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@bedded dielectric micro/nanostructures remain an active area of research with a wide
range of potential applications in quantum photonics, integrated circuits, and metasurfaces.
Understanding the interaction of fabrication techniques for embedded structures and epitaxial
growth details are critical to their design and use. This work explores homoepitaxial GaAs over
HSQ nanoscale grids patterned by electron beam lithography (EBL). HSQ cured by EBL
exposure and subsequent development is converted to a network structured silicon oxide.
Patterning HSQ to produce nanoscale dielectric structures enables production of higher fidelity
nanostructures than approaches using large-area deposition and patterned etching. A single
lithography step, without further pattern transfer, also minimizes process complexity and risk of
growth chamber contamination. HSQ grid structures consisting of high aspect ratio (80 nm x
~20 nm) “nanowalls” were patterned by EBL on (100)-oriented GaAs wafers off-cut 6° toward
the nearest (111)A. As shown in Figure 1, a square grid design with 10 um spacing, oriented
along the [011] and [011] crystal directions, was used. 1 pm thick homoepitaxial growths were
subsequently performed on the nanopatterned substrates by both molecular beam epitaxy (MBE)
at 550°C, 610°C, and 680°C with a V:III ratio of 14, and by metal-organic chemical vapor
deposition (MOCVD) at 650°C with a V:III ratio of 50; comparative growths using on-axis
substrates were also performed via MOCVD. The resultant epilayers were analyzed by high
resolution scanning electron microscopy (HR-SEM) and atomic force microscopy (AFM).

The specific orientation of HSQ nanowalls had the most significant impact on local
epilayer morphology for both MBE and MOCVD growths. Interestingly, as shown in Figure 2,
the two growth methods yielded effectively opposite effects, with vast differences in epitaxial
wetting, growth initiation/inhibition, overgrowth, and type/number/propagation/direction of
material imperfections. For both on-axis and off-cut substrates, the MOCVD growths possess
highly faceted trenches along the [011] direction that extend down to the substrate surface; no
GaAs growth is observed over or adjacent to the HSQ lines. In the opposite direction, along the
[011], the growth yielded shallow, smooth trenches above the HSQ for 6° off-cut substrates, as
shown in Figure 3, and smooth overgrowth for on-axis. The initial indication is that MOCVD-
grown GaAs does not wet the [011]-oriented HSQ lines, with resultant faceting preventing
coalescence. However, the [011]-oriented lines appear to impact growth only mildly for the off-
cut substrates, with little effect for on-axis. In the MBE-grown material at our standard growth
temperature (610°C), the result is heavy, jagged faceting in the opposite direction than that of
MOCVD, or [011], with the orthogonal yielding full overgrowth with no observable faceting or
growth inhibition. However, under non-standard MBE temperatures (550°C and 680°C) faceted
trenches form equally along both <011> directions. The striking differences between the MBE
and MOCVD epilayers highlight the differences in the growth techniques themselves and the
interaction with foreign materials, including the role of directional surface diffusion and reactive
surface chemistry.


Grassman, Tyler
As PI / originator of the topic/idea, it’s appropriate for me to be final author.

Grassman, Tyler
If it’s allowed, you could probably recover a line or two by not repeating the “The Ohio State University, Columbus, OH” part for each entry.

Grassman, Tyler
While these structures were indeed originally intended for this purpose (or lattice-mismatched growth, more generally), on hindsight it was not a good approach (I don’t think it actually even can work as originally envisioned).  Plus, we never did anything but homoepitaxy.  So, I’d say scratch any mention of this sort of thing.

Grassman, Tyler
This, on the other hand, is probably a better and more relevant focus.  However, I wouldn’t necessarily limit it to SiO2, but rather a broader range of just embedded “stuff.”  Dielectrics, plasmonics, etc.  Maybe pitch it as embedded photonic and/or plasmonic materials and structures?  You could probably even imagine magnetic or ferroelectric materials, so maybe “embedded materials and structures with a wide range of potential functionalities, including photonics, plasmonics, …”  Or actually, you could keep the latter half of the sentence and say “embedded materials and structures with applications in…”  I don’t something like that?

Grassman, Tyler
Or whatever it actually was.

Grassman, Tyler
So, there’s two main names for this…  “metal-organic chemical vapor deposition” (MOCVD) and “organometallic vapor phase epitaxy” (OMVPE).  They are both the same thing, but for whatever reason no one really mixes them together; also, MOCVD is more common in the US (despite the cringe-worthy, non-IUPAC naming), OMVPE more common in Europe.  In Asia is seems to be a mix (probably related to where people went to school or even what brand tool they use).

Grassman, Tyler
For whatever reason you basically have two choices here… metal-organic chemical vapor deposition (MOCVD) or organometallic vapor phase epitaxy (OMVPE).  They’re the same thing; OMVPE tends to be used more in Europe (and it’s got better IUPAC style naming), but no one really blends them.  I guess you could do OMCVD, but I don’t think I’ve ever seen it!

Grassman, Tyler
I say this because we don’t technically (yet) have actual defect characterization.  You could argue that the trenches are “defects,” but I think the word is a little too specific, since in crystals this would imply things like dislocations, stacking faults, microtwins, voids, etc.  A trench or facets could still be crystallographically perfect, but they aren’t the smooth epilayer surface we’re going for.  Thus I’m hedging with “imperfection” here, for now.

Grassman, Tyler
Seems you ran out of room to include mention of other temps?  Probably not important enough to worry about, but since you mentioned the other temps it leaves the reader wondering…
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Figure 1. a) Schematic of epitaxial structure with embedded HSQ nanowalls (schematic not to
scale) and SEM images b)8000x magnification ¢) 150,000x magnification of as-developed HSQ
patterns 80 nm tall x ~20 wide with a 10 um grid spacing.

Figure 2. SEM images after 1 pm GaAs
homoepitaxy on 6° off-cut substrates by a-b)
MOCVD at 650°C with a V:III ratio of 50 c-d)
MBE at 610°C and V:III ratio of 14. Image b)
shows that in the MOCVD material the HSQ line is
visible at the bottom of the GaAs well along [011],
appearing to have no GaAs growth on top of the
HSQ. Additionally in b), the intersection of the
HSQ grid is visible on the substrate with the GaAs
overgrowth only over the vertical [011]-oriented
HSQ line. The MBE growths, ¢-d, show faceted
imperfections in the opposite direction as those for

Figure 3. 20 um x 20 pum AFM images of
1 um GaAs MOCVD homoepitaxy with
line profile (inset) and corresponding SEM
cross sectional image across a-b) shallow
200 nm trenches in GaAs above [011]-
oriented HSQ lines. Line scan and cross
section are in the [011] direction. c-d)
AFM line scan and SEM cross sectioni
across 1 um deep facets, the full thickness
of the epitaxy growth, around horizontal
[011] oriented HSQ lines. Line scan and
cross section are taken along [011]. In d),
the ~20 nm HSQ line is visible at the
bottom of the growth, with no GaAs
epitaxy grown directly above.



