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There has been recent interest in the study of the fundamental physics of plasmas generated on a 
submillimeter and micrometer scale.  Such ‘microplasmas’ or ‘microdischarges’ present a new 
regime of plasma physics. Due to small dimensions, high plasma density and large boundary-area-
to-plasma-volume ratio the properties are very different from larger-scale devices. Arranged in 
arrays they may lead the way to producing stable, large scale, atmospheric pressure plasmas.  Thus 
they provide enormous opportunities for advancing technologies in a very wide range of industrial 
sectors including biomedical, semiconductors, sensors, diagnostics, environment and energy. This 
is generating interesting questions such as how small can a microplama be and how can we gain 
an understanding of the physical and chemical processes that initiate and sustain such plasmas.  

The term microplasmas generally refers to devices with sub-millimeter dimensions, often with 
plasma volumes < 1mm3.  Elucidating the fundamental physical and chemical mechanisms on 
the sub-millimeter scale active in such plasmas is an extreme challenge. Measurements of even 
basic plasma properties are only now becoming possible and are still very difficult [1-5]. A 
general synopsis of existing results is: electron densities of ~ 1021 to 1022 m-3 in Ar and 
significantly lower in He, gas temperatures that are very dependent on current, pressure and type 
of gas (up to ~ 2,000 K in molecular gases and close to room temperature in He) and electron 
temperatures that are ~ 1 eV. 
 
For many years the study of laser breakdown of gases at or close to atmospheric pressure has 
advanced the use of spectroscopic measurements of line widths and emission line ratios to 
determine the properties of small, high density and temperature plasmas. We report here on 
initial work to determine if these techniques can be transferred effectively to the microplasma 
environment. While the conditions ne ~  1025 m-3, kT e ~ 3 eV in the early plasma phase up to 
about 1 µs will exceed those in microplasmas, at times after ca. 10 µs they will be more similar.  
 
The output from a Nd:YAG laser (1.064 µm, 10 ns, 20 Hz, 250 mJ) was focused using a 10 cm 
focal length lens initiating breakdown in He:N2 gas mixtures at atmospheric pressure. The initial 
laser-produced plasma expands and cools rapidly and goes through a region where electron 
densities and temperatures approach those of a microplasma. We acquired both time integrated 
and time resolved optical emission measurements over a wide spectral range. 
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  Fig. 1a Fig. 1b 

Figure 1a shows the time-integrated emission spectra from 200 to 800 nm in a He-N2 (700:60 
Torr) gas mixture. Figure 1b, obtained with a higher resolution but not intensity calibrated 
spectrometer, contrasts the time-integrated data from 485 nm to 515 nm with measurements 
made during a 100 ns window at 1 µs and 5 µs after the laser has fired. A narrow region, from 
497 to 512 nm, proved to be a particularly sensitive probe for both excitation temperature and 
electron density. Figure 2 shows the measured emission intensity in this range, 5 µs after the 
laser has fired. Simulation of the spectrum requires temperatures for the three observed 
constituents (N I, N II, He I) of 3000±500 K, 18000±2000 K, and 20000±2000 K, respectively. 
Emission lines in this range originate 
from levels with excitation energies 
above the respective groundstates 
between 13.7 and 14.9 eV for N I, 20.0 
and 30.0 eV for N II, and 23.2 and 23.8 
eV for He I (the two broad features). At 
the time of 5 µs, the observed line width 
of 0.35 nm (FWHM) of the He I 501.6 
nm emission line implies an electron 
density of about (7±1)×1022 m-3 [6]. That 
the N I excitation temperature is indeed 
substantially lower than those for the 
higher levels of N II and He I, can be 
seen from simulation 2 in figure 2. Here 
the N I excitation temperature has been raised from 3,000 K (simulation 1) to 4,000 K, 
generating large peaks (circled) that are below noise in the data. Apart from atomic emission 
lines, rotationally resolved vibrational bands of the First Negative System of N2

+ are detected at 
later delay times (>10 µs), providing the opportunity for additional temperature probing. 
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