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INVESTIGATION OF PARAMETERS
OF A Q-SWITCHED LASER PRODUCED
PLASMA USED IN LASER SPECTRAL ANALYSIS

STRBA AU Bratislava, KUFCAKOVA J._2» Liptovsky Mikuldg

laser produced plasmas occurred, electron temperature and electron density have been

orwm:%:mnoa using time integrated spectra of plasma regions that can directly be used in

L INTRODUCTION

Laser spectral analysis (LSA) utilizes the ability of the focused laser radiation
to m<mﬁo.38 a solid sample. LSA is usually used in two variants:
— the direct spectral analysis using the radiation of laser produced plasma as

a spectral emission source for spectrochemical analysis,
— the two-step analysis with the auxiliary excitation by the electric discharge

across the laser plasma.

dﬁ commercial devices for the laboratory use of LSA [1, 2, 3] have been
mum:na to the rapid analysis of the multielement chemical noBvo%:oz of solids
mainly mo.n purposes of the semiquantitative analysis. Most experimental amiowm
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This article deals with the use of the experimental setup built for LSA without
the auxiliary excitation of the laser plasma. The work described here is based on
the investigation of three samples with various chemical composition. Spectro-
scopic diagnostics of a homogeneous zone of the LSA plasma has been used for
the determination of laser plasma parameters.

II. EXPERIMENTAL

The experimental setup built for LSA with directly applied laser plasma
emission and for laser plasma spectroscopis diagnostics is hown in F ig. 1. The
ruby laser TKG 101 (Tesla Vakuova technika, Praha) operating in the system
with a passive Q-switch (a solution of vanadyl phtalocyanine dissolved in
nitrobenzene) was employed to create the laser plasma. The pulse duration was
~40 ns, the energy of a giant pulse ~200mJ with a reproducibility of + 10 %
monitored by the laser pulse relative energy meter EM 10 (VEB Carl Zeiss Jena).

k4

Fig.1. Experimental setup. 1 — ruby laser, 6
2 — He-Ne laser, 3, 4 — mirrors, 5 — beam 1
splitter, 6 — focusing lens, 7— sample, 8 — illu-

minating system of the entrance slit of the

spectrograph, 9 — spectrograph, 10 — laser 10
pulse relative energy meter, 11 — laser plasma.

The laser radiation was focused on samples in three ways:

A) by a microscope lens objective with the focal length f=20mm and the
diameter D = 10mm,

B) by a lens with f= 20mm and D = 20 mm,
C) by a lens with f = 40mm and D = 20 mm.

The conditions of the ruby Jaser beam focusing on samples and the pre-choice
of the sampling region were examined by a He-Ne laser beam.

Irradiances of the focused ruby laser beam were ~ 10" W/cm?.

We used the following samples: a boron ceramic wafer, an aluminium foil
and refined aluminium of 99.9999 % Al.

The laser plasma emission light was relayed to the entrance slit of the
spectrograph ISP 28 (the spectral range of 200-—600 nm) by a single-lens illumi-
nating system. The spectrograph axis was perpendicular to the direction of the
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v:oﬂomamnr.mo Snon&:mo::o_mmon plasma spectra was used. For v:GOwom. of
the qualitative spectral analysis of samples and the Spectroscopic diagnostics of
the laser plasma, the time integrated radiation of the laser plasma homogeneous

zone parallel to the sample surface and about ~ L.5mm above it was inves-
tigated.

IIl. RESULTS

IIL1. Laser spectral analysis

mmn.:u_om with a known chemica] composition were used as calibration stan-
am.:am In order to estimate detection limits of the experimental setup shown in
m_m.. I. Differences in detection limits in the range of 1072—10-39, among
various chemical elements were observed, which were approximately the same

257.51 nm selected of the Al-foil Spectrum the spectral line shapes were disper-

ive. This implied that the Quadratic Stark effect was the dominant mechanism
of the spectral line broadening.

00

Fig. 2. Spectral line profile for the A1 1257.51 nm
line of the Al-foil spectrum, focusing by the lens
with /= 20mm. The rings are experimental
points, the fuil line is the fitted dispersive profi-
le. I represents the relative intensity of the spec- T 04
tral line, 7, its maximum value. AA[A2 5 is the
ratio of the spectral line width and the full width

at half maximum (FWHM). -10 0 10

YN,

>7 os

The measured values of full widths at the half maximum of the spectral lines
(FWHM) AA; for the three samples as well as focusing methods are given in
Tab. 1. 644, are mean-root-square (mrs) errors of these values.

Table 1

Average values of the Al | spectral line widths A4, ; (FWHM) and electron densities n, of the laser

plasma calculated from the quadratic Stark effect broadened spectral lines. Oty 5 Oy, AT€ INTS EITOTS

of the values 44, n, respectively. Laser light focusing methods are denoted in agreement with

section II as follows: A — focusing by the objective, B — by the lens with f = 20 mm, C — by the
lens with f = 40 mm. Refined aluminium of 99.9999 % Al is denoted as Al16N.

focusing Ay s o, n, q,
Saniple method [nm] T.Mm_u fm=3 ?%J
boron A 0.16 0.02 1.9 x 108 0.3 x 10®
ceramic B 0.19 0.03 2.1 x 1028 04 x 102
C 0.22 0.04 2.5 x 10% 0.5 x 102
Al-foil A 0.16 0.02 1.8 x 102 0.1 x 10®
B 0.21 0.01 2.3 x 108 0.1 x 10%
C 0.22 0.02 2.3 x 10% 0.3 x 102
Al 6N A 0.17 0.01 2.0 x 108 0.1 x 108
B 0.21 0.03 2.3 x 102 0.2 x 102
C 0.18 0.01 1.9 x 108 0.1 x 102

The electron densities n, were determind from the spectral lines widths Ay s
according to Griem [6] for the electron temperature of the laser plasma
I, ~ 10°K deduced from the similarity between the spectra of the laser plasma
and those of the electric arc. The spectral line broadening depends on T slightly,
so that we can use the method of the n~determination [6] also when the
temperature 7 is known only approximately.

The values of n, (evaluated by mrs errors o, ) are listed in Tab.2.

The electron temperatures I, of laser plasmas were determined from the
relative intensities ratios of the neutral atom Al Ilines and the ion Al1I spectral
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]
ceramic 14400 WMM
. 14300 520
Al-foil 16 360 570
15400 400
15500 230
] 16300 440
14300 380

15800 %

plasma [7]

L A\evu nh® o , E
Lf 4 e a8a _ ap _L5+E-E,
L) Samiy gy = ew(SEAESE)

where the index ; is valid for the ion, the index a for the neutral Al atom. 1 is
the wavelength of the transition, n,, 1, the electron density and the m_mm:on
85.8.888 respectively, m, the electron mass, f the oscillator strength, g is the
mﬁm:.m:nm_ weight, E; the ionization energy of Al, E E,, the excitation o:m&mnm of
the 5,5 and the neutral atom lines respectively. 4 is m_mno_mm constant, & Boltz-
mann’s constant. The calculated values n, of electron densities (Tab mv and the
spectral line parameters tabulated in [8] enabled us to determine 2.5 electron
temperature. The average values of T, evaluated by the mrs errors Oy are given

02

the range limited by experimental errors) that a radiation of approximately
equal irradiances struck the samples. In spite of different focal lengths and
diameters of the lenses, similar irradiances implied that spherical aberrations (in
the case of the lens with J=20mm), respectively laser diameter limiting (in the
case of the objective) influenced the laser spot size and consequently the possibil-
ity of reaching higher irradiances on sample surfaces.

IV. CONCLUSION

Results reported here demonstrate that the experimental setup described in
section II. can be used for producing laser plasmas suitable for the multielement
spectral analysis without the auxiliary plasma excitation. The laser plasma of the
analytical zone is specified by electron temperatures of ~ 10°K and electron
densities of ~10”m~? and satisfied the LTE criterion.

The experimental setup is suitable for the registration of chemical elements
in trace concentrations in the range of 10~' % down to about 1073 %,
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Edﬁbmh0w>§-w IIAPAMETPOB MJIAZMBI, CO3AAHHOMN JAZEPOM
C MOAVJALIMEA AOBPOTHOCTH M HUCTIOJIB30BAHHO
B JIA3EPHOM CIIEKTPAJIBHOM AHAJIM3E

B pa6ote paccMoTpero ucnonniopasme SKCIEPUMEHTATTLHON YCTAHOBKH, CO3NAHHON TS Io-
JIyKOJIMECTBEHHOT O JIACEPHOIO CEKTPAJILHOTO AHATH3a (JICA) 6e3 nononsuuTtensroro BO30YyxX-
ACHUA NIA3€PHOM ILIa3sMbl. DKCNEPHMEHTHI BHITOMHEHBE C LETbIO HCCNenoBanus 06pasHos ¢ pas-
JMHHEIM XMMHYECKHM COCTaBOM. B mpenmonoxenun nokanbHoro TCPMOIHHAMHYECKOTO paB-
HOBCCHA B JacepHOM TUTa3mMe GbLIM ompesaesneHsl TEMEINpPaTypa M IUIOTHOCTh 3JIEKTPOHOB HA OC-
HOBaHMH HHTETPUPOBAHHEBIX N0 BPEMEHH CIICKTPOB 06MacTH JIa3epHOH Ma3MBl, HENOCPEACTBEHHO

Hcnonbsyemoii B JICA.
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