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(54) Plasma spectroscopy

(57) Aremote plasma spectrometer
comprises a composite optical fibre (2)
viawhich high power pulses from alaser
(1) are delivered to an article under
investigation (4) and which serves also
to detect photonsin the plasma
produced atthe article and to deliver
them to photon counting equipment (5)
atawavelength determined by a
monochromator (6). By counting at
different wavelengths a “finger print” of
the article can be builtup. The
spectrometer is calibrated by use of
known substances in place of the article
(4). Fibre (2) may comprise a core
(11-Figure 2) forthe transmission of the
laser pulses to the article,and a
surrounding layer (13) forthe
transmission of photons from the
article, acladding layer (14). The
refractive index of the core (11} is greater
thagn that of the surrounding layer(13),
which is greater than that of the cladding
{14).
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The drawings originally filed were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
Plasma spectroscopy

Thisinvention relates to plasma spectroscopy andin
particularto remote plasma spectroscopy.

In conventional plasma spectroscopy a high power
laser pulse is caused to be incident on a material
underinvestigation. A plasma is produced at the sur-
face of the material and study of characteristic emis-
sion linesinthe plasma allow determination of the
material’s constituents.

According to one aspect of the presentinvention
there is provided a plasma spectrometer comprising
asource of high power laser pulses, means to deliver
the laser pulsesto an article or part thereof underin-
vestigation, said means serving also to detect
photonsin the plasma produced at the article by the
laser pulses, and means to produce an outputfrom
the detected photons indicative of the constituents of
the article.

According to afurther aspect of the presentinven-
tionthere is provided a method of investigating the
constituents of an article or a part therof comprising
the steps of delivering high power laser pulses to the
article by way of a first means, employing thefirst
means to detect photons in the plasma produced at
the article by the laser pulses and to conduct the
photons to second means whereby an outputindica-
tive of the constituents of the article is produced.

Accordingto another aspect ofthe presentinven-
tionthereis provided a composite optical fibre, for
use in remote plasma spectroscopy applications,
comprising a core of afirst refractive index along
which laser pulses can be transmitted to an article or
partthereof underinvestigation, a cylindrical layer,
coaxial with the core and of a second refractive index,
along which photons detected in a plasma produced
atthe article by the laser pulses can be transmitted in
the opposite direction to the laser pulses, and a clad-
ding layer of a third refractive index disposed on said
cylindrical layer, the first refractive index being grea-
terthan the second refractive index, and the second
refractive index being greater than the third refract-
iveindex.

According to yet another aspect of the presentin-
vention there is provided a composite optical fibre
comprising a core of afirst refractive index and small
core cross-sectional area, a cylindrical layer coaxial
with the core, the cylindrical layer being of asecond
refractive index with a large numerical aperture, and
acladding layer of a third refractive index disposed
onsaid cylindrical layer, the first refractive index
being greater than the second refractive index, and
the second refractive index being greater than the
third refractive index.

An embodiment ofthe invention will now be des-
cribed with reference to the accompanying
drawings, in which:-

Figure 1 shows schematically aremote plasma
spectrometer including a composite optical fibre;
and .
Figure 2 shows a section through the composite
optical fibre and the associated optical paths thereof.

The output of a high power laser 1 (Figure 1) for
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example an Nd, YAG or ruby laser is applied to one
end of an optical fibre 2 via a beam splitter 3. The
otherend of the optical fibre is located close, for ex-
ample Tmm, to an article 4 underinvestigation. The
composite optical fibre 2 is such as to permitalaser
pulsefrom laser 1to be delivered to article 4 and then
to simultaneously detect the spectroscopic signal in
the plasma produced at the surface of the article and
transmit itto a photon counting system 5 viathe
beam splitter 3. A monochromator 6 serves to tune
the detected spectroscopic signal to a particular
wavelength so that the system 6 can count the
photons at that particular wavelength. By counting
photons at various different wavelengths a "finger
print” of low level impurities etcin the article 4 can be
obtained. The spectroscope is calibrated by use of
known substances in the place of article 4.

The plasma is produced without the necessity for
lenses merely by bringing the fibre end close to the
material under test. The laser and photon counting
equipmentcan be disposed at a position remote
fromthe material under test due to the use of a fibre
to deliverthe laser pulse to the material and to detect
the photon output, which fibre effectively comprises
a probe which may be positioned in relatively inac-
cessible places to test material thereat. Typical app-
lications of plasma spectroscopy include corrosion
detection in reactors, tanks etc, archeological invest-
igations and forensic testing. The remote plasma
spectrometer employs an essentially non-
destructive technique since only a small pit of a few
microns depth and width is produced.

The basic requirements of the single composite
fibre 2 are the ability to transmit laser light with a
high power density and the provision of a suitable
collection area for the returning spectroscopic
signal. A suitable coaxial fibre design comprises a
core with a small cross-sectional area fortrans-
mitting the laserlight and a surrounding cylindrical
layer with a large numerical aperture (N.A.) and prov-
iding alarge collection area. Such an arrangementis
shown in Figure 2and comprises acore 11forthe
transmission of laser light to a point 12, forthe gener-
ationthereat of a plasma, a cylindrical layer 13 forthe
return path for photons detected in the plasma at
point 12 and a cladding layer 14. The refractive index
n, of the core 11 is greater than the refractive index n,
ofthe layer 13 which is greater than the refractive
index nzofthe cladding layer 14 (n{>ny>ns).

The core 11 may be of highly doped GeO, or pure
GeOy, the layer 13 may be of moderately doped
GeO,, and the cladding layer 14 may be of pure SiO,.
Further protective layers may be applied to layer 14
as required. Typically the radius of core 11 is of the
order of 5to 50pm whereas the outer radius of layer
13is of the order of 50 to 200p.m. In the case of
plasma spectroscopy applications the transmission
lossforthe core 11 is unimportantsince high powers
over relatively short fibre lengths are concerned.
However the return path, layer 13, should be as low
in attenuation as possible in order to obtain the max-
imum transmitted signal from the plasma at point 12.
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CLAIMS

1. Aplasmaspectrometer comprising a source of
high power laser pulses, meansto deliverthelaser
pulsesto an article or part thereof underinvestiga-
tion, said means serving also to detect photons inthe
plasma produced at the article by the laser pulses,
and meansto produce an output from the detected
photons indicative of the constituents of the article.

2. Aplasmaspectrometer as claimedinclaim 1
wherein the meansto deliver the laser pulses and to
detect the photons comprises a composite optical
fibre.

3. Aplasmaspectrometerasclaimedinclaim1or
claim 2 wherein said output producing means com-
prises a photon counting arrangement and a mono-
chromator whereby to enable counting of photons at
predetermined wavelengths.

4. Aplasma spectrometer substantially as herein
described with reference to and as illustrated in
Figure 1 with or without reference to Figure 2 of the
accompanying drawings.

5. Amethod of investigating the constituents of
an article or a partthereof comprising the steps of
delivering high power laser pulses to the article by
way of a first means, employing the first meansto
detect photons in the plasma produced at the article
by the laser puises and to conduct the photonsto
second means whereby an outputindicative ofthe
constituents of the article is produced.

6. Amethodasclaimedinclaim5whereinthe
first meansis a composite optical fibre.

7. Amethodasclaimedinclaimb5orclaimé
wherein the second means comprises a photon
counting arrangement and a monochrometerand in-
cluding the steps of setting the monochromatortoa
respective particular wavelengths and counting the
numbers of photons thereat.

8. Amethod of investigating the constituents of
an article or a part thereof substantially as herein des-
cribed with reference to Figure 1 with or withoutre-
ference to Figure 2 of the accompanying drawings.

9. Acomposite optical fibre, for use in remote
plasma spectroscopy applications, comprising a
core of afirst refractive index along which laser
pulses can be transmitted to an article or partthereof
underinvestigation, a cylindrical layer, coaxial with
the core and of a second refractive index, along
which photons detected in a plasma produced at the
article by the laser pulses can be transmitted in the
opposite direction to the laser pulses and a cladding
layer of a third refractive index disposed on said
cylindrical layer, the first refractive index being grea-
terthanthe second refractive index, and the second
refractive index being greater than the third refract-
iveindex. .

10. Acomposite optical fibre as claimedin claim
9, wherein the core is of highly doped of pure GeO,,
thecylindrical layer is of moderately doped GeO,and
the cladding is of pure SiO,.

11. Acomposite optical fibre substantially as
herein described with reference to Figure 2 of the ac-
companying drawings.

12. Acomposite optical fibre comprising a core
of afirst refractive index and small core cross-
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“sectional area, a cylindrical layer coaxial with the

core, the cylindrical layer being of a second refractive
indexwith alarge numerical aperture, and a cladding
layer of a third refractive index disposed on said
cylindrical layer, the first refractive index being grea-
terthan the second refractive index, and the second
refractive index being greater than the third refract-
iveindex.
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