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Abstract:
Typically, the highest quality thin film heterostructures achieved via epitaxial growth techniques prefer 
a blanket growth condition, covering the entire substrate. For device applications that demand a buried 
metallic layer, one must use subtractive fabrication techniques to access the buried metallic layer. In this 
report, we show that a KOH-based wet etch can be used to selectively etch N-polar AlN thin films with 
selectivity to a buried, metallic, NbN.

Summary of Research:

Over the past few decades, the III-N material system has 
developed into a particularly rich family of materials, 
playing key roles in the photonics [1], electronics [2], 
MEMs [3] device families — and more recently, the 
development of ferroelectric, magnetic, and metallic 
materials [4]. For III-N devices grown via epitaxial 
techniques, often it is preferred to grow a heterostructure 
or segments of a heterostructure in a blanket fashion, 
spanning the entire substrate. In this growth condition, 
one must define individual device mesas in a subtractive 
fashion. Recent growth efforts have shown that single 
crystalline wurtzite AlN can be grown on metallic, 
superconducting, NBN on 6H-SiC substrate by molecular 
beam epitaxy (MBE) [5,6]. For high frequency device 
applications looking to access this buried metallic NbN, 
but utilize a semi-insulating (SI) SiC substrate, one must 
etch a via through the top nitride heterostructure or 
through the entire SiC substrate.

Initial attempts to access the buried NbN layer via ICP-
RIE etching revealed poor etch selectivity of AlN to NbN. 
For instance, a typical Cl- (BCl3: 10 SCCM, Cl2: 20 SCCM) 
and Ar-based (Ar72: 10 SCCM) etch in the PT 770 yielded 
an etch rate was ~ 1 nm/s, while the epitaxial NbN layer 
etched at ~ 2-4 nm/s under the same conditions. Over 
this past year, we have found one can access a buried 
NbN with relative ease using a two-step ICP-RIE and wet 
etch, overcoming the difficulty to etch 6H-SiC [7,8]. The 
process is shown schematically in Figure 1. 

Figure 1: Schematic depiction of the two-step ICP-RIE and wet etch 
process. To overcome a lack of etch selectivity of AlN to NbN, etch 
through a small amount of remaining N-polar AlN (<200 nm) with 
room temperature AZ 400K.

Figure 2: Optical microscope images of exposed NbN with a square 
AlN mesa (10,000 µm2) post AZ 400K etch. The surrounding region 
is transparent 6H-SiC substrate. The thickness of the AlN mesa was 
330 nm, and the height of the buried NbN was 24 nm. (a) Bright field 
illumination, and (b) dark field illumination. The NbN is thick enough 
such that it remains reflective under illumination, and the 6H-SiC 
substrate is optically transparent. Hence, the exposed NbN is reflective 
under bright-field illumination, and strongly blocks light under dark-
field illumination, showing the buried NbN remains continuous under 
the AlN mesa.
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First, the same ICP-RIE etch was applied to remove a 
majority of the AlN, with a PECVD SiO2 etch mas. Then, 
using the same SiO2 etch mask from the first step, the 
remaining (<200nm) AlN was then removed by using a 
dilute KOH wet etch, in the photolithographic developer 
AZ400K, at room temperature in under five minutes. 

The exposed NbN remains conductive at room 
temperature, and is continuous underneath an AlN 
mesa.

Here, we show process results of a 330 nm thick AlN 
and 24 nm thick NbN heterostructure grown via MBE. 
Optical microscope images of the exposed NbN surface 
post-exposure to AZ400K are shown in Figure 2. No 
visible etching of the exposed NbN layer was detected, 
as verified by profilometry. Little lateral etching (<1µm) 
for AlN mesas with areas on order of 10,000 µm2. The 
uniformity and speed of the etch in room temperature 
dilute KOH was attributed to an N-polar AlN surface (also 
observed by TEM in ref [6]), where KOH simultaneously 
serves as a catalyst in the oxidation of N-polar AlN and 
as a solvent for an Al2O3 product [8,9].

Conclusions and Future Steps:
Looking forward, we plan to see if the etch translates 
to N-polar GaN, and eventually more complicated III-N 
heterostructures. In principle, an etch selective to nitride 
semiconductors over metallic NbN would provide a 
potential pathway to dramatically scale various nitride 
electronics via epitaxial growth techniques. In the high 
frequency electronics arena, we are using the two-step 
etch to explore a novel bulk overtone acoustic wave 
resonator on 6H-SiC10 as well as a means to back-gate 

AlN-GaN-AlN “quantum well” high electron mobility 
transistors 11].
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