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We present a High Field Side (HFS) Lower Hybrid Current Drive (LHCD) launcher 
for the DIII-D tokamak to validate HFS launch scenarios. HFS LHCD is a key enabling 
technology for a steady state tokamak reactor, where inward particle drifts reduce plasma-
material interaction (PMI) for launcher longevity, while the favourable magnetic profile 
allows lower n|| resulting in higher efficiency current drive with single-pass damping at 
increased penetration depth. A traveling wave poloidal power divider with aperture 
impedance matching structure has been designed and has low reflected power, return loss <-
30 dB, over a wide range of edge densities (ne=1x1017 to 1x1018 m-3). The coupler spectrum 
peaks at an n||=-2.7 and the RF electric field remains below the estimated 9.3 kV∙cm-1 
multipactor limit at 4.6 GHz over the above edge densities range. The launcher is expected to 
drive ~150 kA/MW at r/a=~0.6-0.8 in advanced tokamak discharges. 

Development of SLM 3D printing of GRCop-84 for fusion power applications is an 
emerging technology with the capability to improve LHCD launcher designs and may be 
extended to first wall, divertor, and RF source components. Advances in selective laser 
melting (SLM) technology allows additive manufacturing of RF launchers from a new 
material, Glenn Research Copper 84 (GRCop-84).  GRCop-84 is a Cr2Nb (8 at. % Cr and 4 at. 
% Nb) dispersion hardened alloy and SLM manufacturing allows configurations unachievable 
with conventional machining processes. SLM of GRCop-84 results in a fully dense, vacuum 
compatible RF structure without subsequent hot isostatic pressing. Variations in design, 
economics, and manufacturing time between additive manufacturing and conventional 
machining processes are compared. Designs of monolithically printed LHCD launchers 
incorporating self-supporting RF structures are discussed with a focus on the elimination of 
secondary machining operations. Surface roughness and finishing techniques are developed; 
RF losses are in as-printed material are found to be equivalent to extruded waveguide at 4.6 
GHz. Brazing, laser, and electron beam welding techniques are developed and analysed. 

The rapid solidification of SLM fused gas atomized GRCop-84 powder results in 
ultimate tensile strengths exceeding that of competing CuCrZr alloys, while maintaining an 
equivalent conductivity of ~80% of pure copper. SLM printed GRCop-84 has a UTS of 720 
MPa, increasing to 780 MPa after a 600°C stress relief and 2 hour heat treat at 450°C, 
exceeding CuCrZr (560 MPa) and Glidcop AL-15 (460 MPa), allowing better tolerance of 
disruption loads while tolerance of high temperature excursions to 800°C for extended 
durations without loss of strength allows exposure to transient heat loads that cause 
permanent degradation to CuCrZr. Stability of the Cr2Nb precipitates results in modest 
reduction in tensile strength to 520 MPa after a 5 hour exposure to 900°C. 

Material failure, fracture characteristics, and precipitate morphology are examined 
with electron microscopy and focused ion beam milling. Neutron induced damage at high 
DPA values is estimated by comparison to precipitation hardened copper alloys with similar 
precipitate size and volume fractions, and testes with self-similar ion irradiation. 
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