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Introduction 
Flexible Printed Circuit boards (hereafter called FPC) are applied 
to various electronic devices due to their mechanical 
characteristics and are indispensable  to electronic devices 
requiring system miniaturization, weight reduction and multi-
functionality. This article describes a new electrolytic copper 
plating technology which is an essential step in the 
manufacturing process of FPC.  This new electrolytic copper 
plating technology improves the manufacturing process and 
realizes higher functionality. 
 
1. Application of FPC 
FPCs are employed in a wide variety of applications due to the 
nature of their characteristics. Examples of applications for FPCs 
include cell-phone liquid crystal display enclosure, hinge parts, 
keypad, battery enclosure and interface components. FPCs are 
also used in optical pickup and device interfaces inside hard disk 
drives, digital still cameras and digital camcorders. Desired 
performance characteristics are: 1) wiring within small spaces, 2) 
wiring connection accompanied by mechanical functions within 
working part/device and motherboard, 3) high density 
interconnect resulting from denser and narrower features. FPCs 
fall into three broad categories: single-sided flexible printed 
wiring boards, double-sided flexible printed wiring boards and 
multilayer flexible printed boards. Single sided and double sided 
FPCs are widely employed for personal computers, optical 
pickup (OPU), HDD and cell phones. When calculated based on 
substrate area, half of these are single sided and the remainder 
are double sided. Multilayer FPCs are mainly used in cell 
phones, OPU, portable music players and DSC/DVC. However, 
multilayer FPCs only represent about 3-4% of the total FPC 
production by finished board area base. This is  
 
 
because there are relatively few large volume applications for 
multilayer FPCs. 
 
2. FPC Materials 
Polyimide is a crucial material which provides key features to 
FPC and is used in almost all FPC. In general, FPC is 
manufactured with a flexible copper clad laminate (FCCL) or its 
combinations. FCCL may be broadly grouped into the following 
four types: 1. material made from single polyimide and copper 
clad sheets connected with epoxy adhesive, 2. material 
laminated using polyimide adhesive (laminate), 3. material made 
using polyimide film and a sputtering/plating method and 4. 
material made by coating polyimide varnish on copper foil 
(casting) followed by a curing step. 
Today, the dominant films for FPC applications are 12.5 - 25 
microns thick, with the industry trend being towards ever thinner 
materials. There are two major types of copper foil used for 
FCCL; electrolytic copper foil and rolled copper foil.  Electrolytic 
copper foil is typically 18 or 12 microns in thickness, and rolled 
copper foil 18 microns thick. Both types of copper foils are 
moving to thinner dimensions. Generally, rolled copper foils 
demonstrate flexural properties superior to those of electrolytic 
copper foil. HDD applications, in particular, require high flexibility 
and reliability, so rolled copper foils dominate this segment. In 
recent years, flexural properties of electrolytic copper foil have 
been much improved and these foils are being increasingly used 
for optical pickup applications. 
 
3. FPC Manufacturing Process 
As mentioned previously, FPC falls into three broad 
categories; single sided, double sided and multilayer. Each type 

of FPC has a series of required manufacturing process steps, 
examples of which we will provide below. In particular, multilayer 
FPCs have a wide variety manufacturing processes based on 
the specifics of desired structures and performance 
characteristics. 
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Figure 1�� FPC Manufacturing Processes (SS & DS) 1) 2) 
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Figure 2 FPC Manufacturing Processes (Multilayer) 1) 2) 

 
4. Desired Characteristics and Specifications 
Table 1 shows examples of the desired performance 
characteristics for each type of FPC. Mechanical features 
specific to FPC are desired, as well as several different reliability 
tests appropriate for the intended electronic devices. The main 
mechanical requirements are flexural strength and bending 
endurance. Unlike rigid boards, flexural strength is absolutely 
essential for FPC because these are used as moving parts 
which need strong electric connections and capable of operation 
in small spaces with good wiring reliability. 
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Table 1  Required Reliability of FPC 3) 
Flexure Strength (IPC method ) JIS C5016 8.6

Single side Double side Multilayer
Min No of bending 1,000,000 or 3,000,000 1,000,000 1,000,000
Bending radius (mm) 1.5 or 4.0 2.0 2.0
Temp. Condition (degC) +45/-5 or +65/-10 +45/-5 or +65/-10 +45/-5 or +65/-10

Folding Endurance (M.I.T. Test)  JIS C5016 8.7
Single side Double side Multilayer

Min No of bending
Bending radius (mm)
Weight (N)
Temp. Condition (degC)

Thermal Cycle
Single side Double side Multilayer

No of Cycle 500 500 500
Temp. Condition (degC) +115/-40 or +125/-65 +115/-40 or +155/-65 +115/-40 or +125/-65

Thermal Shock
Single side Double side Multilayer

No of Cycle 30 or 500 30 or 500 30 or 500
Temp. Condition (degC) +125/-65 +125/-65 +125/-65

High Temperature Storage
Single side Double side Multilayer

Storage Time (hrs) 500 500 500 or 1000
Temp. Condition (degC) 125 or 155 125 or 155 100 or 125

3,000,000 or 10,000,000
0.8
4.9

+45/-5 or +65/-10

 
 
Table 2 shows a history of FPC specifications. The design rules 
of FPC have changed to follow the trend of miniaturization and 
multi-functionality of electronic devices. Moreover, to allow 
higher density, trace widths have become smaller and boards 
thinner.  
 

Table 2  Anticipated FPC Specification Changes 4) 
Multilayer FPC

Yr. 2008~ 2010~
Min. Board Thickness  *6Layers 0.4~0.5 mm 0.35~0.4 mm
Outer layer Trace Thickness 25~30 um 25 um
Outer layer Min Trace width 45~70 um 40~50 um
Min. TH Diameter 200~225 um 180~200 um
Min. IVH Diameter 150~200 um 150~175 um
Min. Via Diameter 100 um 80~100 um
Min Plating Thickness on TH 15~20 um 15~17 um
Min Plating Thickness on IVH 10~13 um 9~13 um
Min Plating Thickness on Via 9~13 um 8~13 um

Double Side FPC
Yr. 2008~ 2010~

Min. Board Thickness 100~175 um 80~175 um
Trace Thickness 25~30 um 20~30 um
Min Trace width 30~60 um 25~60 um
Min. TH Diameter 100 um 75~100 um
Min. Via Diameter 75~100 um 75~100 um
Min Plating Thickness on TH 10~15 um 10~15 um
Min Plating Thickness on Via 10~12 um 8~10 um

Single Side FPC
Yr. 2008~ 2010~

Min. Board Thickness 40~80 um 35~80 um
Trace Thickness 12~18 um 9~18 um
Min Trace width 30~40 um 20~30 um
* excl. TAB & COF  
 
5. Plating Technology for FPC 
For the manufacturing process of double sided/multilayer FPC, 
plating technology is employed to provide robust electric 
connections between layers and is an essential step within the 
overall process. In general, electroless copper plating and 
electrolytic copper plating are used in order to form plated 
through-holes and via holes. Especially for double sided FPC, 
direct plating has been widely employed for the initial 
metallization procedure prior to electrolytic copper plating. 
Electrolytic copper plating is a very important technique in all of 
the plating processes employed for FPC manufacture, as it 
affects wiring design, board dimensional design and 
thermal/mechanical reliability. 
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Figure 3 Electrolytic Copper Plating Process 

 
Figure 3 illustrates the standard process flow for electrolytic 
copper plating.�� Electrolytic copper plating follows the process 
steps of through-hole/via hole formation, initial metallization 
process and pre-cleaning of the board. A drying step follows 
electrolytic copper plating and precedes the patterning process. 
Since FPCs are thin and flexible, these features largely influence 
the manufacturing process and design of FPC. As mentioned 
before, since electrolytic copper plating affects wiring design, 
board dimensional design and thermal/mechanical reliability, 
electroplated deposits require the following characteristics. 
 
1) Dimensional stability after plating 

 (stable wiring design) 
2) Thermal / Mechanical Reliability 
           (usage environment, device assembly) 
3) Compatible with full range of Making Hole Conductive 

chemistries (manufacturing process) 
4) Uniform plating distribution on board surface 

(wiring design) 
5) Plating surface smoothness                                     

 (moving parts, wiring design) 
 

6. Higher Functionality Electrolytic Copper Plating Process 
With the finer wiring dimensions and higher density trends of 
FPC, electrolytic copper plating processes also need to improve 
their functionality. This section gives a detailed description of a 
new electrolytic copper plating process and compares it to 
conventional processes. 
 
6.1 Dimensional Stability (wiring design) 
In response to finer and higher-density trends, registration 
tolerance has to be improved. Excellent dimensional stability in 
the manufacturing process is required in order to improve 
registration tolerance. The main factors affecting dimensional 
stability in the FPC manufacturing process are base material 
performance, plating film properties and manufacturing process 
conditions. For the plating process, internal stress occurring in 
electrolytic copper plating films becomes a very important factor. 
In the electrolytic copper plating process, since there are more 
plating opportunities than other processes in metallization, the 
deposit internal stress has a large effect on the dimensional 
stability. The effect of plating stress appears as either bowing of 
boards after etching, patterning or as movement of pattern 
features. As may be seen in Figure 4, the dimensions of a board 
change depending on the internal stress after plating. The board 
shrinks with tensile deposit stress and expands under 
compressive stress. 

Cƒ
Cƒ

CIRCUIT BOARD TECHNOLOGIES  TECHNICAL COMMUNICATION S 



 

 
Cƒ
Cƒ

Cƒ
Cƒ

Stretch Shrink 
Compressive stress Tensile stress 

 

Figure 4   Relationship between copper deposit 
internal stresses and dimension change of FPC 
Cƒ
Typically, the internal stress of acid copper plated deposits is 

tensile. Also, the amount of internal stress varies gradually due 
to self-annealing of the deposit. FPCs are strongly influenced by 
this internal stress because the boards are so thin. A copper 
plating process having low internal stress is therefore very 
suitable for FPC applications. Figure 5 shows the change of 
residual stress as a function of time after plating. Current density 
also affects the change of residual stress within the plated film. 
In conventional processes, internal stress reaches 20 MPa after 
10 hours and then remains stable at that value. While this level 
of residual stress is unlikely to have significant impacts on 
present FPC designs, it may be an issue for future design 
specifications. The new process shows an internal stress that 
reaches a value of approximately 15 MPa after 7 hours and 
remains stable there.  Compared to the conventional process, 
the residual stress is significantly lower. 

Cƒ
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Figure 5��  Change of residual stress after plating    
�� �� as a function of plating process 

 
 
 

6.2 Thermal/Mechanical Reliability 
(use environment adaptability, component mounting) 
Regarding plating reliability, the temperature in assembly 
operations has been increased, due to the shift to lead-free 
solders, therefore, higher thermal reliability is required than 
previously. Electrolytic copper plating processes must provide 
excellent film properties to respond to these changes in 
assembly conditions and the trend to finer-pitch features. Figure 
6 shows cross-section photographs of FPC after solder float 
testing. In general, when the plated deposit is thin, 
interconnection failures such as cracks tend to occur as a result 
of thermal shock. Our new product does not show such cracks, 
even at  low plating thicknesses. This provides an improved 
process window for reliable assembly. 
Cƒ
Cƒ
Cƒ
Cƒ
Cƒ
Cƒ

Cƒ

Cƒ Cƒ
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Figure 6�� Cross-section photograph of FPC 
after          

                  solder float test (Plating thickness: 
8um) 

6.3 Alternative Metallization Processes (board design) 
General-purpose double sided FPC very often employs direct 
plating processes for the initial metallization. Unlike electroless 
copper plating, the resistance of the initial metallization film is 
high, which may cause deposition failure in the subsequent 
electrolytic copper plating process. In such cases, powdery 
copper deposits are formed during the early stages of plating, 
resulting in adhesion defects and poor appearance (as shown in 
Figure 7). Such powdery copper deposits are not observed with 
the new product. The deposition also has good compatibility with 
a wide range of electroless copper plating and direct plating 
processes. 
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Figure 7�� Cross-section Images of Copper- 
Copper Interfaces  

Cƒ
6.4 Plating Distribution (wiring design) 
Thinner copper foil and plated copper deposits and introduction 
of non-through hole interconnections are essential for high 
density circuit formation. High-density multilayer FPCs use 
microvia holes (MVH) for inner layer connections. Excellent 
plating distribution is required to ensure high connection 
reliability, particularly for smaller diameter MVH. Figure 8 shows 
the coverage capability of electrolytic copper plating on MVH. 
The new process shows high capability, even for small diameter 
vias, due to its excellent plating distribution. 
Cƒ
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Figure 8��  Cross-section Images of micro via 
hole (MVH:100 micron diameter / 60 micron 

deep) 
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6.5 Surface Smoothness (working part, wiring design) 
Unlike rigid boards, FPC is characterized by its flexibility. Bend 
performance requirements of the wiring section connecting 
between boards vary widely with applcations. In the case of the 
hinge of a cellphone, more than 100,000 flexures are required 
(measured with a 180 degree open/close test.5) 
The area required the bending operation needs to have thin 
copper films in order to meet these needs. Table 3 shows 
examples of typical electrolytic copper plating thicknesses as a 
function of FPC type. 
Cƒ

Table 3��  Required Copper Plating Thickness 
as a  

Function of FPC Type 
Cƒ

 Double 
side 
FPC 

HD 
FPC 

Multi-
FPC 

Plating 
thickness 
(microns) 

10:* 15 5:* 10 10:* 20 

Cƒ
FPCs used for moving parts generally use rolled copper foil 
because of its good bending performance. However, when 
electrolytic copper plating is applied to rolled copper foil, it is 
sometimes reported that some level of surface unevenness can 
be observed on the surface of the plated deposit. This is 
believed to be caused by an interaction between the plating 
process and the crystal size of the foil substrate (shown in 
Figure 9).  
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Figure 9  SEM images of crystal grain of various 
copper foils used for FPC applications 

 
This surface unevenness may cause wiring defects in the 
following patterning process and can therefore become a major 
obstacle to manufacture of finer pattern high-density FPC. In 
order to reduce the unevenness, use of thicker plating 
thicknesses or leveling by the use of mechanical polishing have 
been  considered, but increases in film thicknesses represent a 
large obstacle to maintaining high flexural performance. In 
addition, due to FPC’s thin and soft properties, mechanical 
polishing is very difficult to perform. As a result, electrolytic 
copper plating processes must be able to produce deposits with  

excellent surface smoothness on all copper foil materials used 
for FPC. Such smooth deposits also allow finer patterning and 
higher bending performance, while using thinner plating 
thicknesses and not using mechanical polishing.  Figure 10 and 
Figure 11 show a comparison of brightness between a 
conventional process and the newly developed processC‘CƒCƒ
For electrolytic copper plating over rolled copper foil, the 
conventional product shows some fine surface unevenness and 
is semi-bright in appearance. In contrast, there is no surface 
unevenness found with the new product and good brightness is 
observed. The new process allows the use of lower plating 
thicknesses with an excellent plated surface smoothness, 
allowing both fine patterning capability and optimum flexural 
performance.  
 

Cƒ Cƒ
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Figure 10��  Comparison of surface smoothness 
of plated FPC between conventional product 

and new product 
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Figure 11��  Comparison of brightness of plating   
                    deposits over rolled copper 

substrate 
 
The new process also provides the low stress, good plating 
distribution and high thermal shock resistance reliability required 
for electrolytic copper plating process in FPC applications, and 
gives a smooth plating surface for all copper foil materials. In 
addition, this process does not require any special process 
control and conventional plating equipment may be used. Figure 
12 shows the process flow of the new electrolytic copper plating. 
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Figure 12   Manufacturing Flow for  
New Electrolytic Copper Plating Process 
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7. Conclusion 
In recent years, FPCs have greatly increased their range of 
applications in a wide variety of electronic devices, wherever 
high functionality and high reliability are required. Also, as such 
devices offer technical advantages, wiring density tends to be 
higher, which in turn increases the need for higher-performance 
electrolytic copper plating processes. 
This novel electrolytic copper plating process provides advanced 
FPC manufacturers with a new option for high-function and high-
performance, while maintaining or improving the required 
interconnection and mechanical reliability for the board. 
Cƒ
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Rohm and Haas Electronic Materials LLC is a global supplier of 
a comprehensive range of making hole conductive (MHC) 
products, including desmear, pretreatment, catalyst, electroless 
copper / direct plate chemistries and electrolytic plating 
processes for circuit board fabrication. 
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