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Fig. 1. Typical AFM images of h-BN bubbles: (a) Topo-
graphy of h-BN bubbles in different size and distribution
density. Scale bar, 1 pm; (b), (¢) AFM images taken from
the red and orange box in panel (a) respectively. The scale
of height sits on the right.
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Fig. 2. Distribution of h-BN bubbles after hydrogen plasma treatment for different treatment duration. (a)—(c) AFM images of the
h-BN bubbles after treated for 60, 90 and 120 min. Scale bar: 2 pm. The inserts in (a) and (b) are the AFM topography images of a

single bubble corresponding to the processing time. The scale bar is 50 nm for insert in (a) and 400 nm for the insert in (b).

(d) Cross-sectional profiles of bubbles in inserts of panels (a) and (b) and panel (c). The histogram part is the average bubble height

under different processing times according to statistics.
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Fig. 3. Characteristic analysis of bubbles. (a) Statistical res-
ults of size ratios hy,./R of bubbles with different radius.
The inset is a schematic diagram of the h-BN bubble struc-
ture. (b) Statistics of bubble numbers with different size ra-
tios. It can be found that the size ratio of h-BN bubbles is
concentrated around 0.092. The orange point represents the
deviation of the bubble size ratio from 0.092, and the over-

all deviation value is within 10% (green area).
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Fig. 4. Pressure analysis inside h-BN bubbles. (a) Force-dis-
placement curves of the bubbles with different sizes are
measured by AFM, which shows the force increases while
the tip goes deeper. The FDCs of different-sized bubbles
have diverse slopes. (b) vdW pressure inside bubbles extrac-
ted from the experimental data in panel (a) as a function of
the indentation depth. Dashed lines are linear fits. (¢) vdW
pressure as a function of hmax , the solid line is fitted to
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Fig. 5. Small size bubbles obtained under short-time hydro-
gen plasma treatment: (a) The distribution of small size
bubbles, the size scale is 150 nm; (b) the cross-sectional
profile view of the small bubbles marked with numbers in

panel (a).
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Abstract

Hexagonal boron nitride (h-BN) is considered as an ideal substrate material for new electronic devices and
nano-electromechanical (NEMS) devices, owing to its hexagonal network lattice structure and high chemical
and mechanical stability. It can be used to seal gas with a long-term stability, and then has a big potential in
further applications in electronics and NEMS. Recently, researchers have discovered that hydrogen atoms can
penetrate multiple layers of h-BN non-destructively, forming the bubbles between layers, which can be used as
NEMS devices. In this article, we investigate the effect of hydrogen plasma treatment duration on the size of h-BN
bubbles. It is found that the size of bubbles becomes larger with the increase of treatment time while their
distribution density decreases. It is also observed that the prepared h-BN bubbles have similar morphological
characteristics, which are related to Young’s modulus of h-BN and interlayer van der Waals interaction. With
the help of force-displacement curve measurement, it is obtained that the internal pressure is about 1—2 MPa

for micro-sized bubbles, while the internal pressure of nano-sized bubbles can reach a value of GPa.

Keywords: h-BN, plasma treatment, nano bubbles, van der Waals heterostructure
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