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Precise, damage-free etching of InGaAs with Angstrom-scale control is a critical requirement for next-
generation IlI-V semiconductor device fabrication, including gate recess etching in InGaAs HEMTs, which
require very precise etching of 20 nm of InGaAs. Conventional plasma etching is insufficiently precise for
this application and introduces subsurface damage and surface roughness, motivating the development
of atomic layer etching (ALE) processes that achieve controlled material removal through sequential,
self-limiting surface reactions.

In this work, we investigate a plasma-based ALE process for InGaAs using (CH4+H2)/Ar+ chemistry,
consisting of alternating surface modification and removal half-cycles. The expected volatile products
are In(CHs)s, Ga(CHs)s, and AsHs. The effects of chamber conditioning, process pressure, and Ar flow rate
are systematically investigated to achieve self-limiting ALE behavior. Real-time optical emission
spectroscopy (OES) measurements are used to monitor plasma species and investigate the role of
residual CH-related species in the transition between self-limiting ALE and RIE-like behavior. For a
process at 10 mTorr with 200 W ICP power, 5 sccm Ar, a 1 sec dose of 5 sccm CH; and 20 sccm H,, and 5
sec etch time, an ALE window is present from 10-15 W RF bias, with EPC of 0.25 nm/cycle. The etched
surfaces are characterized using scanning electron microscopy (SEM), energy dispersive spectroscopy
(EDS), atomic force microscopy (AFM), and profilometry to evaluate etch per cycle (EPC), surface
morphology, roughness evolution, and compositional uniformity of the InGaAs surface. Synergy is also
measured.
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