 
is easily distorted to cause the circuit board to fail to normal 
function. Sometimes, the circuit pattern is short circuited 
due to some remaining copper such that high precision and 
reliability for electrical connection can be implemented. 
0005. In the prior arts, the semi additive process (SAP) is 
usually used to manufacture the electrical circuit pattern 
with the line width/pitch less than 50 lum. For the line 
width/pitch less than 25 um, The SAP needs to use ABF 
resin provided by Ajinomoto Fine-Techno Co., Inc. as the 
insulation material, or a PCF (primer coated copper foil) and 
a semi solid sheet (called Prepreg) provided by Mitsubishi 
Gas Chemical Company, INC., Ltd. for the pressing process. 
As for the PCF, one rough surface of the copper foil is first 
covered with a resin layer with a thickness of 2-3 um and 
then processed by semi Solidification, and the semi Solid 
sheet and the copper foil are pressed together. The copper 
foil is removed and the surface of the resin layer has specific 
roughness. Thus, the chemical copper plating process (or 
called the electroless plating process) can form the chemical 
plated copper layer with strong adhesion on the rough 
Surface of the resin layer, thereby manufacturing more 
precise circuit pattern. 
0006. As an example for SAP using the PCF, the specific 
implementation includes first pressing the PCF onto the 
inner circuit layer, removing the copper on the PCF to 
remain the resin with highly specific Surface feature, and 
performing the chemical plating process to form the circuit 
pattern layer with fine line width/pitch. 
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0007. However, one of the shortcomings for the above 
methods in the prior arts is that the remaining resin is not 
stable after the PCF is removed such that the circuit pattern 
layer formed by the chemical plating process is easy to 
break, peel off due to weak adhesion. It is thus difficult to 
prevent the portion of the circuit patter layer filling up the 
blind holes as connection plug with a vertical shape from 
being shifted or distorted. As a result, the electrical property 
and reliability of the electrical circuit of the circuit board are 
adversely affected. 
0008. Therefore, it is greatly needed to provide a new 
method for manufacturing a circuit board, which generally 
comprises a sputtering process for forming a first metal layer 
on a Substrate, a chemical plating process for forming a 
second metal layer on the first metal layer, an electroplating 
process for forming a third metal layer on the second metal 
layer, and a circuit etching process for forming an electrical 
circuit with fine line width/pitch by etching the first and 
second metal layers, thereby overcoming the above prob 
lems in the prior arts. 

SUMMARY OF THE INVENTION 

0009. The primary objective of the present invention is to 
provide a method for manufacturing a circuit board with fine 
line width/pitch to improve precision of the electrical circuit 
of the circuit board. 
0010 First, the method of the present invention starts by 
preparing a Substrate, which has a stop layer and a resin 
layer. The stop layer has a pattern and the resin layer is 
provided on the substrate. The upper surface of the resin 
layer has a roughness specified by Ra-0-1 um and RZ-10 
um. The stop layer is preferably formed of a metal or an 
alloy. 
0011 Next, at least one conduction hole penetrating the 
resin layer is formed by a laser drilling process or a 
mechanical drilling process. The conduction hole is a blind 
hole, and stops at the stop layer. That is, the conduction hole 
does not enter the stop layer. In addition, the conduction hole 
can be formed by first forming the resist layer with a specific 
pattern on the resin layer, and then using the resist layer as 
a mask for performing the laser drilling process by means of 
laser etching. 
0012. The first metal layer is then formed on the resin 
layer and covers the surface of the conduction hole through 
the Sputtering process. The chemical plating process or an 
electroless plating process is performed to form the second 
metal layer covering the first metal layer. Next, the third 
metal layer is formed on the second metal layer through the 
electroplating process. Specifically, the third metal layer has 
a circuit pattern, which exposes part of the second metal 
layer and fills up the conduction hole such that the first, 
second and third metal layers are electrically connected 
together. 
0013 Finally, the exposed second metal layer is etched 
and the first metal layer under the exposed second metal 
layer is then etched to expose the resin layer under the first 
metal layer. Therefore, the circuit board is finished. 
0014 Furthermore, the resin layer is formed of a resin 
base material, and the resin layer may comprise the rein 
forcing material, which is uniformly dispersed in the resin 
base material. Preferably, the reinforcing material comprises 
glass fiber or carbon fiber so as to reinforce the mechanical 
strength of the whole structure and avoid warping or bend 
1ng. 
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00.15 Moreover, the upper surface of the resin layer can 
be covered with the copper layer before the conduction hole 
is formed. The copper layer is treated by the pretreatment 
process such as the black process or the brown process for 
oxidizing the Surface of the copper layer. Then, the laser 
etching process is performed to form the conduction hole. 
The upper surface and/or the lower surface of the substrate 
can be embedded with the inner circuit layer, which is 
formed of an electrically conductive metal and has an 
electrical pattern. 
0016. More specifically, the first metal layer may com 
prise the upper metal layer and the lower metal layer. The 
upper metal layer is stacked on the lower metal layer, and the 
lower metal layer is stacked on the exposed inner circuit 
layer. Preferably, the upper metal layer comprises copper 
(Cu), the lower metal layer comprises titanium (Ti), chro 
mium (Cr) or tantalum (Ta), and the second and third metal 
layers comprise copper. The first metal layer may further 
comprise the bottom metal layer, which is provided under 
the lower metal layer and in contact with the exposed inner 
circuit layer. The bottom metal layer comprises titanium 
nitride (TiN). 
0017. Another objective of the present invention is to 
provide a method for manufacturing a circuit board, com 
prising steps of preparing the Substrate, forming at least one 
conduction hole, forming the first, second and third metal 
layers, and circuit etching. Each of the upper and lower 
surfaces of the substrate is covers with the resin layer. The 
conduction hole is the through-hole penetrating the Sub 
strate, and the first, second and third metal layers are 
sequentially stacked on the upper and lower Surfaces of the 
substrate and the surface of the through-hole. The third 
metal layer has a circuit pattern, which exposes part of the 
second metal layer and fills up the conduction hole. In 
particular, the first and second metal layers are etched by use 
of the circuit pattern of the third metal layer so as to expose 
part of the resin layer under the first metal layer. 
0018 Specifically, the method of the present invention 
can manufacture the circuit board having fine line width/ 
pitch less than 10 um So as to greatly improve electrical 
quality. Particularly, the processing steps of the method are 
simple and easy to implement, and the manufacturing cost is 
reduced, thereby providing the advantage of lower cost and 
meeting the requirements of fine line width/pitch by the 
application field of packaging electronic devices in consum 
ing electronic products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The present invention will be apparent to those 
skilled in the art by reading the following detailed descrip 
tion of a preferred embodiment thereof, with reference to the 
attached drawings, in which: 
0020 FIG. 1 is a flowchart showing a method for manu 
facturing a circuit board according to the first embodiment 
of the present invention; 
0021 FIGS. 2A to 2F are views showing the respective 
processing steps of the method of the first embodiment of the 
present invention; and 
0022 FIGS. 3A to 3F are views showing the respective 
processing steps of the method of the second embodiment of 
the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0023 The accompanying drawings are included to pro 
vide a further understanding of the invention, and are 
incorporated 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. 
0024 Please refer to FIG. 1 illustrating the processing 
steps of the method for manufacturing a circuit board 
according to the first embodiment of the present invention. 
As shown in FIG. 1, the method of the first embodiment 
generally comprises the processing steps S10, S20, S24, 
S30, S40, S50 and S60, which are sequentially performed 
for manufacturing the circuit board with fine line width/ 
pitch. Additionally, to further clearly understand the techni 
cal characteristics of the present invention, refer to FIGS. 2A 
to 2F, which are schematic views illustrating the respective 
processing steps of the method of the first embodiment of the 
present invention. 
0025 First, the method of the first embodiment begins at 
the step S10, in which the substrate 10 is prepared. As shown 
in FIG. 2A, the substrate 10 is covered by the stop layer 12 
and the resin layer 20, wherein the stop layer 12 has a 
pattern, and the stop layer 12 is covered by the resin layer 
20. In other words, a part of the substrate 10 is in contact 
with the resin layer 20. The stop layer 12 is formed of a 
metal or an alloy. The resin layer 20 can be formed by the 
pressing process, but the present invention is not limited by 
this process. That is, the resin layer 20 can be formed by 
other processes like coating or spraying. In particular, the 
resin layer 20 is formed of the resin base material, which 
may comprise epoxy resin, FR4, FR5, modified FR4 silicon, 
BT resin, polyphenylene oxide (PPO), polyimide (PI), Aji 
nomoto build-up film (ABF), polypropylene (PP) or photo 
imageable dielectric material (PIDM). Also, the upper sur 
face of the resin layer 20 has a roughness specified by 
Ra=0-1 um and RZ-10 um. 
(0026. Next, the step S20 is performed as shown in FIG. 
2B. At least one conduction hole 30 is formed by the laser 
drilling process or the mechanical drilling process. Specifi 
cally, the conduction hole 30 is the blind hole, which 
penetrates the resin layer 20 but does not enter the stop layer 
12. In other words, the conduction hole 30 stops at the 
surface of the stop layer 12. The conduction hole 30 can be 
formed directly by the laser drilling process using a laser 
beam, but the present invention is not limited by this 
exemplary process. That is, the conduction hole 30 can be 
formed by first forming the resist layer (not shown) with a 
specific pattern on the resin layer 20, and then using the 
resist layer as a mask for performing the laser drilling 
process by means of laser etching. 
(0027. The step S30 is then performed as shown in FIG. 
2C. The first metal layer 40 is formed on the resin layer 20 
through the Sputtering process, and also covers the Surface 
of the conduction hole 30. 
(0028. As shown in FIG. 2D, the step S40 is executed by 
forming the second metal layer 50 on the first metal layer 40 
through the chemical plating process or the electroless 
plating process. 
0029. In the step S50, the electroplating process is used 
to form the third metal layer 60 on the second metal layer 50. 
as shown in FIG. 2E. The third metal layer 60 has the 
specific circuit pattern, which exposes part of the second 
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metal layer 50 and fills up the conduction hole 30 such that 
the first metal layer 40, the second metal layer 50 and the 
third metal layer 60 are electrically connected. 
0030. Finally, the step S60 is performed as shown in FIG. 
2F by etching the exposed second metal layer 50 and the first 
metal layer 40 under the exposed second metal layer 50 to 
expose the resin layer 20 under the first metal layer 40. 
Therefore, the circuit board as desired is finished. 
0031. The above resin layer 20 may further comprise the 
reinforcing material (not shown) uniformly dispersed in the 
resin base material. The reinforcing material preferably 
comprises glass fiber or carbon fiber to reinforce the 
mechanical strength of the whole structure and avoid warp 
ing, bending or distortion. 
0032. Additionally, in the Step S10 of preparing the 
substrate 10, the upper surface of the resin layer 20 can be 
covered with the copper layer (not shown), and in the step 
S30 of forming the conduction hole 30, the copper layer is 
first treated by the pretreatment process like the black 
process or the brown process to oxidize the surface of the 
copper layer. Then, the laser etching process is used to form 
the conduction hole 30. 
0033. Also, the upper surface and/or the lower surface of 
the substrate 10 can be embedded with the inner circuit layer 
(not shown), which is formed of an electrically conductive 
metal and has an electrical pattern. 
0034 More specifically, the first metal layer 40 may 
comprise the upper metal layer and the lower metal layer 
(not shown). The upper metal layer is stacked on the lower 
metal layer, and the lower metal layer is stacked on the 
exposed inner circuit layer because the conduction hole 30 
formed in the step S20 exposes part of the inner circuit layer. 
It is preferred that the upper metal layer comprises copper 
(Cu), the lower metal layer comprises titanium (Ti), chro 
mium (Cr) or tantalum (Ta), and the second metal layer 50 
and the third metal layer 60 comprise copper. 
0035 Moreover, the first metal layer further comprises 
the bottom metal layer (not shown), which is provided under 
the lower metal layer and in contact with the exposed inner 
circuit layer. In particular, the bottom metal layer comprises 
titanium nitride (TiN). 
0036 Additionally, the present invention provides the 
method of the second embodiment for manufacturing a 
circuit board. The method of the second embodiment is 
similar to the first embodiment as shown in FIG. 1, com 
prising the processing steps S10, S20, S24, S30, S40, S50 
and S60 sequentially performed for manufacturing the cir 
cuit board with fine line width/pitch. To clearly describe the 
method of the second embodiment, refer to FIGS. 3A to 3F. 
0037 First, the step S10 is performed by preparing the 
substrate 10. Each of the upper and lower surfaces of the 
substrate 10 is covered with the resin layer 20, as shown in 
FIG. 3A. The laser drilling process or the mechanical 
drilling process is then performed in the step S20 to form at 
least one conduction hole 30 penetrating the substrate 10 and 
the resin layers 20 on the upper and lower surfaces of the 
substrate 10, as shown in FIG. 3B. It is obvious that the 
conduction hole 30 is substantially a through-hole. 
0038 Next, as shown in FIG. 3C, the sputtering process 

is used to form the first metal layer 40 on the resin layer 20 
in the step S30. The first metal layer 40 also covers the 
surface of the conduction hole 30. The second metal layer 50 
is formed on the first metal layer 40 through the chemical 
plating process or the electroless plating process in Step S40. 
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as shown in FIG. 3D. The step S50 is then performed by 
forming the third metal layer 60 on the second metal layer 
50 through the electroplating process. Specifically, the third 
metal layer 60 has a circuit pattern, which exposes part of the 
second metal layer 50 and fills up the at least one conduction 
hole 30 so as to electrically connect the first, second and 
third metal layers 40, 50 and 60. 
0039 Finally, as shown in FIG. 3F, the exposed second 
metal layer 50 is etched in the step S60, and the first metal 
layer 40 under the exposed second metal layer 50 is also 
etched to expose the resin layer 20 under the first metal layer 
40. The circuit board is thus manufactured. 

0040. Other elements of the second embodiment are 
similar to the elements of the first embodiment, and are thus 
not described hereinafter. 
0041. From the above mention, one primary feature of 
the present invention is that the Sputtering process forms the 
first metal layer strongly adhesive to the resin layer, the 
chemical plating process forms the second metal layer on the 
first metal layer, and the electroplating process forms the 
third metal layer covering the second metal layer and filling 
up the conduction hole. Since the first metal layer provides 
excellent surface property, the second and third metal layers 
are more stable and well fixed such that the circuit later 
formed by etching has fine line width/pitch less than 10 um. 
Thus, the requirements of fine line width/pitch by the 
application field of packaging electronic devices in consum 
ing electronic products are met. 
0042. In particular, the first metal layer comprises the 
upper metal layer formed of copper or aluminum which is 
easily oxidized, and the lower metal layer formed of tita 
nium, chromium or tantalum, Such that the Subsequent 
processes are easy to proceed and quality of the circuit board 
is greatly improved. Additionally, the first metal layer may 
further comprise the bottom metal layer formed of titanium 
nitride and provided under the lower metal layer for con 
necting the inner circuit layer. Accordingly, the mechanical 
strength of the first metal layer and the adhesion between the 
first metal layer and the inner circuit layer are greatly 
increased. Also, the second metal layer can be used as the 
inter conduction layer, and the third metal layer can increase 
the whole metal thickness and fill up the conduction hole. 
0043. Therefore, the circuit board manufactured by the 
method of the present invention indeed has high stability and 
reliability, thereby overcoming the problems in the prior 
arts 

0044 Although the present invention has been described 
with reference to the preferred embodiments thereof, it is 
apparent to those skilled in the art that a variety of modifi 
cations and changes may be made without departing from 
the scope of the present invention which is intended to be 
defined by the appended claims. 
What is claimed is: 
1. A method for manufacturing a circuit board, compris 

ing: 
preparing a Substrate covered by a stop layer having a 

pattern, the stop layer covered by a resin layer, part of 
the substrate is in contact with the resin layer, the stop 
layer formed of a metal or an alloy; 

forming at least one conduction hole penetrating the resin 
layer by a laser drilling process or a mechanical drilling 
process, the at least one conduction hole not entering 
the stop layer but stopping at a surface of the stop layer 
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So as to expose part of the stop layer via the at least one 
conduction hole, the at least one hole being a blind 
hole; 

forming a first metal layer on the resin layer and the 
exposed stop layer through a sputtering process; 

forming a second metal layer on the first metal layer 
through a chemical plating process or an electroless 
plating process; 

forming a third metal layer on the second metal layer 
through an electroplating process, the third metal layer 
having a circuit pattern exposing part of the second 
metal layer and filling up the at least one conduction 
hole so as to electrically connect the first, second and 
third metal layers; and 

etching the exposed second metal layer and the first metal 
layer under the exposed second metal layer to expose 
the resin layer under the first metal layer so as to finish 
the circuit board. 

2. The method as claimed in claim 1, wherein the at least 
one conduction hole is formed directly by the laser drilling 
process using a laser beam. 

3. The method as claimed in claim 1, wherein the at least 
one conduction hole is formed by first forming a resist layer 
with a specific pattern on the resin layer, and then using the 
resist layer as a mask for performing the laser drilling 
process using a means of laser etching. 

4. The method as claimed in claim 1, wherein an upper 
surface of the resin layer is covered with a copper layer 
before forming the at least one conduction hole, the copper 
layer is treated by a pretreatment process comprising a black 
process or a brown process for oxidizing a Surface of the 
copper layer, and a laser etching process is performed to 
form the at least one conduction hole. 

5. The method as claimed in claim 1, wherein the resin 
layer is formed of a resin base material comprising epoxy 
resin, FR4, FR5, modified FR4 silicon, BT resin, polyphe 
nylene oxide (PPO), polyimide (PI), Ajinomoto build-up 
film (ABF), polypropylene (PP) or photo imageable dielec 
tric material (PIDM), and the upper surface of the resin layer 
has a roughness specified by Ra-0-1 um and RZ-10 um. 

6. The method as claimed in claim 1, wherein an upper 
surface and/or a lower surface of the substrate is embedded 
with an inner circuit layer. 

7. The method as claimed in claim 6, wherein the first 
metal layer comprises an upper metal layer and a lower 
metal layer, the upper metal layer is stacked on the lower 
metal layer, the lower metal layer is stacked on the exposed 
inner circuit layer, the upper metal layer comprises copper 
(Cu), the lower metal layer comprises titanium (Ti), chro 
mium (Cr) or tantalum (Ta), and the second and third metal 
layers comprise copper. 

8. The method as claimed in claim 7, wherein the first 
metal layer further comprises a bottom metal layer provided 
under the lower metal layer and being in contact with the 
exposed inner circuit layer, and the bottom metal layer 
comprises titanium nitride (TiN). 

9. The method as claimed in claim 5, wherein the resin 
layer further comprises a reinforcing material uniformly 
dispersed in the resin base material, and the reinforcing 
material comprises glass fiber or carbon fiber. 

10. A method for manufacturing a circuit board, compris 
ing: 
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preparing a substrate having an upper Surface and a lower 
Surface covered by resin layers, respectively; 

forming at least one conduction hole by a laser drilling 
process or a mechanical drilling process, the at least 
one conduction hole being a through-hole penetrating 
the Substrate and the resin layers covering the upper 
and lower surfaces of the substrate; 

forming a first metal layer on the resin layer through a 
sputtering process; 

forming a second metal layer on the first metal layer 
through a chemical plating process or an electroless 
plating process; 

forming a third metal layer on the second metal layer 
through an electroplating process, the third metal layer 
having a circuit pattern exposing part of the second 
metal layer and filling up the at least one conduction 
hole so as to electrically connect the first, second and 
third metal layers; and 

etching the exposed second metal layer and the first metal 
layer under the exposed second metal layer to expose 
the resin layer under the first metal layer so as to finish 
the circuit board. 

11. The method as claimed in claim 10, wherein the at 
least one conduction hole is formed directly by the laser 
drilling process using a laser beam. 

12. The method as claimed in claim 10, wherein the at 
least one conduction hole is formed by first forming a resist 
layer with a specific pattern on the resin layer, and then using 
the resist layer as a mask for performing the laser drilling 
process using a means of laser etching. 

13. The method as claimed in claim 10, wherein an upper 
surface of the resin layer is covered with a copper layer 
before forming the at least one conduction hole, the copper 
layer is treated by a pretreatment process comprising a black 
process or a brown process for oxidizing a surface of the 
copper layer, and a laser etching process is performed to 
form the at least one conduction hole. 

14. The method as claimed in claim 10, wherein the resin 
layer is formed of a resin base material comprising epoxy 
resin, FR4, FR5, modified FR4 silicon, BT resin, PPO, PI, 
ABF, PP or PIDM, and the upper surface of the resin layer 
has a roughness specified by Ra-0-1 um and RZ-10 um. 

15. The method as claimed in claim 10, wherein an upper 
surface and/or a lower surface of the substrate is embedded 
with an inner circuit layer. 

16. The method as claimed in claim 15, wherein the first 
metal layer comprises an upper metal layer and a lower 
metal layer, the upper metal layer is stacked on the lower 
metal layer, the lower metal layer is stacked on the exposed 
inner circuit layer, the upper metal layer comprises copper, 
the lower metal layer comprises titanium, chromium or 
tantalum, and the second and third metal layers comprise 
copper. 

17. The method as claimed in claim 16, wherein the first 
metal layer further comprises a bottom metal layer provided 
under the lower metal layer and being in contact with the 
exposed inner circuit layer, and the bottom metal layer 
comprises titanium nitride. 

18. The method as claimed in claim 10, wherein the resin 
layer further comprises a reinforcing material uniformly 
dispersed in the resin base material, and the reinforcing 
material comprises glass fiber or carbon fiber. 
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