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(57) ABSTRACT 

An apparatus for performing laser-induced breakdown spec 
troscopy comprises a handheld unit with a pump laser and a 
controller. A combination of a solid laser medium and a 
Q-switch receive a laser beam from Saidpump laser. Focusing 
optics focus laser pulses from said combination to a focal spot 
at a sample. Light collection optics collect light from plasma 
induced of sample material by focused laser pulses. A spec 
trometer receives collected light and produces information 
describing its spectral distribution. A power source delivers 
electric power to other parts of the apparatus. The pump laser, 
combination, focusing optics, light collection optics, spec 
trometer and power source are parts of said handheld unit. 
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PRACTICAL LASER INDUCED 
BREAKDOWN SPECTROSCOPY UNIT 

TECHNICAL FIELD 

0001. The invention concerns in general the technology of 
laser-induced breakdown spectroscopy. In particular the 
invention concerns the structure of an apparatus built for 
laser-induced breakdown spectroscopy measurements. 

BACKGROUND OF THE INVENTION 

0002 For various applications, methods are needed for 
determining the material constitution of a sample. One of 
known methods is laser-induced breakdown spectroscopy 
(LIBS), which involves focusing a laser beam onto a surface 
of the sample with a high enough power density to transform 
a small part of the sample material into a state of plasma. 
Optical emissions from the plasma plume are collected with 
light collection optics, and the spectral distribution (i.e. inten 
sity as a function of wavelength) of the collected optical 
emissions is analysed in a spectrometer that produces infor 
mation in electronic form describing the spectral distribution. 
Since atomic and molecular constituents of sample materials 
have characteristic optical emission spectra, the information 
produced by the spectrometer forms a kind of a fingerprint of 
the sample material, revealing the constituents of that part of 
the sample onto which the laser beam was focused. 
0003. The sample may in principle be solid, liquid or 
gaseous. In the case of a gaseous sample the concept of a 
“surface of the sample does not exist, but the laser beam is 
just focused into the gaseous sample. 
0004 LIBS is sometimes also referred to as OES (optical 
emission spectroscopy), although to be quite exact, the latter 
is a somewhat wider term and may be understood to coverall 
kinds of optical emission measurements, irrespective of the 
mechanism that was used to generate the optical emissions. 
0005 Prior art publications that describe LIBS measure 
ments are at least U.S. Pat. No. 5,583,634 and U.S. Pat. No. 
6,801,595, of which the latter describes the combination of a 
LIBS measurement with an XRF (X-ray fluorescence) mea 
Surement in the same measurement apparatus. A drawback of 
the known LIBS measurement devices is certain clumsiness 
and limited applicability to field use. Traditionally LIBS has 
been considered to be applicable under laboratory conditions 
only. 
0006 An objective of the present invention is to present a 
LIBS measurement arrangement and devices that are practi 
cal to handle and applicable to field use. Another objective of 
the invention is to enable LIBS measurements of sample 
forms and locations that would be difficult or impossible to 
reach with conventional LIBS measurement devices. 

0007. The objectives of the invention are achieved by 
including all essential components of a LIBS measuring 
arrangement into a single hand-held unit. Certain further 
objectives of the invention are easiest to reach by using a 
passive probe that contains the so-called Q-switch, focusing 
optics and light collection optics. 
0008. An apparatus according to the invention for per 
forming laser-induced breakdown spectroscopy is character 
ised in that it comprises: 

0009 a handheld unit, 
0010 a pump laser with a controller, 
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0011 a combination of a solid laser medium and a 
Q-switch configured to receive a laser beam from said 
pump laser, 

0012 focusing optics configured to focus laser pulses 
from said combination to a sample, 

0013 light collection optics configured to collect light 
from plasma induced of sample material by focused 
laser pulses, 

0.014 a spectrometer configured to receive collected 
light from said light collection optics and to produce 
information describing a spectral distribution of Such 
light, and 

0.015 a power source configured to deliver electric 
power to other parts of the apparatus; 

wherein said pump laser, said combination, said focusing 
optics, said light collection optics, said spectrometer and said 
power source are parts of said handheld unit. 
0016. The exceptionally high power density that is needed 
to create plasma is reached by Q-switching, most typically 
passive Q-switching. It involves using a piece of optical gain 
medium in connection with a saturable absorber, also known 
as the passive Q-switch. A saturation effect in the absorber 
leads to a rapid reduction of resonator loss, so that energy 
temporarily stored in the gain medium is instantaneously 
extracted in the form of a laser pulse. The cycle of storing and 
releasing energy is repeated at a rate determined by the pump 
ing power and the characteristics of the saturable absorber. 
0017 Passively Q-switched pulse lasers have been con 
sidered to only be suitable to benchtop analysers, because 
their energy consumption has been relatively high. However, 
in the course of the development work leading to the present 
invention it was found that certain means may be applied to 
significantly reduce the energy consumption. Using Nd:YLF 
(Neodymium (3+)-doped Yttrium Lithium Fluoride) as the 
active (gain) medium leads to better efficiency, higher pulse 
energy and shorter pulse duration, which means that in order 
to create the same amount of plasma, the electric power 
needed for the pump laser can be Smaller than with e.g. a 
corresponding Nd:YAG (Neodymium (3+)-doped Yttrium 
Aluminum Garnet) gain medium. Wavelength locking can be 
used to stabilize the output wavelength of the laser diode, 
which Substantially eliminates temperature-dependent wave 
length drift. This way the power-intensive active temperature 
control of the pump laser can be completely avoided or at least 
limited to only compensating for the largest deviations from 
a nominal operating temperature. 
0018. The (passive) Q-switch, focusing optics and light 
collection optics may be placed in a separate probe part, with 
an optical fiber cable connecting it to a main part of the 
measurement device. Such a separate probe part may be very 
sleek in appearance, so that samples and locations that would 
be impossible or inconvenient to reach with the whole hand 
held measurement apparatus can still be reached with the 
probe. 
0019. The exemplary embodiments of the invention pre 
sented in this document are not to be interpreted to pose 
limitations to the applicability of the appended claims. The 
verb “to comprise' is used in this document as an open limi 
tation that does not exclude the existence of also unrecited 
features. The features recited in depending claims are mutu 
ally freely combinable unless otherwise explicitly stated. 
0020. The novel features which are considered as charac 
teristic of the invention are set forth in particular in the 
appended claims. The invention itself, however, both as to its 
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construction and its method of operation, together with addi 
tional objects and advantages thereof, will be best understood 
from the following description of specific embodiments when 
read in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0021 FIG. 1 illustrates schematically a measurement 
apparatus according to an embodiment of the invention, 
0022 FIG. 2 illustrates schematically a measurement 
apparatus according to another embodiment of the invention, 
0023 FIG. 3 illustrates schematically a measurement 
apparatus according to yet another embodiment of the inven 
tion, and 
0024 FIG. 4 illustrates schematically some optical 
aspects of a measurement apparatus according to an embodi 
ment of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0025 FIG. 1 illustrates schematically a handheld unit 101, 
which has a size and shape that enable a human user to easily 
carry it along in the purpose of making LIBS measurements. 
Inside the handheld unit 101 is a pump laser 102, which here 
is schematically shown as a laser diode. A controller 103 is 
arranged to control the operation of the pump laser 102. An 
optical fiber 104 conducts the laser light emitted by the pump 
laser 102 to a combination of a solid laser medium 105 and a 
Q-switch 106, which is typically a passive Q-switch but may 
also be an active one. Together the solid laser medium 105 and 
the Q-switch constitute a Q-switched pulse laser, the output 
pulses of which are directed through an outcoupling mirror 
107 and focusing optics 108 towards a sample (not shown). 
0026. A person skilled in the art understands that the linear 
arrangement of the Q-switched pulse laser, which is sche 
matically illustrated in FIG. 1, is not the only possible alter 
native. A linear arrangement means here that the output laser 
pulses are emitted along a line that geometrically is a direct 
extension of the line along which the pump laser radiation is 
directed to the solid laser medium 105. Other geometrical 
arrangements include, but are not limited to, one in which the 
pump laser radiation comes through an obliquely placed one 
way mirror and the other end of the cavity of the Q-switched 
pulse laser is 100% reflective, so that the output pulses are 
reflected to an angle by said obliquely placed one-way mirror. 
0027 Optical emissions from a sample (not shown) are 
collected through collecting optics 109 and conveyed through 
an optical fiber 110 to a spectrometer 111, which produces 
information in electronic form describing the spectral distri 
bution of the optical emissions. This information is forwarded 
to the controller 103, which processes and stores the infor 
mation and may provide visual indications illustrative of said 
information on a display 112. In addition to the display 112, 
the user interface of the apparatus may comprise various 
switches, of which a trigger switch 113 is schematically 
shown. The operating power needed to operate the apparatus 
comes from a power Source 114, which may be e.g. a 
rechargeable battery or a fuel cell. 
0028. The apparatus of FIG. 1 should be designed to have 
good efficiency, one criterion of which is the ratio of output 
pulse power to the power used to operate the pump laser. It is 
possible to use Nd:YAG (Neodymium (3+)-doped Yttrium 
Aluminum Garnet) as the solid laser medium 105, but better 
efficiency results if Nd:YLF (Neodymium (3+)-doped 
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Yttrium Lithium Fluoride) is used instead. The invention does 
not exclude the use of other kinds of solid laser media, espe 
cially if other materials are found that provide an even higher 
efficiency. Taken that the Q-switch 106 is a passive Q-switch, 
it may be made e.g. of Cr:YAG (Chromium (4+)-doped 
Yttrium Aluminum Garnet) or other material suitable for use 
as a Saturable absorber. If an active Q-switch is used, any 
applicable technology Such as acousto-optic or electro-optic 
modulation is possible. 
0029. In the absence of any compensating action the out 
put wavelength of the laser diode that is used as the pump 
laser in FIG. 1 would exhibit a relatively strong dependency 
on temperature (typically in the order of 0.3 nm/K). Laser 
diodes are not lossless, which means that during operation 
their temperature tends to increase. Traditionally a LIBS 
apparatus has included active temperature control functions 
to stabilize the temperature of the pump laser. However, using 
a peltier element or the like to actively keep a laser diode at a 
constant temperature consumes relatively high amounts of 
power, especially because the efficiency of known peltier 
elements is modest. 
0030 The spectral line width of typical laser diodes is in 
the order of 2-4 nm, which is somewhat too wide because the 
width of the absorption peak in the solid laser medium is 
narrower, in the order of 0.8-2 nm, and all emissions of the 
pump laser that do not come on the absorption wavelengths 
represent a waste of energy. 
0031. According to an aspect of the present invention, 
using a wavelength locking system, which helps to keep the 
output wavelength constant irrespective of changes in tem 
perature, may enhance the overall efficiency of the system. In 
many cases the wavelength locking system may double as 
means for narrowing the output spectral line width of the laser 
diode, which provides a further increase in efficiency. The 
wavelength locking and spectral line narrowing system is 
schematically represented in FIG. 1 as the element 115, 
which is a wavelength-selective device positioned in the opti 
cal path of the laser beam that feeds a narrow portion of the 
laser emission back into the cavity of the pump laser 102. 
Devices of this kind are known for example from the publi 
cation B. L. Volodin, S. V. Dolgy, E. D. Melnik, E. Downs, J. 
Shaw, and V. S. Ban: “Wavelength stabilization and spectrum 
narrowing of high-power multimode laser diodes and arrays 
by use of volume Bragg gratings'. Optics Letters, Vol. 29, No. 
16, pp. 1891-1893, Optical Society of America, Aug. 15, 
2004. Other known wavelength-locking systems are the so 
called Fabry-Perot filters. 
0032. The invention does not exclude the use of an active 
temperature control arrangement, and indeed one is sche 
matically shown as element 116 in FIG. 1. However, due to 
the use of a wavelength locking and spectral line narrowing 
system, the active temperature control arrangement does not 
need to keep the temperature of the pump laser 102 within as 
tight limits as in conventional LIBS devices. One possibility 
is to only Switch on the active temperature control arrange 
ment if the temperature of the pump laser would otherwise 
exceed a maximum operating temperature, like +50° C. An 
indication of said wavelength locking and spectral line nar 
rowing system not being able to keep said output wavelength 
constant without additional thermal control could come e.g. 
from a temperature sensor (not shown) that keeps the control 
ler 103 aware of the current operating conditions. 
0033 FIG. 2 illustrates schematically a measurement 
apparatus according to another embodiment of the invention. 
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The handheld unit comprises a body part 201 and a probe part 
202. A cable 203 couples the probe part 202 to the body part 
201. The body part 201 comprises a pump laser 204 equipped 
with a wavelength locking system 205, which may also have 
the function of narrowing the output spectral line width of the 
pump laser 204. Additionally the body part 201 comprises a 
spectrometer 206, a controller 207, a power source 208, and a 
user interface which here is schematically shown to comprise 
a display 209 and keys 210. Although FIG. 2 does not show 
any temperature controlling arrangement in the body part 201 
for controlling the temperature of the pump laser 204, one 
may naturally exist. 
0034. The probe part 202 comprises a Q-switched pulse 
laser that comprises a combination of a Solid laser medium 
211 and a Q-switch 212 and that is equipped with an outcou 
pling mirror 213. Additionally the probe part 202 comprises 
focusing optics 214 and light collection optics 215. The probe 
part 202 may be a completely passive device, if a passively 
Q-switched pulse laser is used. Thus the cable 203 does not 
need to include any wires that would conduct electricity. On 
the other hand, the invention does not exclude using in the 
probe part active components or other devices that need elec 
tric current, like indicator LEDs or electrically controllable 
shutters. In such cases it is most straightforward to use wires 
that form a part of the cable 203 to conduct electricity 
between the probe part and the body part. 
0035. As a part of the cable 203, a first optical fiber cable 
216 is configured to convey laser light from the pump laser 
204 in the body part 201 to the combination of solid laser 
medium 211 and Q-switch 212 in the probe part 202. A return 
optical fiber cable 217 in the cable 203 is configured to convey 
collected light from the light collection optics 215 in the 
probe part 202 to the spectrometer 206 in the body part 201. 
Here the light collection optics 215 have been distributed 
around the focusing optics 214, for which reason the return 
optical fiber cable 217 has several branches in that end that is 
inside the probe part 202. 
0036. The body part 201 may comprise e.g. a shoulder 
strap or other means for making it easy to carry the body part 
along. The probe part 202 has a size and shape that make it 
easy to hold the probe part 202 in one hand and to place the 
business end thereof against a sample to be measured. 
According to another embodiment, the body part 201 com 
prises a holder (not shown) for removably attaching the probe 
part 202 to the body part 201, so that the user may decide, 
whether he keeps the probe part attached to the body part 201 
and uses the combination as the entity that is brought close 
enough to the sample to make the measurement, or whether 
he detaches the probe part and only brings the probe part close 
enough to the sample to make the measurement. 
0037 Creating a protective gas atmosphere around the 
measurement area can in many cases enhance the perfor 
mance of LIBS measurements. This is especially true if the 
sample constituents include carbon and/or other materials 
that react very actively with oxygen and/or nitrogen when 
they are in the state of plasma. Since an objective in using a 
protective gas atmosphere is to restrain reactions, inert 
(noble) gases are very suitable for this purpose. 
0038. In order not to sacrifice the portability of the appa 
ratus, it is advantageous to build a gas administration Sub 
system that it contains a relatively small gas container 
included in or attachable to the handheld unit, a conduit for 
allowing gas from said gas container to flow to the measure 
ment area, and a controllable valve for regulating the amount 
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of gas to be administered. Said controllable valve may func 
tion under the same controller that receives the user's operat 
ing commands through the user interface, and also controls 
the operation of the pump laser. 
0039 FIG. 3 illustrates schematically a measurement 
device according to an embodiment of the invention, in which 
a gas administration Subsystem exists. Parts with the same 
reference designators are similar to the corresponding parts in 
FIG. 2, with the small exception that the return optical fiber 
cable 217 is only shown to have one branch within the probe 
part 302. The body part 301 comprises a gas container 310, 
which may be e.g. a refillable container or a removable, 
disposable gas cartridge. A controllable valve 311 regulates 
the flow of gas from the gas container 310 through a conduit 
312, which constitutes a part of the cable 303, to the business 
end of the probe part 302. When a user gives through the keys 
210 or other input means a command for beginning a mea 
surement, the controller 207 begins a sequence in which it 
first allows gas from the gas container 310 to flow to the 
measurement area for a pre-programmed duration of time and 
then begins the actual measurement. If the cable between the 
body part and the probe part contains wires or other means for 
passing control signals and operating power, a controllable 
valve may also exist in the probe part. 
0040. It is clear to a person skilled in the art that a gas 
administration Subsystem can be built also in a handheld 
measurement apparatus that does not have a separate probe 
part but has all functionalities built within a single entity. 
0041 FIG. 4 illustrates certain optical aspects of a mea 
Surement apparatus according to an embodiment of the inven 
tion. The laser source 401 is a Q-switched pulse laser. Instead 
of a single laser Source it is possible to use two or more laser 
Sources producing laser light on different wavelengths, or a 
single laser Source and one or more nonlinear optical crystals 
such as Potassium Titanyl Phosphate (KTP) crystals and 
appropriate timing, to vary the way in which the optical 
stimulus is provided to the sample. With frequency multipli 
ers it is possible to change the initial infrared range wave 
length of the plasma-inducing laser light to e.g. one half or 
one quarter of the original wavelength. 
0042. Focusing optics 402 may include, in a way very well 
known as such, optical elements such as lenses, mirrors, slits, 
grids, collimators and the like. The task of the focusing optics 
402 is to focus the output beam of the laser source 401 onto 
the Surface of a sample. Relatively gentle changes in beam 
diameter, synonymous with relatively long focal length, are 
preferred because measurement apparatuses of the kind 
meant in the invention are frequently used in field conditions, 
where it is not possible to require very exact positioning of the 
sample in relation to the measurement head. A long focal 
length helps to reduce the effect of variations in measurement 
geometry. However, even if in this context the focallength can 
be said to be long if it allows an uncertainty of submillimeter 
scale in sample positioning, it should be understood that in a 
macroscopic scale (at distances larger than a few millimeters) 
and from the point of view of a user operating the measure 
ment apparatus, the plasma-inducing laser diverges so 
quickly and has such a harmless wavelength that radiation 
hazards to the environment are negligible. Due to the 
expected difficulties in positioning the sample very exactly 
we may define that the focal spot is "on the surface of the 
sample' if it is close enough to the Surface (in- or outside the 
sample material) to allow the formation of plasma. 
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0043. According to an aspect of the invention there is 
provided a focal spot mover 403, the task of which is to move 
the focal spot of the plasma-inducing laser beam across the 
Surface of a sample for a distance that is large compared with 
the diameter of the focal spot. The purpose of moving the 
focal spot is to cover a more representative portion of the 
sample material than what happens to be within the area of the 
focal spot. Additionally moving the focal spot prevents 
repeated laser pulses from eating away the Surface of the 
sample material at one point. Although the size of the “drill 
ing hole' created by a stationary focal spot would be so small 
that it would seldom be even visible, let alone cause any actual 
disadvantage, the drilling effect may involve other drawbacks 
for example in applications where the measurement is aimed 
at investigating the very Surface of a sample the material 
composition of which varies as a function of depth. 
0044. Due to the very short duration of each single laser 
pulse, the movement of the focal spot during a single pulse is 
negligible and can be omitted. However, when pulses are 
repeated for a measurement duration in the order of a few 
seconds, even a relatively simple focal spot mover arrange 
ment is capable of making the focal spot traverse a significant 
distance, in the order of one millimeter or a few millimeters. 
The physical implementation of the focal spot mover 403 may 
involve e.g. an electrically moved mirror or a rotating lens. 
The movement of the focal spot on the sample surface may be 
oscillatory, so that it travels e.g. a linear track back and forth 
or along a circular or elliptical track. The electric power 
needed to operate the focal spot mover comes from the power 
Subsystem of the measurement apparatus and the moving is 
accomplished under the control of the controller. It may be 
advisable to allow the user to have some online control over 
the way in which the focal spot is moved, especially if the 
sample to be investigated is so Small or heterogeneous that 
moving the focal spot might involve the risk of making it 
wander out of the actual area of interest. Such control is most 
advantageously combined with the aiming aid discussed in 
more detail below. 

0045 Sensor optics 411 are provided for collecting optical 
emissions from a plasma plume induced at the focal spot and 
for directing the collected optical emissions to the optical 
sensor 412. In their simplest form the sensor optics 411 con 
sist of a free passage of light between the sample Surface and 
the sensor 412. More elaborate solutions may include for 
example lenses, mirrors, light guides and other optical ele 
ments. In order to keep reflected quanta of the incident laser 
radiation from interfering with the detection of optical emis 
sions it is advantageous to use an infrared filter as a part of the 
sensor optics 411. A normal Nd:YAG microlaser produces 
incident radiation at the wavelength of about 1060 nm, which 
is in the infrared range, so it is effectively filtered out by an 
infrared filter. 

0046. The sensor 412 detects the optical emissions col 
lected by the sensor optics 411. In order to provide meaning 
ful results the sensor 412 must be sensitive to wavelength and 
intensity. However, these requirements are relatively easily 
filled. A line of photodiodes, similar to those used in regular 
barcode scanners, is often Sufficient. In this graphical repre 
sentation, the sensor 412 is separate from the spectrometer 
413; in FIGS. 1, 2, and 3 the combination has been illustrated 
schematically with a single block called the spectrometer. 
Together, the sensor 412 and the spectrometer 413 constitute 
an arrangement adapted to convert the collected optical emis 
sions into an electronic signal representative of the spectral 
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distribution and intensity of the optical emissions. If a focal 
point mover is used to move the focal spot of the plasma 
inducing laser, the detection process must be adapted to take 
into account the corresponding changes in measurement 
geometry. This can be easily accomplished for example by 
using the movable mirror that causes the focal spot to move 
also as a part of the sensor optics 411. 
0047 According to an aspect of the invention, the mea 
Surement apparatus comprises an optical aiming aid adapted 
to provide the user with visual feedback about the location on 
the sample surface that will be subjected to measurement. An 
image of the appropriate part of the sample surface is con 
ducted through aiming aid optics 421 and a light guide 422 to 
a display or ocular 423, which we will designate as the display 
device. In order to ensure Sufficient lighting of the sample it is 
advisable to provide lighting means 424, from which light can 
be taken through the light guide 422 and aiming aid optics 421 
to the target area on the sample Surface. 
0048. According to a first alternative, the lighting means 
424 produce ageneral background lighting in order to provide 
a Sufficiently bright image of the target area on the sample 
Surface to the display device. Other aiming means, such as 
frames and/or crosshairs, can then be used to indicate, exactly 
which point on the sample surface the laser beam from the 
laser source 401 will hit. 

0049 According to another alternative, the lighting means 
424 may comprise another laser source, which in contrast to 
the plasma-inducing laser source 401 is adapted to produce a 
laser beam in the visible wavelength range. This visible laser 
beam can be focused through the light guide 422 and the 
aiming aid optics 421 onto the sample Surface, where its 
reflection constitutes a visible indicator spot that shows, 
which point on the sample surface the laser beam from the 
laser source 401 will hit. In order to keep the indicator laser 
from interfering with the optical measurement it is advisable 
to make its operation controllable so that it will be shut off 
during the optical measurement. Alternatively filtering 
arrangements can be utilized. 
0050. The light guide 422, the aiming aid optics 421, the 
focusing optics 402 and the focal spot mover 403 may include 
shared components. For example, also the visible laser beam 
originating from the lighting means 424 may be directed 
through the focal spot mover 403 in order to move the indi 
cator spot on the sample Surface in a manner that is similar to 
the movement of the focal spot of the plasma-inducing laser 
beam. This way the user can easily check, in the case of a very 
Small or very heterogeneous sample, that the movement of the 
focal spot will not take it outside the area of interest. If the 
movement caused by the focal spot mover 403 is controllable, 
the user may first check it by using the indicator spot and by 
changing e.g. the extent or direction of linear movement or the 
radius of a circular movement so that only an appropriate 
target area of the sample surface will be covered by the 
movement of the focal spot. Controlling the movement 
caused by the focal spot mover 403 necessitates movement 
controlling input means in the user interface of the measure 
ment apparatus, as well as a coupling from these to a part of 
the control subsystem that actually controls the focal spot 
mover 403. 

0051. The embodiments of the invention that have been 
described above are exemplary and do not limit the interpre 
tation of the appended claims. 
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1. An apparatus for performing laser-induced breakdown 
spectroscopy, comprising: 

a handheld unit, 
a pump laser with a controller, 
a wavelength locking system configured to keep an output 

wavelength of said pump laser essentially constant irre 
spective of temperature of said pump laser. 

a combination of a solid laser medium and a Q-switch 
configured to receive a laser beam from said pump laser, 

focusing optics configured to focus laser pulses from said 
combination to a focal spot at a sample, 

light collection optics configured to collect light from 
plasma induced of sample material by focused laser 
pulses, 

a spectrometer configured to receive collected light from 
said light collection optics and to produce information 
describing a spectral distribution of Such light, and 

a power source configured to deliver electric power to other 
parts of the apparatus; 

wherein said pump laser, said combination, said focusing 
optics, said light collection optics, said spectrometer and 
said power source are parts of said handheld unit. 

2. An apparatus according to claim 1, wherein said 
Q-switch is a passive Q-switch, and said combination com 
prises said solid laser medium, a saturable absorber and a 
coupling mirror. 

3. An apparatus according to claim 2, wherein said active 
medium comprises Neodymium (3+)-doped Yttrium Alumi 
num Garnet, and the saturable absorber comprises Chromium 
(4+)-doped Yttrium Aluminum Garnet. 

4. An apparatus according to claim 2, wherein said active 
medium comprises Neodymium (3+)-doped Yttrium Lithium 
Fluoride. 

5. (canceled) 
6. An apparatus according to claim 1, comprising an active 

temperature control arrangement configured to regulate a 
temperature of said pump laser. 

7. An apparatus according to claim 6, wherein said active 
temperature control arrangement is configured to actively 
regulate a temperature of said pump laser as a response to an 
indication of said wavelength locking system not being able 
to keep said output wavelength constant without additional 
thermal control. 

8. An apparatus according to claim 1, comprising a probe 
part coupled to a body part of said handheld unit through a 
cable. 

9. An apparatus according to claim 8, wherein: 
said pump laser is located in said body part of said hand 

held unit, and 
said combination, said focusing optics and said light col 

lection optics are located in said probe part. 
10. An apparatus according to claim 9, wherein said cable 

comprises a first optical fiber cable configured to convey laser 
light from said pump laser in said body part to said combina 
tion in said probe part. 

11. An apparatus according to claim 10, wherein said cable 
comprises a return optical fiber cable configured to convey 
collected light from said light collection optics in said probe 
part to said spectrometer in said body part. 

12. An apparatus according to claim 1, comprising a gas 
administration Subsystem configured to controllably deliver 
gas to a space around a focal spot at which said focusing 
optics are configured to focus said laser pulses. 
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13. A measurement apparatus according to claim 1, com 
prising an optical aiming aid adapted to provide a user with 
visual feedback about the location of said focal spot on said 
Surface of said sample. 

14. A measurement apparatus according to claim 13, 
wherein said optical aiming aid comprises: 

a display device and 
aiming aid optics and a light guide adapted to conduct an 

image of a part of the sample Surface to said display 
device. 

15. A measurement apparatus according to claim 14, com 
prising aiming means adapted to indicate on said display 
device at which point on the sample surface the focal spot will 
be. 

16. A measurement apparatus according to claim 14, com 
prising a source of laser light of visible wavelength adapted to 
illuminate a spot on said surface of said sample, said illumi 
nated spot being coincident with said focal spot. 

17. An apparatus for performing laser-induced breakdown 
spectroscopy, comprising: 

a handheld unit, 
a pump laser with a controller, 
an active temperature control arrangement configured to 

regulate a temperature of said pump laser, 
a combination of a solid laser medium and a Q-switch 

configured to receive a laser beam from said pump laser, 
focusing optics configured to focus laser pulses from said 

combination to a focal spot at a sample, 
light collection optics configured to collect light from 

plasma induced of sample material by focused laser 
pulses, 

a spectrometer configured to receive collected light from 
said light collection optics and to produce information 
describing a spectral distribution of such light, and 

a power source configured to deliver electric power to other 
parts of the apparatus; 

wherein said pump laser, said combination, said focusing 
optics, said light collection optics, said spectrometer and 
said power source are parts of said handheld unit. 

18. An apparatus for performing laser-induced breakdown 
spectroscopy, comprising: 

a handheld unit comprising a body part and a probe part 
coupled to said body part through a cable, 

a pump laser with a controller, 
a combination of a solid laser medium and a Q-switch 

configured to receive a laser beam from said pump laser, 
focusing optics configured to focus laser pulses from said 

combination to a focal spot at a sample, 
light collection optics configured to collect light from 

plasma induced of sample material by focused laser 
pulses, 

a spectrometer configured to receive collected light from 
said light collection optics and to produce information 
describing a spectral distribution of such light, and 

a power source configured to deliver electric power to other 
parts of the apparatus; 

wherein said pump laser is located in said body part of said 
handheld unit; and wherein said combination, said 
focusing optics and said light collection optics are 
located in said probe part; 

and wherein said spectrometer and said power source are 
parts of said handheld unit. 
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