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1. Introduction

In recent years, the miniaturization of electronic
devices, such as a cellular phone and a notebook
computer, is progressing rapidly.  High-density
wiring is therefore required in printed wiring board
(PWB) on which components are mounted.
Multilayer PWB has received considerable attention
for its potential application to the PWB with high-den-
sity wiring.  Figure 1(a) shows the structure of multi-
layer PWB produced by the plated through hole
(PTH) process.  Since PTH makes interlayer connec-
tion, the flexibility of wiring is low and there are
many dead spaces.  The PTH-type multilayer PWB is
also disadvantage for high-density surface mounting,
because components cannot be mounted on PTH.
Figure 1(b) shows the structure of multilayer PWB
produced by the build-up process.  Since interlayer
connection can be made in the arbitrary position of
each layer, the flexibility of wiring is high and there
are few dead spaces as compared with the PTH-type
multilayer PWB.  Furthermore, the build-up type mul-
tilayer PWB can make most of the surface of outer
layer into a mounting space.  Thus, the build-up type
multilayer PWB is advantageous for high-density
wiring and high-density surface mounting.  It is possi-
ble for the build-up type multilayer PWB to make

interlayer connection with conductive paste instead of
plating1) 2).

2. Build-up Process

Figure 2 shows the process flow of build-up
process with resin-coated copper foil (RCC).  The dis-
advantage of the build-up process with RCC is that
the thickness of copper layer after plating becomes
thick because of the plating on copper foil of RCC.
Conductor pattern is formed by the subtractive
process where copper layer is etched off.  It is diffi-
cult to form fine conductor pattern precisely by etch-
ing thick copper layer. Details of the subtractive
process will be described in the following section.  

Figure 3 shows the process flow of build-up
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Fig. 1.  Structure of Multilayer Printed Wiring Boards
Produced by (a) the Plated Through Hole Process and

(b) the Build-up Process.
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Fig. 2.  Process Flow of the Build-up Process with 
Resin-coated Copper Foil (RCC).



process with resin film.  Since the thickness of plating
equals the thickness of the copper layer, a thin cop-
per layer can be obtained by adjusting the plating
conditions.  It is therefore possible to form fine con-
ductor pattern to a limited extent by etching thin cop-
per layer.  Thin conductor pattern however causes
high resistance.  

3. Subtractive and Additive Processes

The subtractive process is widely used to form the
conductor pattern on PWB.  In this process, etching
copper layer except the portion protected with etch-
ing resist results in the formation of the conductor
pattern.  Etching of copper proceeds not only to a per-
pendicular direction to etching resist but also to the
wall of the conductor pattern to cause undercut (Fig.
4(a)).  The degree of the undercut is larger as the
thickness of copper layer to be etched off becomes
thicker.  The subtractive process is disadvantageous
for the formation of fine conductor pattern because of

the undercut.  
In the additive process, on the other hand, plating

proceeds along plating resist and the resist is
removed to form the conductive pattern (Fig. 4(b)).
Since no undercut observed in the subtractive
process has occurred, fine conductor pattern of high
precision is formed by the additive process.
Moreover,a thick conductor pattern where resistance
is low can be formed by using thick plating resist.  

In the present paper, we report the formation of
build-up conductor pattern.  We adopt the build-up
process with resin film and the additive process,
which are advantageous for the formation of fine con-
ductor pattern as mentioned above.  

4. Additive Process for Build-up Conductor
Pattern

Figure 5 shows the process flow of the formation of
build-up conductor pattern.  We used a four-layer
PWB with through-holes as a core board.  Laser via
holes (Via diameter top: 100µm; bottom: 80µm) were
formed on a resin film laminated on the core board.
Plating resist pattern was formed by the photolitho-
graphic method.  Plating resist was removed after
plating to form build-up conductor pattern.  We adopt-
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Fig. 3.  Process Flow of the Build-up Process with Resin Film.
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Fig. 4.  Differences in Forming Conductor Pattern between (a)
the Subtractive Process and (b) the Additive Process.
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Fig. 5.  Process Flow of the Formation of Build-up Conductor
Pattern.



ed via daisy-chain pattern in the build-up conductor
pattern for a heat resistance test.  Another build-up
conductor pattern as a reference was formed by the
subtractive process.  

5. Inspections and Test of Build-up Conductor
Pattern

5.1. Dimensional Inspections

Figure 6 shows the cross-section of the build-up
conductor pattern formed by the additive process.
Plated laser via holes make interlayer connection
with the core board.  Figure 7 shows the SEM micro-
graphs and cross-section of the build-up conductor
pattern (Line/Space (L/S) = 25/25µm).  The conduc-
tor pattern formed by the subtractive process shows
trapezoidal cross-section with narrower top and wider
bottom width (Fig. 7(a), (b)).   The conductor pattern
formed by the additive process shows rectangular
cross-section (Fig. 7(c), (d)).  

Figure 8 shows the line width distribution of the
build-up conductor pattern (L/S = 25/25µm).  The
conductor pattern formed by the subtractive process
shows wide line width distribution in the range of 20-
30µm (Fig. 8(a)).  The conductor pattern formed by
the additive process shows narrow line width distribu-

tion around 25µm (Fig. 8(b)).  
Fine build-up conductor pattern (L/S = 25/25µm)

of high precision was obtained by the additive
process.  The subtractive process was disadvanta-
geous for the formation of fine build-up conductor
pattern because of the undercut.  

5.2. Heat Resistance Test

Figure 9 shows the resistance of the via daisy-chain
pattern in the build-up conductor pattern formed by
the additive process after heat treatment at 260°C for
10 s.  The resistance of the pattern with copper plat-
ing thickness of 32µm is lower than that of 9µm.  The
resistance of the pattern gradually increases as the
number of times of heat cycle increases.  We consid-
er that exfoliation occurred between copper plating
and resin film, or copper plating and copper layer of
the core board during heat treatment causes the rise
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Fig. 6.  Cross Section of the Build-up Conductor Pattern
Formed by the Additive Process.

Fig. 7.  SEM Micrographs and Cross Section of the Build-up
Conductor Pattern (L/S = 25/25µm) Formed by (a), (b)

Subtractive Process and (c), (d) Additive Process.
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Fig. 8. Line Width Distribution of the Build-up Conductor
Pattern (L/S = 25/25µm) Formed by (a) Subtractive Process

and (b) Additive Process.
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Fig. 9. Resistance of the Via Daisy-chain Pattern after Heat
Treatment at 260°C for 10s.  
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of resistance.  It appears that the adhesion of plating
is weak in the present build-up conductor pattern.  

6. Conclusion

We have developed the build-up conductor pattern
by using the additive process.  The additive process
was more effective in forming fine pattern (L/S =
25/25µm) of high precision than the conventional
subtractive one.  Finer build-up conductor pattern can
be formed by the additive process.  The present
build-up conductor pattern showed poor heat resis-

tance.  The improvement in heat resistance is under
examination.  
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