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(57) ABSTRACT

A printed circuit board includes a base, a number of con-
ductive pads, a dielectric layer, an activated metal layer, a
first metal seed layer, a second metal seed layer, and a
plurality of metal bumps. The conductive pads are formed
on the base. The dielectric layer is formed on a surface of the
conductive pads and portions of the base are exposed from
the conductive pads. The dielectric layer includes blind vias
corresponding to the conductive pads, and a laser-activated
catalyst. The activated metal layer is obtained by laser
irradiation at the wall of the blind via. The activated metal
layer is in contact with the dielectric layer. The second metal
seed layer is formed on the activated metal layer and the
conductive pads. Each metal bump is formed on the second
metal seed layer, and each metal bump protrudes from the
dielectric layer.

9 Claims, 13 Drawing Sheets
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1
METHOD FOR MANUFACTURING PRINTED
CIRCUIT BOARD

BACKGROUND

1. Technical Field

The present disclosure generally relates to printed circuit
boards (PCBs), and particularly relates to a printed circuit
board and a method for manufacturing the printed circuit
board.

2. Description of Related Art

To accommodate development of miniaturized electronic
products with multiple functions, printed circuit boards are
widely used.

A PCB usually needs a plurality of blind vias for electri-
cally connecting two trace layers or more than two trace
layers. In a method of manufacturing the PCB, a dielectric
layer is laminated on a circuit substrate with at least one pad,
and at least one first opening is defined in the dielectric layer
by laser. Each first opening corresponds to one pad. Then, a
photoresist pattern is formed on the dielectric layer, and at
least one second opening is defined in the photoresist pattern
by exposing and developing process. Each second opening
must be aligned with a corresponding first opening. Finally,
conductive metal material is formed in the first and second
openings, thus, a blind via are formed. In order to easily
achieve the alignment and each first opening is entirely
exposed at the corresponding second opening, the second
opening is larger than the first openings. Accordingly, a
distribution density of the second openings is smaller, and a
distribution density of the teace is also smaller.

What is needed therefore is a printed circuit board, and a
method for manufacturing the printed circuit board to over-
come the described limitations.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present embodiments can be better
understood with reference to the following drawings. The
components in the drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly illus-
trating the principles of the present embodiments. Moreover,
in the drawings, all the views are schematic, and like
reference numerals designate corresponding parts through-
out the several views.

FIG. 1 shows a circuit substrate according to an exem-
plary embodiment.

FIG. 2 shows a dielectric layer formed on the circuit
substrate of FIG. 1.

FIG. 3 shows a first metal seed layer formed on the
dielectric layer of FIG. 2.

FIG. 4 shows a photoresist layer formed on the first metal
seed layer of FIG. 3.

FIG. 5 shows a trace portion of the photoresist layer of
FIG. 3 being exposed.

FIG. 6 shows a number of blind vias formed in the
photoresist layer, the first metal seed layer, and the dielectric
layer, and activated metal layers formed on the inner side-
walls of the blind vias of FIG. 5, which are in the dielectric
layer.

FIG. 7 shows a second metal seed layer formed on the
activated metal layer of FIG. 6.

FIG. 8 shows a trace opening formed by removing the
trace portion of the photoresist layer of FIG. 6.

FIG. 9 shows a metal bump formed in each blind vias and
conductive trace formed in trace opening of FIG. 7.

20

25

30

35

40

45

50

55

60

65

2

FIG. 10 shows the photoresist layer and the first metal
seed layer removed from the circuit substrate of FIG. 9.

FIG. 11 shows a solder mask formed on the dielectric
layer of FIG. 10.

FIG. 12 shows holes corresponding to metal bumps
formed in solder mask of FIG. 10.

FIG. 13 shows a printed circuit board according to the
exemplary embodiment.

DETAILED DESCRIPTION

A method for manufacturing a printed circuit board
includes the following steps.

FIG. 1 shows step 1, in which a circuit substrate 110 is
provided. The circuit substrate 110 includes a base 111 and
a number of conductive pads 112. The circuit substrate 110
may be a single layer circuit substrate, or a multilayer circuit
substrate. When the circuit substrate 110 is a single layer
circuit substrate, the base 111 is a single layer dielectric base.
When the circuit substrate 110 is a multilayer circuit sub-
strate, the base 111 is a stacked structure, in which a plurality
of electrically conductive circuit patterns and a plurality of
dielectric layers are stacked alternately. The conductive pads
112 contact a dielectric layer base or a dielectric layer. In the
present embodiment, the conductive pads 112, which are
arranged in an array.

FIG. 2 shows step 2, in which a dielectric layer 120 is
formed on a surface of the conductive pads 112 and a surface
of'the base 111 exposed from the conductive pads 112. In the
present embodiment, the dielectric layer 120 is formed by
printing with ink, exposing the ink, and developing the ink.
The ink includes a laser-activated catalyst. The laser-acti-
vated catalyst is converted into an electrically conductive
material by laser irradiation, such that an electro-less copper
plating can be directly processed in the following step. A
mass percent of the laser-activated catalyst in the solder
resist ink is in a range from 0.1% to 30%, preferably from
0.5% to 10%. The laser-activated catalyst may be heavy
metal mixture oxide spinel such as, for example, copper-
chromium oxide spinel. The laser-activated catalyst may be
metal salt, for example, copper sulfate or cupric rhodanate.

FIG. 3 shows step 3, in which a first metal seed layer 130
is formed on a surface of the dielectric layer 120. The first
metal seed layer 130 may be formed by a sputtering or
electro-less plating process. A material of the first metal seed
layer 130 may be titanium, nickel, vanadium, copper, lead,
aluminium alloy, tungsten, tungsten alloy, chromium, chro-
mium alloy, silver, or gold, for example.

FIGS. 4 and 5 show step 4, in which a photoresist layer
140 is formed on the first metal seed layer 130, the photo-
resist layer 140 includes a trace portion 141 corresponding
with traces to be formed in the following step. The trace
portion 141 of the photoresist layer 140 is exposed.

In the present embodiment, the photoresist layer 140 is
formed by laminating a dry film on the first metal seed layer
130. When the trace portion 141 of the photoresist layer 140
being exposed, a chemical reaction is generated in material
of'the trace portion 141 of the photoresist layer 140, thus, the
material of the trace portion 141 can be removed using a
developing process.

FIG. 6 shows step 5, in which a plurality of blind vias 151
are defined in the photoresist layer 140, the first metal seed
layer 130, and the solder mask 120. The blind vias 151
spatially correspond to the conductive pads 112. Each con-
ductive pad 112 is exposed in one blind via 115. In addition,
under laser action, the laser-activated catalyst at the wall of
a blind via 151, which is in the solder mask 120, is activated,
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thereby obtaining an activated metal layer 152. The acti-
vated metal layer 152 electrically connects the first metal
seed layer 130 and the electrically conductive pad 112.

FIG. 6 shows step 7, in which a second metal seed layer
160 is formed on the activated metal layer 152. In the present
embodiment, the second metal seed layer 160 is formed on
the activated metal layer 151 by electro-less copper plating,
such that an electrical conductivity between the activated
metal layer 152 and the first metal seed layer 130 is
improved.

FIG. 8 shows step 7, in which the trace portion 141 is
removed by developing, thereby, a trace opening 142 is
defined. Portion of first metal seed layer 130 is exposed from
the trace openings 142.

FIG. 9 shows step 8, in which each metal bump 170 is
formed in each blind via 151 and traces 180 are formed in
the trace openings 142. In the present embodiment, the metal
bumps 170 and the traces 180 are formed in by electroplat-
ing. Because the activated metal layer 152 electrically
connects the first metal seed layer 130 and the second metal
seed layer 160, the metal bumps 170 can be formed in the
blind via 151 by electroplating. Each metal bump 170
includes a bottom surface 171 and a top surface 172. The
bottom surface 171 is in contact with a conductive pad 112.
A distance between the bottom surface 171 and the top
surface 172 of each metal elevation 170 is greater than a
thickness of the dielectric layer 120.

FIG. 10 shows step 9, the photoresist layer 140 and the
first metal seed layer 130 uncovered by the traces 180 are
removed. In the present embodiment, the photoresist layer
140 is removed from the first metal seed layer 130 using
stripping solution. The stripping solution chemically reacts
with the photoresist layer 140, such that the photoresist layer
140 is dissolved. Accordingly, the photoresist layer 140 is
removed from the first metal seed layer 130. The first metal
seed layer 130 uncovered by the traces 180 is removed from
the dielectric layer 120 by micro-etching.

FIGS. 11 and 12 show step 10, in which a solder mask 190
is formed on a surface of the dielectric layer 120, a surface
of the metal bumps 170 and a surface of traces 180. A
number of holes 191 are defined in the solder mask 190.
Each hole 190 spatially corresponds to a metal bump 170.
Each metal bump 170 is exposed from one hole 190.

In the present embodiment, the solder mask 190 is formed
by printing solder mask ink, exposing the solder mask, and
developing the solder mask. An area of cross section of each
hole 190 is larger than an area of cross section of corre-
sponding metal bump 170. The trace 180 is embedded in the
solder mask 190.

FIG. 13 shows step 11, in which a surface treatment is
applied to portions of the metal bumps 170, which protrude
out of the dielectric layer 120, thereby obtaining a printed
circuit board 100.

In the present embodiment, when the surface treatment is
applied to portions of the metal bumps 170, a protection
layer 173 is formed over a surface of the portion of each
metal bump 170 which protrudes out of the dielectric layer
120, such that the surface of the portion of each metal bump
170 which protrudes out of the dielectric layer 120 is
protected. A material of the protection layer 173 may be tin,
lead, silver, gold, nickel, palladium, a single layer structure
made of an alloy of such metals, or a multilayer structure
made of a combination of such metals, for example. The
protection layer 173 may be made of organic solderable
preservative. When the protection layer 173 is made of
metal, the protection layer 173 may be formed by electro-
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plating. When the protection layer 173 is made of organic
solderable preservative, the protection layer 173 may be
formed chemically.

In the present embodiment, a solder 192 is filled in each
hole 191. The solder 192 formed over a surface of the
protection layer 173. Portion of each solder 192 protrudes
out of the solder mask 190. A material of the solder 192 may
be tin, lead or copper, also may be an alloy of such metals.

The printed circuit board 100 obtained by the above
method includes the base 111, a number of conductive pads
112, the dielectric layer 120, the activated metal layer 152,
the first metal seed layer 130, the second metal seed layer
160, the metal bumps 170, traces 180, and solder mask 190.

The conductive pads 112 are formed on the base 111. The
conductive pads 112 arranged in an array.

The dielectric layer 120 is formed on the surface of the
conductive pads 112 and the surface of the base 111 exposed
from the conductive pads 112. The dielectric layer 120 is
made of the ink includes a laser-activated catalyst. The
laser-activated catalyst is converted into an electrically
conductive material by laser irradiation, such that an electro-
less copper plating process can be directly applied in the
following step. A mass percent of the laser-activated catalyst
in the solder resist ink is in a range from 0.1% to 30%,
preferably from 0.5% to 10%. The laser-activated catalyst
may be a heavy metal mixture oxide spinel, for example,
copper-chromium oxide spinel. The laser-activated catalyst
may be metal salt, for example, copper sulfate, copper
hydroxide phosphate, or cupric rhodanate.

The printed circuit board 100 also includes a plurality of
blind vias 151. The blind vias 151 spatially correspond to the
conductive pads 112. Each blind via 151 passes through the
dielectric layer 120. The activated metal layer 152 is formed
in the inner sidewall of every blind via 151, and is in contact
with the dielectric layer 120. The second metal seed layer
160 is formed on the activated metal layer 152 and the
corresponding conductive pad 112. The first metal seed layer
130 is formed on a surface of the dielectric layer 120 furthest
away from the base 111. The traces 180 formed on a surface
of the first metal seed layer 130 furthest away from the
dielectric layer 120.

The solder mask 190 is formed on a surface of the
dielectric layer 120 and a surface of traces 180. The solder
mask 190 includes a number of holes 191.

A portion of each metal bump 170 is in a blind via 151,
and the other portion of each metal bump 170 protrudes from
the blind via 151 and is in one hole 191. The portion of each
metal bump 170 in the blind via 151 is in contact with the
second metal seed layer 160.

In the present embodiment, the protection layer 173 is
formed on the surface of the portion of the metal bump 170
which protrudes from the dielectrical layer 120. A material
of the protection layer 173 may be tin, lead, silver, gold,
nickel, palladium, a single layer structure made of an alloy
of one of such metals, or a multilayer structure made of a
combination of such metals, for example. The protection
layer 173 may be made of organic solderable preservative.
When the protection layer 173 is made of metal, the pro-
tection layer 173 may be formed by electroplating. When the
protection layer 173 is made of organic solderable preser-
vative, the protection layer 173 may be formed chemically.

In the method for manufacturing the printed circuit board
100, the blind via 151 is defined by a laser. Accordingly,
there is no need to first define a plurality of larger openings
in the dielectric layer by a first developing process and a
plurality of larger openings in the photoresist layer by a
second developing process, and there is no need to align the
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larger openings in the dielectric layer with the larger open-
ings in the photoresist layer. Productivity of the printed
circuit board 100 is thus higher. In addition, the dielectric
layer 120 is made of a ink including a laser-activated
catalyst. When the blind via 151 is defined by a laser, the
laser-activated catalyst is at the wall of blind via 151, which
is in the dielectric layer 120, and is activated to obtain the
activated metal layer 152. Then, the second metal seed layer
160 can be easily obtained by electroplating. Further more,
because the blind via 151 is precisely defined by a laser, the
blind via 151 can be made smaller. A distribution density of
the blind via 151 is greater, and a distribution density of the
metal bump 170 is also greater.
While certain embodiments have been described and
exemplified above, various other embodiments will be
apparent from the foregoing disclosure to those skilled in the
art. The disclosure is not limited to the particular embodi-
ments described and exemplified but is capable of consid-
erable variation and modification without departure from the
scope and spirit of the appended claims.
What is claimed is:
1. A method for manufacturing a printed circuit board,
comprising:
providing a circuit substrate, the circuit substrate com-
prising a base and a plurality of conductive pads;

forming a dielectric layer on a surface of the conductive
pads and a surface of the base exposed from the
conductive pads, the dielectric layer comprising a laser-
activated catalyst;
forming a first metal seed layer on a surface of the
dielectric layer furthest from the circuit substrate;

forming a photoresist layer on a surface of the first metal
seed layer furthest from the dielectric layer, the pho-
toresist layer comprising a trace portion;

exposing the trace portion of the photoresist layer;

defining a plurality of blind vias in the photoresist layer,

the first metal seed layer, and the dielectric layer using
a laser, the blind vias spatially corresponding to the
conductive pads, each conductive pad exposed from a
corresponding blind via, the laser-activated catalyst at
a wall of the blind via being activated by laser, thereby
obtaining an activated metal layer;
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forming a second metal seed layer on the activated metal
layer, the second metal seed layer being electrically
connected to the first metal seed layer;

removing the trace portion of the photoresist layer by

developing to form a trace opening, and a portion of the
first metal seed layer being exposed from the trace
opening;

forming a metal bump in each blind via and forming a

trace in the trace opening by electroplating, the metal
bump protruding the surface of the dielectric layer
furthest from the circuit substrate; and

removing the first metal seed layer uncovered by the trace

and the photoresist layer, thereby obtaining a printed
circuit board.

2. The method of claim 1, wherein the dielectric layer is
formed by printing an ink, exposing the ink, and developing
the ink, and the ink comprises the laser-activated catalyst.

3. The method of claim 2, wherein a mass percent of the
laser-activated catalyst in the ink is in a range from 0.1% to
30%.

4. The method of claim 3, wherein the laser-activated
catalyst is a heavy metal mixture oxide spinel or metal salt.

5. The method of claim 4, wherein the laser-activated
catalyst is copper-chromium oxide spinel, copper sulfate,
copper hydroxide phosphate, or cupric rhodanate.

6. The method of claim 1, wherein the second metal seed
layer is formed by electro-less copper plating.

7. The method of claim 6, further comprising a step of
forming a protection layer on a surface of each metal bump
protruding the dielectric layer.

8. The method of claim 1, further comprising forming a
solder mask on the surface of the dielectric layer and a
surface of the trace, a plurality of holes corresponding to the
metal bumps defined in the solder mask, a portion of the
metal bump protruding from the blind via being exposed
from each corresponding hole.

9. The method of claim 8, wherein an area of cross section
of each hole is larger than an area of cross section of the
metal bump in the corresponding hole.
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