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Line of sight integration is an inherent problem of emission spectroscopy 
plasmas. Plasmas are volume emitters and the line of sight integration averages ov
In cylindrical plasmas Abel inversion is a standard technique to deal with th
However, the application is only straight forward in case of plasmas being small 
containing vessel or surrounding walls. In typical low-temperature plasmas e
intense up to the walls and measurements suffer inevitably from wall reflections. 
where the azimuthal symmetry is broken, e.g. by non-perfect antenna geomet
inhomogeneities, Abel inversion is not applicable. 

Here we introduce a novel device, the optical probe, which allows sp
emission measurements under quite general conditions. The optical probe 
connection with any spectroscopic technique based on the detection of plasma em
near UV to the near IR. 

The probe basically consists 
of a long and narrow ceramic tube 
immersed into the discharge and a 
lens at the far end (Fig. 1). The 
light is collected within a solid 
angle from the region between the 
probe end in the discharge up to the 
viewing dump located behind a window at the opposing wall. The lens images th
onto an optical fiber that guides the light to a subsequent spectrometer or filter
adequate detector, e.g. a photomultiplier or a diode array. The probe can be move
along its longitudinal axis. Thereby, the line-integration length changes and an a
profile S(x) is recorded. In case of a sufficiently small solid angle, this profile re
emissivity of the plasma by the simple integral relation: 

Fig. 1 Schematic of the optical p
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Therefore, the local emissivity can be obtained directly by a simple differentiation
profile with respect to the spatial coordinate of the probe end in the discharge. 
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In case of larger solid angles light is no longer collected by a simple integra

spatial point has the same weight. Instead the increasing diameter of the expan
detection solid angle has to be considered by a so called geometric factor g(x): 
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The g-factor can be well represented by quadratic relation: 
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Here α and β, the optical parameters, are given by the geometric properties of the probe and 
the optics. In this case, the local emissivity is derived from a slightly more complex relation. 
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The above relation assumes that the local emissivity vanishes at the edge of the discharge 
chamber. It should be noted that in the limit of very small optical parameters equation (5) reduces 
to the simpler relation (2). The obvious advantage of small optical parameters is the simplicity of 
the analysis. However, larger optical parameters are directly correlated to a larger solid angle 
which allows the collection of more light and provides higher sensitivity. 

The above concept has been realized in a compact device that allows convenient application 
by automatic computer control and data accumulation. A stepping motor allows precise movement 
of the probe. The optical properties were chosen so that the simple relation (2) applies for analysis. 
The optical fiber is connected to a photomultiplier 
tube (PMT) and an interference filter provides 
spectral selectivity. The PMT is readout by an 
oscilloscope. Measurements were performed in a 
modified inductively coupled GEC cell operated at 
13.56 MHz. The ICP discharge was operated in 
pure hydrogen at various RF powers and gas 
pressures ranging from P = 50 W to P = 800 W and 
p = 5 Pa to p = 20 Pa, respectively. Radial profiles 
of the Balmer-α emission were measured by the 
optical probe at various axial positions. Comparison 
is made with classical Abel inversion of filtered 
camera images and excitation profiles calculated 
from radial resolved EEDFs [2] measured by a 
compensated Langmuir-probe (see separate 
contribution to this meeting). 
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A typical profile is shown in Fig. 2. The 
pronounced extrema correlate very well with the 
structure of the calculated induced electric field in vacuum. This supports the physical picture of a 
predominantly local power balance resulting from a short energy relaxation length due to the high 
inelastic collision rate (predominantly vibrational excitation) in hydrogen. The profile agrees very 
well with the calculated excitation rate obtained from the Langmuir-probe data. Measurements at 
other discharge conditions show similar good agreement. Abel inversion data also show the 
localized maxima but details of the profile suffer very much from wall reflections which require 
actually removal of data points within certain sections and according interpolation. 

Fig. 2 Emission profiles of the Balmer-α line at 
10 Pa, 300 W obtained by the optical 
probe measurement (squares) and from 
Abel inversion (circles) and excitation 
rate obtained from the Langmuir-probe 
data (triangles). 

In summary, it has been demonstrated that the novel diagnostic device of the optical probe 
works very well and is in excellent agreement with independent diagnostics applied for 
comparison. The device can provide local spectral information with high resolution in practically 
any low-temperature plasma and can be combined with a wide range of diagnostic techniques. 
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