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Abstract: Nd: YAG Laser marking is flexible, programmable and environmentally clean process, 
which can indelibly mark at very fast speeds. The present paper deals with the analysis of laser 
marking process parameters like lamp current, laser scanning speed, pulse frequency of laser 
beam using Nd: YAG laser on various laser marking characteristics like the mark width, mark 
depth  and mark intensity are studied during pulsed Nd: YAG laser marking on aluminium. The 
present study shows that high pulse frequency and lamp current with low scanning speed has 
more effect to achieve the minimum mark width, maximum mark depth. Also high pulse frequency 
and scanning speed has more effect on the mark intensity. In addition to it, analysis based on 
optical photographs has also been performed. 
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1. INTRODUCTION 
 
Nd: YAG lasers have unique ability to 
deliver a stable, high intensity source of 
light of small spot diameter, which is the 
best choice for laser marking. Laser 
marking is essentially a thermal process 
that employs a high intensity beam of 
focused laser light to create a 
contrasting mark on the material 
surface. Nd: YAG lasers produce high 
peak power, which is major requirement 
to mark different engineering materials. 
Nd: YAG laser marking has great 
potential in diverse range of applications 
i.e., electronics components, automotive 
products, medical implants and surgical 
instruments, etc. Laser marking is non-
contact process [1], best and most 
applied technique to make permanent 
marks on a wide range of materials, 
which is indeed used to identify [2] and 
trace products in a production line, but 
also during its entire lifetime. 
Alphanumeric, graphics, logos, 
barcodes and even bitmaps can be 
marked. Laser marking can be used for 

showing production information like 
barcodes manufacturer’s name, model 
number [3, 4], imprinting complex logos. 
Laser marking provides an elegant 
solution when a clean, fast, non-contact 
marking process is required to produce 
an indelible high-quality mark. Laser 
marking offers many advantages 
compared with conventional marking 
methods, such as no wear on tools, 
sharp, high quality markings, low 
operating cost, non-contact and high 
degree of automation [5, 6]. Moreover 
the key features like high peak power, 
unique ability to deliver a stable, high 
intensity source of light of small spot 
diameter makes it a best choice for laser 
marking on different engineering 
materials. Lehmuskero et al.  [7] used 
pulsed YLP fiber laser to mark on AISI 
304L stainless steel grade and obtained 
different colours by varying the process 
parameter of laser scanning speed and 
the line spacing between the marks. 
Leone et al.  [8] carried out laser 
marking tests on AISI 304 steel, using a 
Q-switched diode pumped Nd: YAG 
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laser to determine the correlation 
occurring between working parameters 
and mark visibility. Peligrad et al. [9] 
described two dynamic models relating 
processing parameters and melt pool 
width during laser marking of clay tiles 
using a high-power diode laser. Dascalu 
et al. [10] used Nd: YAG laser at 
fundamental and second harmonic 
generation and it was moved on the 
piece of material to be faded by a set of 
two computer-controlled scanning 
mirrors, thus producing a fading in the 
irradiated area of the laser beam.  
 
Aluminium is increasingly used in micro 

systems technology such as electrodes 

in biotechnology applications [11]. The 

established approach to the 

manufacture of many of the micro parts 

that incorporate aluminium is either 

electrochemical machining, photo-

lithography using mask projection 

techniques, and/or micro electro- 

discharge machining (EDM). Each of 

these processes has its inherent 

advantages and disadvantages. The 

use of a direct-write approach to laser 

micromachining is seen as an 

economical alternative. The focused 

laser spot therefore becomes the 

machining tool. The precision obtainable 

with this method is determined by a 

combination of the optical properties of 

the laser light emitted from the cavity 

and the optical arrangement used to 

propagate and focus the beam onto the 

workpiece surface. It has been found 

that very few works have been done on 

aluminium, hence it a growing need to 

analyze marking done on aluminium. 

This paper analyses the influence of the 

major laser process parameters like 

pulse repetition rate, lamp current, and 

scanning speed on the marking 

characteristics i.e., mark width, mark 

depth and mark intensity. 

 
2. EXPERIMENTAL SET UP FOR Nd: 
YAG LASER MARKING 
 
Experiments were conducted by using 
CNC controlled laser machine which 
employs pulsed Nd: YAG laser with a 
wavelength of 1064 nm with a TEM00 
mode of operation. The laser beam was 
focused with a lens of 50 mm having a 
spot size of 0.1mm. The work piece was 
held in a fixture over the X-Y table. The 
work piece was monitored with the help 
of CCD camera. A CCTV was used to 
view the work piece in order to set the 
focal length so as to focus the beam 
accurately for proper machining. 
Experiments were performed with the 
aid of compressed air. Fig.1 shows the 
schematic representation of CNC 
controlled pulsed Nd: YAG laser system. 
 

 
Fig. 1 Schematic representation of CNC 
controlled pulsed Nd: YAG laser system 
 
The material used for the experimental 
purpose was aluminium. Regular 
geometric shapes were created with a 
help of Coreldraw 5.0 software. It was 
then interfaced by Multisaw software for 
the movement of CNC X-Y table. 
Regular geometric shapes were marked 
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under different marking parameters. The 
profiles were tested and measured 
using Olympus micrometer.  
 
3. ANALYSIS BASED ON 
EXPERIMENTAL RESULTS 
 
Based on the trial experiments, the 
range and combinations of input 
process parameters are selected, the 
effects of different process parameters 
like the pulse frequency, lamp current 
and scanning speed on responses like 
the mark width, mark depth, and mark 
intensity during laser marking have been 
analyzed. 
 

3.1 Effect of Pulse Frequency 
 
Pulse frequency is one of important 
parameter, which influences the marking 
characteristics. Fig.2 shows the effect of 
pulse repetition rate on the mark width 
for different lamp current and by keeping 
all other laser processing parameters 
constant as scanning speed as 15 
mm/s, pulse width as 3 % and air 
pressure of 1.5 kgf/cm2. When the pulse 
frequency increases the mark width 
decreases, but shows an increasing 
trend with the raise in lamp current. 
When the pulse frequency is increased, 
the peak power delivered is not 
sufficient enough to remove more 
material and thus results in a narrow 
width. The relation between peak power 
and the average power is given by the 
following equation. 
 
Peak Power (Ppeak)= Average Power 
(Pavg)/ [Pulse Frequency (f) x Pulse 
Duration (µ)] 
                                       (1) 
Mark width depends on the focused spot 
size. Increase in the pulse frequency, 
the spot size decreases which lead to 

finer marking, which is clearly seen from 
the figure.  

 
Fig. 2 Variation of mark width with pulse 

frequency 
 
The effect of pulse frequency on the 
mark depth is studied from the Fig.3 by 
keeping all other parameters as 
constant as above. With the variation of 
the pulse frequency, the mark depth 
shows a slight increase and when the 
pulse frequency is increased further, it 
shows a small decrease. It is also found 
that the mark depth increases gradually 
for lower values and rapidly for the 
higher values of pulse frequency. This is 
due the fact that as the lamp current 
increases the laser power supplied to 
the work piece also increases which 
ultimately increases the depth of the 
mark. 
 

 
Fig. 3 Variation of mark depth with pulse 

frequency 
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The change in the mark intensity with 
the variation of pulse frequency is seen 
from Fig. 4. With the increase in the 
pulse frequency, there is an increase in 
the mark intensity. As the pulse 
frequency increases the power reaching 
the work piece is less and hence there 
is redeposition of the evaporated 
material on the surface which leads to 
the increase in the mark intensity. Also 
with the increase in the lamp current, it 
is observed that there is an increase in 
the mark intensity. 
 

 
Fig. 4 Variation of mark intensity with 

pulse frequency 
 
3.2 Effect of Lamp Current  
 
The lamp current is one of the measures 

of the power or energy of the laser 

beam to heat and remove the material. 

So with the increase in lamp current 

there is an increase the laser power 

output. Fig.5 shows the variation of 

mark width for different lamp current 

with the variation of the pulse frequency 

by keeping other laser marking 

parameters constant as scanning speed 

as 15 mm/s, pulse width as 3 % and air 

pressure of 1.5 kgf/cm2. From the figure 

it can be seen that as the lamp current 

increases the mark width increases. 

When the lamp current is raised, the 

energy delivered by the laser beam also 

increases, which is the major factor for 

the increase in the mark width. 

 
Fig.5 Variation of mark width with lamp 

current 
 
The influence of lamp current on the 
mark depth can be analyzed from Fig. 6 
with the variation of the pulse frequency 
at constant scanning speed of 15 mm/s. 
With the increase of lamp current the 
mark depth increases. As the lamp 
current is raised, the laser beam 
intensity also increases which causes 
more material removal thereby resulting 
in more mark depth. Further the energy 
of the laser beam also increases which 
results in more melting and vaporization 
of the material from the focused surface. 
 

 
Fig. 6 Variation of mark depth with lamp 

current 
 

The effect of lamp current on the mark 
intensity is studied from Fig.7 with the 
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variation of pulse frequency. From the 
figure, it is seen that the mark intensity 
increases with the increase in the lamp 
current for low frequency, but shows a 
slight decrease with the increase in the 
pulse frequency. Even though the lamp 
current is more, with the increase in the 
pulse frequency mark intensity 
decreases.  
 

 
Fig. 7 Variation of mark intensity with 

lamp current 
 
3.3 Effect of Scanning Speed 
 
In laser marking, the scanning speed is 
other important process parameters. For 
deep marking, each point on the marked 
line will require exposure to several 
pulses to achieve depth. The influence 
of scanning speed on the mark width 
can be analyzed from Fig. 8 by keeping 
other parameters like the lamp current 
as 20 A, pulse width as 3% and air 
pressure as 1.3 kgf/cm2. The mark width 
decreases more steeply for low values 
of pulse frequency with the increase of 
the scanning speed. As the scan speed 
increases the duration of laser delivered 
per unit spot area is reduced which 
leads to less energy transfer and finally 
marked line width reduces due to less 
amount of material removal. It is also 

found that there is a gradual decrease 
with the increase in pulse frequency. 
 
Fig. 9 illustrates the effect of scanning 
speed on the mark depth by varying the 
pulse frequency at constant lamp 
current of 21A. From the graph it is 
clearly understood that the mark depth 
decreases drastically for lower values of 
pulse frequency but increases gradually 
for the higher values. At low scanning 
speed the time available for the material 
removal is more, which aids in more 
depth. As laser interaction time plays a 
major role, it affects the mark depth, 
which finally has an effect in the mark 
quality. 
 

 
Fig. 8 Variation of mark width with 

scanning speed 
 

 
Fig. 9 Variation of mark depth with 

scanning speed  
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The effect of scanning speed on the 
mark intensity is studied from the Fig. 10 
with the change in the pulse frequency. 
It is observed that there is an increase in 
the mark intensity when the scanning 
speed is increased for low values of 
pulse frequency and decreases when 
the pulse frequency is high. As the 
scanning speed is increased the time 
available for the laser at a spot is less 
which causes incomplete evaporation of 
the material thereby leading to more 
mark intensity. 
 

 
Fig. 10 Variation of mark intensity with 

scanning speed  
 
4. ANALYSIS BASED ON 
PHOTOGRAPHS 
 
Laser marking characteristics at 

different parametric setting are analyzed 

form the various figures, which are 

exhibited in Fig.11(a)-(f).  The optical 

photographs were taken with OLYMPUS 

STM 6 microscope with the 

magnification of 10X. The figures (a) - 

(b) are marked at increasing pulse 

frequency from 1000 Hz to 3000 Hz by 

keeping all process parameters constant 

as lamp current 21A, pulse width 3% 

and air pressure of 1.5 kgf/cm2. It is 

seen that the mark width decreases with 

the increase in the pulse frequency and 

the mark intensity increases with the 

increase in the pulse frequency. From 

the Fig.11(c)-(d), it is observed that 

there is a reduction in the mark width 

when the scanning speed is increased 

from 10 mm/s to 20 mm/s by 

maintaining all other process 

parameters constant. Also there is an 

increase in the mark intensity with the 

increase in the scanning speed. It is 

observed that the marking is continuous 

for low scanning speed but it is 

discontinuous for high scanning speed 

due to the non-availability of laser at that 

spot to vaporize the material. Fig.11(e)-

(f) shows the transverse section of the 

laser mark from which the mark depth 

can be seen. It is observed that there is 

an increase in the depth when the lamp 

current is increased from 20 A to 23. 
 

 

(a) Pulse frequency- 1000 Hz 
 

 

(b) Pulse frequency- 3000 Hz 
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(c) Scanning speed- 10 mm/s 

 
(d) Scanning speed- 20 mm/s 

 

 
(e) Lamp current- 20 A 

 

 
(f) Lamp current- 23 A 

 

Fig.11(a-f) Optical photographs of 
marking at different setting of lamp 
current and scanning speed pulse 

frequency, by keeping pulse width as 
3% and air pressure as 1.3 kgf/cm2 

 
 
 
 

5. CONCLUSIONS 
 
Laser marking is an effective alternate 
permanent marking process, which 
offers greater flexibility. The present 
experimental investigation shows the 
influence and dependence of laser 
marking process parameters like lamp 
current, pulse frequency and laser 
scanning speed for effective laser 
marking criteria i.e. laser mark width and 
mark depth on the Nd: YAG laser 
marking on aluminium. It can be 
concluded from the present analysis that 
high pulse frequency and low lamp 
current has more effect to achieve 
minimum laser mark width compared to 
other process parameters. It can be also 
concluded that scanning speed also 
plays a major role in the mark depth as 
low scanning speed aids to achieve 
greater mark depth. Moreover, high 
pulse frequency and high scanning 
speed has a predominant effect on the 
mark intensity. In addition to it, the 
optical photographs, which are 
exhibited, also prove the analyses on 
the aluminium. 
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