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3D molded interconnecting 
device

http://www.lpkf.com
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Selective metallization on 
polymer

• LPKF-LDS®

• MIPTECH-PANASONIC® 

• Laser-induced selective activation (LISA) and 
electroless copper plating (ECP)
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Laser-induced selective activation
(LISA)

LISA
1 step process

Polymer

Laser beam

Sponge-like porous structures
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Electroless copper plating (ECP) on 
polymer after LISA

1. Activation with 
palladium

2. Cleaning in 
distilled water

3. Electroless 
copper plating

Polymer

ECP
3 step process
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Quality characterization of 
copper deposition

Thickness h Conductivity

RS = 
1

ℎ𝜎

𝜎

Sheet resistance

Polymer

Copper deposition

In this work, the new colorimetric method
of quality characterization of ECP on
polymer after LISA using color-distance
metrics is proposed.
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Experimental setup and 
procedure for LISA

Laser (Baltic HP, Ekspla):
pulse duration 10 ns; 
pulse repetition rate 50 kHz; 
wavelength of irradiation 532 nm; 
mean laser power up to 1.0 W.

Polycarbonate/acrylonitrile 
butadiene styrene (PC/ABS) 
polymer
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Copper deposition on polymer

Poor plating
Rs = 4300 Ω/sq

Moderate plating
Rs = 3.1 Ω/sq

Good plating
Rs = 0.14 Ω/sq
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Area fraction of copper

Conversion to grayscale, luminance:

Conversion to black and white, 
threshold:

Area fraction of copper:

ϕfrac = 
𝑊

𝐵+𝑊
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Area fraction of copper

Poor plating
Rs = 4300 Ω/sq
ϕfrac ≈ 0.03

Moderate plating
Rs = 3.1 Ω/sq
ϕfrac ≈ 0.65

Good plating
Rs = 0.14 Ω/sq
ϕfrac ≈ 0.90
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Colour difference

Colour difference: 

Image after ECPImage after LISA
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Colour difference

Poor plating
Rs = 4300 Ω/sq
ϕfrac ≈ 0.03
ΔE = 0.06

Moderate plating
Rs = 3.1 Ω/sq
ϕfrac ≈ 0.65
ΔE = 0.44

Good plating
Rs = 0.14 Ω/sq
ϕfrac ≈ 0.90
ΔE = 0.62

ϕfrac vs ΔE
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Area fraction vs colour difference
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Images of the polymer before 
and after copper plating

Moderate plating
1 Ω/sq < Rs < 10 Ω/sq

Good plating
0.1 Ω/sq < Rs < 1 Ω/sq

Poor plating
10 Ω/sq < Rs < 2 × 104 Ω/sq
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Sheet resistance vs colour 
difference

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
10

-1

10
0

10
1

10
2

10
3

10
4

Colour difference (a.u.)

S
h

e
e

t 
re

s
is

ta
n

c
e

 (


/s
q

)

Moderate plating
1 Ω/sq < Rs < 10 Ω/sq

Good plating
0.1 Ω/sq < Rs < 1 Ω/sq

Poor plating
10 Ω/sq < Rs < 2 × 104 Ω/sq
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Percolation model of polymer 
and metal mixture

Conductivity:

Poor plating
Rs = 4300 Ω/sq
ϕfrac ≈ 0.03
ΔE = 0.06

Moderate plating
Rs = 3.1 Ω/sq
ϕfrac ≈ 0.65
ΔE = 0.44

Good plating
Rs = 0.14 Ω/sq
ϕfrac ≈ 0.90
ΔE = 0.62
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Percolation model of sheet 
resistance

Sheet resistance: 

Area fraction is proportional to colour distance:

By combining all equations:
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Percolation model of sheet 
resistance
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Colour difference vs processing 
parameters

Best plating quality:
Rs = 0.1 Ω/sq.

Optimal 
processing 

parameters:
P = 0.7 W; 

v = 0.7 m/s.
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Colour space

Five major models of colour spaces:

RGB CMYK YUV

HSV CIELab
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Conclusions

• The sheet resistance of copper layers decay by the power-law
with increasing of the colour difference.

• The percolation theory of electrical conductance of insulator-
conductor mixture has been adopted in order to explain the
experimental results. Three distinguishable regions of sheet
resistance decay correspond well with the generalized
percolation model.

• The new proposed method has been proven to be
independent on the colour space used for the colour
difference measurements.

• A new colorimetric method is an easy tool for evaluation of
the metal plating quality requiring only an optical microscope
or a colorimeter.
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