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Grayscale Marking of Anodized Aluminium Plate by Using Picosecond
Laser and Galvanometer Scanner

Mindaugas GEDVILAS"', Bogdan VOISIAT"' and Gediminas RACTUKAITIS "

*! Center for Physical Sciences and Technology, Savanoriu Ave. 231, LT-02300 Vilnius, Lithuania
E-mail: mgedvilas@ftmc.lt

In this work, we demonstrate the grayscale modifications of an anodized aluminium plate by us-
ing ultra-short laser pulses. The measurement and analysis results on influence of the laser marking
process parameters on the blackness of marking obtained are presented. The study was conducted
for the aluminium plate with the transparent anodizing Al,O; coating by using a commercially
available industrial picosecond laser and galvanometer scanner. The grayscale of marking was
changed by scanning the laser beam focused at the boundary of the coating and aluminium sheet
without damaging the transparent coating. The scanning speed and mean laser power was varied in

order to enhance the blackness of the marking.

It was determined experimentally how various process parameters, such as the laser power,
pulse repetition rate, irradiation time per square millimetre affected the luminance Y ~of the gray-
scale obtained. The grayscale modifications starting from 40 % grey (untreated sample) to 93 %
grey were achieved without damaging the protective Al,O; coating.
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1. Introduction

Laser colour marking as a process has been known
nearly for three decades [1]. It has a wide range of im-
portant applications like: the high precision variable infor-
mation marking [2], authentication and traceability [3],
creation of contemporary jewellery [4], decoration [5], se-
lective colouring with 3D laser printing [6], electronics, the
automotive industry, art for new designs and advertising
[7]. Four main methods of laser colouring of metals have
been reported in the literature. The first utilizes a laser as a
heat source, which initiates formation of a transparent or
semi-transparent oxide film on the metal surface [4, 8-12].
The change of the colour occurs via thin-film-interference
phenomenon. This method has drawback as it is sensitive
to processing parameters and is hard to reproduce [11, 13].
The second method is based on laser induced periodic sur-
face structuring also called laser induced ripple formation
[14-16]. Colour effect is obtained due to the diffraction of
light by periodic structures on the metallic surface [17].
The third method is based on composition or structural
changes of processed layer [18-20]. The fourth method is
based on laser induced surface morphology changes on the
substrate and light trapping by them [21]. All above men-
tioned methods are sensitive to wear and corrosion re-
sistance because of the thinness of nano-structured surface
[11]. The way to overcome this is to use metal with hard
transparent coating and induce colour modification at the
boundary of coating/metal without damaging the protective
coating.

Aluminium is the most abundant metal in the Earth’s
crust and in the environment. It has many applications be-
cause of its unique chemical, electrical, thermal and me-
chanical properties [22]. Aluminium is very light and
strong and is specific strength (strength-to-weight ratio) is
just below stainless steel and titanium [23]. Moreover, it is
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soft material and it is easy to machine [22]. However, soft-
ness makes it is easy to scratch. The anodizing aluminium
by electrochemical procedure creates transparent Al,Os
coating and makes the surface hardness comparable to sap-
phire depending on the thickness of the coating and anodiz-
ing procedure applied [24, 25].

In this work, the experimental results of the grayscale
marking of anodized aluminium plate by using picosecond
laser irradiation are presented. The various levels of grey
were achieved at the Al,O5/Al interface by controlling the
laser power, pulse repetition rate and processing time. The
protective Al,O; was not removed during the laser pro-
cessing.

2. Experimental
2.1 Experimental setup

Experimental setup with the picosecond laser and gal-
vanometer scanner is shown in Fig. 1.

S
Fig. 1 Principal scheme of experimental setup: LASER - picosec-
ond laser, PC - Pockels cell, WP - half wavelength wave plate, P -
polarizer, T - trap, BE - beam expander, GS - galvanometer scan-
ner, TFTO - telecentric-f-theta objective, S - sample, xy - denotes
beam positioning directions, z - beam propagation direction.
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The diode pumped picosecond laser (PL10100, Ekspla)
with the pulse duration of 10 ps, repetition rate of
50 - 200 kHz, wavelength of 1064 nm and laser power up
to 1.0 W was used in the experiments. Laser beam path
included electro-optical shutter, beam expander, galvanom-
eter scanner (SCANginel4, ScanLab) with 80 mm telecen-
tric-f-theta objective. The laser beam had Gaussian spatial
distribution (Fig. 2).
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Fig. 2 Gaussian beam profile measured by "knife edge" method at
the entrance of the galvanometer scanner.

The beam diameter measured at the entrance of the galva-
nometer scanner was 4.0 mm (1/¢%). Spot size on the sam-
ple was measured by using technique described by Liu [26]

(Fig. 3).
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Fig. 3 Modified diameter squared at the Al,O3/Al interface versus
peak laser fluence.

Spot diameter on the sample at the Al,O5/Al interface was
2wo =30 pm (1/¢%).

2.2 Sample

As a sample, the anodized aluminium plate with trans-
parent Al,O; coating was used in the experiments. The
thickness of Al plate was 1 mm and the thickness of Al,O;
coating was 20 pum.

2.3 Tests

Scanning of the Gaussian beam spot was performed
perpendicular to the sample controlling the pitch (distance
between laser spots same in both transverse directions x
and y) (Fig. 4a). The laser beam was focused on the
Al,O3/Al interface passing the transparent Al,O; coating.
The arrays of squares were marked on the sample (Fig. 4b).
In one direction the pitch was changed from 1 um to 10 pm,
in other direction the laser power was changed from 0.1 W
to 1.0 W. The area of each laser processed square was of
2x2 mm’.
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Fig. 4 (a) schematic of the marking aluminium plate with trans-
parent Al,O3 coating processed by using picosecond laser beam
being scanned with the same pitch in both directions x and y; 2w,
- is the laser spot diameter on the sample. (b) the array of squares
marked on the sample by changing the processing parameters:
pitch and laser power. The numbers below the columns of the
squares represents the measured processing time of 1 mm? area at
laser rep. rate of 100 kHz.

The arrays were repeated at three different repetition rates
of 50 kHz, 100 kHz and 200 kHz. The processing time of
each processed area was measured and plotted as a function
of pitch (Fig. 5).
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Fig. 5 Processing time of 1 mm?® area versus pitch at different

laser repetition rates: (m) — 50 kHz; (o) — 100 kHz; (A) —
200 kHz.

The processing time for laser repetition of 50 kHz was ap-
proximately two and four times higher than for 100 kHz
and 200 kHz for the same pitch, respectively. The pitch
was used only to describe the scanning procedure. The pro-
cessing time was used instead of pitch.

2.4 Evaluation of luminance of processed samples

The RGB image was taken of each laser processed area
by using optical microscope (Eclipse LV100, Nikon). The
luminance Y of grayscale was computed from RGB optical
microscope images by using formula based on the NTSC
standard [27]:

Y =0.299R +0.587G +0.114B. (M
The luminance Y’ of eleven RGB grayscale images was
calculated in order to evaluate the accuracy of Eq. (1) (Fig.
6)
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Fig. 6 The luminance Y’ f eleven RGB grayscale images calcu-
lated by using Eq. (1).

White Blac




JLMN-Journal of Laser Micro/Nanoengineering Vol. 9, No. 3, 2014

The luminance Y* calculations by using Eq. (1) give accu-
racy higher than 99.7 %.

3. Results and discussion
3.1 Experimental grayscale marking of anodized alu-
minium

The digital camera (D5100, Nikon) images of the
grayscale marked anodized aluminium plate by using the
picosecond laser are shown in Fig. 7.
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furthermore up to 200 kHz, the protective coating was not
ablated by using the same laser powers and pitch (Fig. 7c¢).
The surface morphology of anodized aluminum samples
was examined by using optical microscope. It appeared
unchanged in laser processed arecas where Al,O3 coating
was not ablated comparing to surface of non-processed
areas. The outer surface of the protective anodizing coating
was not was changed during laser coloring and color modi-
fications were induced at the boundary of coating/substrate
interface.

3.2 Luminance Y* versus processing time at different
laser powers

Optical microscope images were digitally processed
and luminance Y’ was calculated by using Eq. (1) for each
processing parameter (Fig. 8).
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Fig. 7 Digital camera images of array of tests performed of ano-
dized aluminium sheet, in x direction processing time was
changed, y direction laser power was changed. The area of each
laser processed square was of 2x2 mm?>. The squares of ablated
AlL)O5 protective coating are indicated by black solid line. Laser
repetition rate: (a) - 50 kHz; (b) - 100 kHz; (c) - 200 kHz.
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The Al,O; was ablated when laser energy dose exceeded
the ablation threshold. The processed squares with ablated
Al,O; coating are marked by solid black line in Fig. 7. By
using 50 kHz repetition rate, 34 % of the squares were
marked with removal of the protective Al,O; coating (Fig.
7a). When laser repetition rate was increased to 100 kHz,
there were only 6 % of squares with ablated transparent
coating (Fig. 7b). When laser repetition rate was increased
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Fig. 8 Luminance Y’ calculated from optical microscope RGB
images of laser processed areas by using Eq. (1) as a function of
processing time at different laser powers. The grayscale gradient
inserts shows actual colour obtained. Laser repetition rate: (a) -
50 kHz; (b) - 100 kHz; (c) - 200 kHz.

The processed squares with ablated protective Al,Os coat-
ing (see Fig. 7a,b) were not included in luminance Y’ meas-
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urements to Fig. 8. The any grayscale colour starting from
40 % grey (luminance Y = 0.6, untreated sample) to 93 %
grey (Y =0.07) were achieved without damaging the pro-
tective Al,O5 sample (Fig. 8). The shortest processing time
of 0.04 sec/mm” to get 90 % grey (Y'=0.1) was achieved
by using the 100 kHz repetition rate and the laser power of
1.0W.

4. Conclusions

The laser treatment of aluminium plate with anodizing
transparent Al,O5 coating by using picosecond laser pulses
lead to the grayscale darkening of sample at Al,O3/Al inter-
face. The processing induced grayscale darkening of the
sample with the strong dependence of the darkness to the
laser power and irradiation time. The grayscale modifica-
tions starting from 40 % grey (untreated sample) to 93 %
grey were achieved without damaging the protective Al,O;
coating. The demonstrated method has promising applica-
tions like mobile phone industry.
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