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fusion rate within IEC devices operating at high neutral gas pressures (>10- torr).

The composition of 10ns present in the source region of the IEC 1s treated using zero
dimensional rate equations. The rate equations take into account the following processes:
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The dominant processes for the UW-IEC device are 10onizations of D,, interchange reactions
producing D.", and dissociative ionization of D, producing D". The respective
concentrations of D,", D,", and D" are dependent on the electron temperature and
background neutral gas pressure.

The rate equations used to calculate the concentrations of molecular 1on species in the IEC
source region are shown below. They illustrate the manner in which i1onizations, interchange
reactions and flow to the walls and grid all play a role in calculating the 1on current that
flows through the IEC anode.
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Multi-species lon Acoustic Wave
Dispersion Relation

A derivation of the multi-species 1on-acoustic wave gives the following dispersion relation
where T, 1s the electron temperature, M, 1s the ion mass of the jth 1on species, and c; 1s the
sound speed of the jth ion species.
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This schematic shows the experimental setup within the
UW-IEC Device.

Experimental Method

A continuous sine wave with amplitude less than kTe/e was used to excite 10on acoustic waves in the
source plasma. The position of the planar probe was swept between 1cm and 16cm with the probe
voltage held at -100V bias. This allowed the spatial dependence of the phase shift between the
excitation signal and received signal to be measured. Thus a direct measurement of the phase velocity
of the multi-species 1on acoustic wave was obtained. The temporal and spatial dependence of the
multi-species 10n acoustic wave 1s shown below.

lon Acoustic Wave Hesponse to a 130kHz Electrostatic Excihiation Signal in the IEC Source Region
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This figure portrays the experimental setup used to verify the molecular 10n concentrations
calculated to exist in the IEC source region. Excitation signals on the 75¢cm? mesh were
kept to ~2Vpp to ensure the propagation of linear IAW waves.
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The above data corresponds to the phase shift of a 100kHz wave moving through
a plasma with a nominal electron temperature of 2.7 eV. This leads to calculated
weighted reduced 1on mass of 5.9amu +0.5amu. The neutral gas pressure for this
data set was 3.0 mtorr.

From the phase velocity of the wave and measured electron temperature in the IEC source region
a density weighted reduced 1on mass can be calculated:
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Below the My, is shown to vary with kTe and neutral gas pressure. The measured values are

compared with the My, values predicted from the ion concentrations calculated by the 0-d rate
equation model described previously.
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In these figures it 1s shown that (a) at low neutral gas pressure the 10on species mix contains a
significant fraction of D, whereas at high neutral gas pressure D;" is the dominant 10n type.
(b) Similarly low temperature plasmas in deuterium are mostly D;™ whereas higher electron
temperature plasmas contain larger shares of D,” and D".

Conclusion

By examining the propagation characteristics of 1on-acoustic waves 1n the 10on source region of the UW-IEC device 1t
has been shown the 10n species mix is dependent on neutral gas pressure and electron temperature. Species mixtures
vary from, D;" accompanied by a small fraction of D, , to mixtures where D, " 1s the dominant 1on species. This has
significant implications for future modeling efforts on the UW-IEC device.
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