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ABSTRACT   

This article reports the construction of a portable, low-cost LIBS (Light Induced Breakdown Spectroscopy) system for 
use in the Bolivian mining industry for the qualitative and quantitative analysis of the composition of mineral samples. 
The device consists of a portable laser, a medium-resolution spectrometer and an optomechanical light collection system. 
The laser developed for the device is a YAG:Nd+++ with an estimated power output of 10 MW/cm2. Weighing 
approximately 3 kg and powered by lithium ion batteries, it is easily carried and can be used in remote locations. The 
spectrometer has a resolution of 0.3 nm allowing the detection fine spectral features, while its range of 80 nm is broad 
enough to simultaneously show many of the principal spectral lines of the element of interest. A monochromatic CCD 
camera was used as the detector of the spectrometer and was fitted with an external trigger to coordinate the camera 
frames with the firing of the laser. The light emitted by the plasma is collected with a photographic objective and is 
transmitted to the spectrometer via a fiber optics cable. A mechanical system was incorporated to make, both the laser 
beam and the receptor positionable. In the preliminary tests of the prototype, a LIBS spectrum of a Bolivian copper coin 
was obtained. Analysis showed that the spectral lines obtained coincide with those of a copper reference spectrum and 
demonstrate the capacity of the device to perform qualitative analysis of materials. 
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1. INTRODUCTION  
LASER, which is the acronym for Light Amplification by Stimulated Emission of Radiation, it’s a light source other 
than conventional ones by its physical properties: it is coherent, which implies mono-chromaticity, frequency stability, 
directionality and the possibility to focus a beam in very small areas getting amazing emission intensities. 

It is because of these characteristics that lasers became a very important tool in different areas, such as medicine, 
telecommunications, industry, civil engineering, scientific research and other areas. The first built laser in the optical 
diapason was designed by T. H. Maiman at Hughes Research Laboratories in 1960, “ruby laser”1, 2. 

Various types of lasers exist based on the material of manufacture. A YAG:Nd+++ type of laser uses doping of 
neodymium ions in yttrium aluminum oxide crystals (Nd:Y3Al5O12) as a solid active medium. The first works in this 
direction were taken by Snitser3 who in 1961 fired the first laser activated with Nd+++ ions. Laser radiation has a 
wavelength of 1064 nm, belonging to near infrared. Typical emission powers of this type of pulsed lasers are of the order 
of MW/cm2 in the mode of Q-switch and of the order of GW/cm2 in synchronization mode of the laser resonator 
modes.4, 5.  

Laser Induced Breakdown Spectroscopy (LIBS) is a spectro-chemical technique which consists in the quantitative 
analysis of the materials composition, regardless of their physical state 6, 7. The laser is a fundamental tool for this 
technology that produces the induced plasma from which information of the material composition is obtained, through its 
atomic emission spectrum, which is caught by an optical system and directed to a spectrometer.  

This methodology for measuring and analyzing samples has several advantages over others: 
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After obtaining the spectrums and perform the calibration, the developed analysis software was used to compare the 
spectrum of a Cu pattern obtained from the LIBS spectra database of the Delaware State University16. A comparison 
between both spectrums showed coincidence in the principal lines of Cu (510.6, 513.3 y 521.8 nm), as well as in other 
secondary lines, showing the presence of Cu in the analyzed sample. It is important to note that the differences in 
intensities between both spectrums are due to differences in the sample and experimental setup. The non linear response 
of the CCD and the energy and duration of the laser pulse, generate these variations in the intensity of the lines and 
background trends.  
 

 
 

Figure 9. Comparison of 10 cent Bolivian coin LIBS spectrum and Cu pattern LIBS spectrum and centavos (482-559nm 
zone) 

 

5. CONCLUSIONS 

A portable, battery powered (Li-ion), Nd:YAG+++ laser (λ=1064 nm) was designed and assembled. The laser had 
an estimated power output of 10 MW/cm2 a weight of 3 kg and external dimensions of 20x24x10 cm. Also, a 
medium resolution (0.3nm) spectrometer was developed, based on a CCD monochromatic camera, reflection 
diffraction grating and commercial optical elements. The spectrometer had a weight of approximately 2 kg and 
external dimensions of 26 x 21 x 11 cm.  

The LIBS system was satisfactorily developed, composed by the developed spectrometer, Nd:YAG+++ laser, and 
the different optical, computational and electronic systems that bond them together. Satisfactory results were 
obtained in the experimentation and validation process, the Cu lines of a Bolivian 10 cent coin where clearly 
identified. These results proved the validity of the system to perform chemical qualitative analysis of solid state 
samples. The whole system weight was of approximately 7 kg, fitting in a case, the developed LIBS system showed 
its portability for its future application in the field. 

The system is in the first stage of development. The next logical step is the development of quantitative analysis 
methodology. 
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