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This thesis addressed the potential of stacked layer etching for fabricating high—aspect-ratio (HAR) holes
by using a plasma containing nitrogen, hydrogen bromide, and fluorocarbon gas aimed at the development of
a process for fabricating 3D NAND flash devices.

First, while the conventional process consists of multiple steps for each stacked layer, HBr/CHsF-based gas
chemistry was investigated to achieve a single—step etching process that reduces processing time. Analysis
of the dependence of the surface composition on the wafer temperature led to improvement of both the etching
profile and rate at low temperatures. The etching mechanism was examined considering the composition of the
surface reaction layer. XPS analysis revealed that the adsorption of N-H and Br was enhanced at low temperatures,
resulting in a reduced carbon—based-polymer thickness and enhanced Si etching. Finally, a vertical profile
was obtained as a result of the formation of a thin surface reaction layer at a low wafer temperature

Next, the effects of wafer temperature on the etching rate and surface composition were investigated to clarify
the surface reaction mechanism under HBr/N,/CHsF-based gas plasma. The etching rates of both poly-Si and SiO,
were found to increase at a wafer temperature of 20°C as compared with those at 60°C. Comparison of the gas
combinations of CHsF/N; and HBr/N, mixtures indicated that the temperature dependence of the Si0, etching rate
on the HBr to CHsF gas mixing ratio is relevant to the sticking probability of fluorocarbon polymers. To determine
the cause of the temperature dependence, the surface composition was evaluated by thermal desorption
spectroscopy and laser—sputtered-neutral-mass—spectrometry analyses. NHBr was identified in the deposition
film at a wafer temperature of 20°C. The observed increase in the poly-Si etching rate at lower temperatures
was possibly caused by increased amounts of N, H, and Br fixed to the surface by the formation of NH,Br

Then, the reaction mechanism during etching to fabricate deep holes in SiN/Si0, stacks using an HBr/N,/CHsF-
based gas plasma was investigated. To etch SiN and Si0O, films simultaneously, the HBr/CH;F gas mixture ratio
was controlled to achieve etching selectivity closest to one. Holes were formed in the SiN/Si0O, stacks by
one—step etching at several temperatures. The surface composition of a cross section of the holes was analyzed
by ToF-SIMS. With low-temperature etching, Br ions (considered to be derived from NH,Br) were detected
throughout the holes. The dependence of the hole depth on the aspect ratio was found to decrease as the substrate
temperature decreased, and it became significantly weaker at a temperature of 20°C. This indicates that the
formation of NHsBr supplies SiN/Si0, etchant to the bottom of the holes. This finding will make it possible
to alleviate the decrease in the etching rate due to a high aspect ratio.

Next, the deposition profile of NH,Br in No/HBr plasmas was evaluated as a function of the depth in a macro-cavity
structure for the HAR etching process. The macro-cavities reproduce deep holes in 3D NAND structures. The
profile was compared with the calculated results for fluorocarbon in CF, radicals. The decay in the NH,Br
deposition was smaller than that of fluorocarbon at depths greater than 50 mm in the cavity. A 50-mm depth
corresponds to an aspect ratio of 60. To clarify the results, two models were investigated: NH,Br forms in
the gas phase and on a solid surface. The latter model clarified the results reasonably compared with the
former model. These results indicate that NH;Br sufficiently reaches the bottom of deep holes in HAR structures.
While the major trend in the development of HAR etch technologies is ion—energy enhancement, etchant supply
is also an important issue. Its importance will grow along with the development of 3D NAND technology. This

thesis should contribute to the investigation of HAR etching
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