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Nitrogen seeding has been successfully used to help limit the power load at the divertor and
improve energy confinement [1]. The presence of nitrogen impurities in the plasma, however,
can complicate the existing plasma-material interactions, as atomic nitrogen is particularly
reactive. Despite the progress made by recent works [2,3,4], a complete picture of the basic
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mechanisms for how nitrogen plasma can degrade plasma facing materials like tungsten is | ' /I/L SRV B e g
still lacking. The degradation of these materials include the generation of a dense network of | " o g ( & target 5 0
defects in the first 10 nm of the surface, which could potentially have a strong effect on tritium 102 | | “— AN/ = ’ § 30
diffusion and retention in the material, as well as promote the formation of near-surface | | ry | \?Lfitini(ﬂl/‘]j",>\ﬂ/,/;‘ > w0l
precipitates. : | | | . , & .i | o2 @/ ;
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As a starting point to investigate nitrogen effects on tungsten plasma-facing surfaces, we ? . | i 3 ot
applied low energy ion scatte_rlng to study nitrogen adsorption o_n tungsten surfa(_:es, as well R e e nectra for variol 00 02 re.afﬁfeenergy(;éi)m 08 1.0 _ g o — . .
as developed and characterized a plasma source for generating high-flux radiofrequency . " ; - / g 0 79 "0 9 20
. . . . . . . . levels of N, dosing. (b) Collision circle plot wit L — > probe bias voltage (V)
nitrogen and deuterium plasmas with a Lisitano coil. This plasma source will be used in the A, . : 0 200 400 ;
. . . 2 OSlng at a part|a| pressure Of 50 nTOIT scattering intensity (counts/uC)
Lutu[e to pelrform SyStemﬁ‘t'C egpostérest of tungtsten saIanes to sequential nitrogen and — Figure 4: (a) Schematic of RF-powered linear plasma source. (b) IV traces obtained
CUISTILM plastmias, a5 Well 45 mixed aetiieriim-nitrogen plasmd. lon energy spectra were obtained with ARIES using a 3 keV Ne* beam incident on a with a Langmuir probe for the N, (blue circles) and D, (black squares) plasmas.
. . polycrystalline ITER-grade W button for « = 80° and 6 = 32°. These spectra, in Fig. 2(a), Plasma conditions were obtained by fitting each set of data to the red curves.
Low energy lon scattering were obtained for various levels of dosing with molecular nitrogen, N,, beginning with no | ' ——
dosing. Peaks in the spectra were identified based on Egs. (1) and (2), denoted X(R) for the Nitrogen and deuterium plasma were generated by partially ionizing 5 mTorr of N, or D, gas,
A detection a recoiled ion of species X and X(QS) for the detection of a Ne* that had scattered respectively, within the cylindrical chamber of Fig. 4(a). The plasmas were sustained by a
ﬁg;;g? off a surface atom of species X. As N, was dosed onto the W surface, a peak emerged near Lisitano coil [6] driven at 400 MHz with 240 W of power, and magnetic coils that provided 185
torward-scattered E/E, = 0.58, which corresponds to N(QS). The appearance of this peak reveals that N, was G through the central column of the chamber. Plasma conditions, provided below, were
and recoiled ions § adsorbing onto the tungsten surface and that LEIS is capable of detecting the presence of N obtained with a Langmuir probe that was inserted into the plasma column. IV traces, like
adsorbates. Simultaneously, the H(R) peak diminished by a factor of three, an indication that those shown in Fig. 4(b), were fit to I = anp\/i(l + ;C—S)+ b,/ T.exp (U;Vp), where a and b
. . g . P e
adsaroed N was potenfially limiting the adscrpiior of F; onia e suriace are constants related to the probe geometry and ;C—S IS a correction for sheath expansion. The
P
When analyzing these spectra, there can be ambiguity in the identification of the collisions obtained plasma conditions, in particular the ion flux, are within the appropriate range for
responsible for peaks at a single scattering angle . To overcome this ambiguity, we obtain investigating the early stages of nitrogen and hydrogen effects on tungsten surfaces.
lon .elnergy spectra for ?6 v'alues of 8 in the ranqe 20 < 6 <£90. These data are.plotted |n. a / N, plasma D, plasma \
collision circle plot [5] in Fig. 2(b), where the 6 is the polar angle and /E/E, is the radial
E c0s 6 + /i — sinZ 6 Z coordinate. When plotted in this manner, each collision type will trace out a circular arc Electron temperature 7, (eV) .56 5.64
Eqg. (1) E_S = — Ta computed from Egs. (1) and (2). This plot validates our peak identification in Fig. 2(a). Plasma density n, (100 cm3) 557 8 52
A\ : 0 .
.\ g E 4 N, adsorption onto the W surface did not vary with temperature as the sample was heated Plasma potential V,, (V) 31.6 23.7
| \ , Eq. (2) R _ K cos? 0 from 25 °C to 600 °C. Asf can be seen in Fig. 3(a), the N(QS) peak does not vary with K lon flux I~ (106 cm2 s°1) 8 55 210 /
S E, (1+ ll)z temperature-as the N, dosing was held constant. Changes-in the spectra-arose only fromH
desorption, as verified by Fig. 3(b), for which there was no N, dosing.
Figure 1: (a) Photo of the angle-resolved ion energy spectrometer at Sandia/CA. (b) Future work
Geometry of low energy ion scattering. (c) Kinematic equations to describe the / \ With the now-characterized plasma source, we intend to expose ITER-grade W samples to
energy of a scattered ion (Es) or recoiled ion (Eg) for a given scattering angle 6. NESIHE) _WE) N(@S) O(QS)OR) GBI WE) _N(@S) 0(a8)OR) was) sequential and mixed N, and D, plasmas. Deuterium retention will be determined with
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\ thermal desorption spectroscopy, while changes to the morphology of the surface will be
: characterized with helium ion microscopy and spectroscopic ellipsometry. Low energy ion
scattering will be performed to aid in the interpretation of the effects of N, and D, plasma
exposure. With a combination of these techniques, we hope to shed some light on the effects

Low energy ion scattering (LEIS) was performed with an angle-resolved ion energy
spectrometer (ARIES) in Fig. 1(a). To perform LEIS, an ion beam is directed at a glancing
angle a onto the surface, as defined in Fig. 1(b). Forward scattered ions, as well as recoiled
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ions including hydrogen, are then detected by an electrostatic analyzer (ESA) positioned at a ;
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, ) _ _ : 4 : o of nitrogen plasma on tungsten surfaces.

chosen scattering angle 6. The energy of a detected scattered ion (Eg) or recoiled ion (Eg) ' ’ - " ﬁ'/ i

can be co_nverte_d ’Fo the_ mass of a surfa(_:e atom from t_he Kinematic equations in Fig.. 1((_:), 10° Yi y | 10° ‘ / " V., i References

where E, is the incident ion energy and y is the mass ratio of the target atom to the projectile LAV IL . A 4 Ly | M‘\‘ W i - :
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