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FE MR A A AR IR S5 R, R ) W
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Figure 1 (Color online) Characterization of BP grown on Si and Au foil substrates. (a) Photograph of BP products on Si substrate grown by CVT
method. (b) Photograph of the Si substrate after growth of BP. (c) SEM image of the Si substrate after growth of BP. (d) Photograph of BP products on
Au foil substrate grown by CVT method. (e, f) Photographs of the BP products on Au foil near positions 1 and 2 in (d), respectively. (g) SEM image of

the BP products on Au foil after growth
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SEMARBIBPA: KAR R i, BPILICTEAuTA R IHTEA,
RIS R R BPAE S A TR A A FE AufA AEAE X FR
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Figure 2 (Color online) Scheme of growth of BP nanoflakes on Au film deposited Si substrate by CVT method
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Figure 3 (Color online) Characterization of BP grown on Si substrate with Au thin film deposited on top. (a, b) Optical microscopy images of as-
grown BP flakes on Au-Si substrates. (c, d) Raman spectra of BP flakes from (a) and (b). (¢) AFM image of BP flake in (b). (f) AFM topography and

height profile from the edge of BP flake, showing a thickness of 51 nm
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BPIIAE K, TRATANTEAu-SIFENE ERZE 1Bt i Au
TR ZE VRN, TR AN () . i SRty
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Figure 4 (Color online) Effect of growth temperature and RP loading
amount on BP growth. The region I indicates that the final product is RP,
the region II is the condition where bulk BP (thickness > 1 um) forms,
and the region III indicates the condition for thin BP nanoflakes. The
images on the right show the typical photo and SEM image of different
products grown under different growth conditions
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Growth of two-dimensional material black phosphorus guided
by gold substrates and its growth mechanism
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Two-dimensional (2D) materials are the frontier research direction of material sciences and condensed matter physics in
recent years. Among different kinds of 2D materials, black phosphorus (BP) has received extensive attention due to its
unique band gap and excellent optical and electrical anisotropy properties. Compared with graphene and transition metal
dichalchogenides (TMDCs), BP stands out for its unique properties with widely tunable direct bandgaps ranging from
0.3-1.7 eV, covering the wavelength from ~600 to 4000 nm, which fill in the gap between graphene (0 eV) and TMDCs
(~1.0-2.5eV) and is considered the ideal material for optoelectronic applications, such as light detection and light
modulation. For example, photodetectors are basic devices for optoelectronics, as they transform the information stored in
light into electric signals. BP based photodetectors not only stand out for their wide detection range reaching far infrared
(IR) region, but also for their high responsivity and high gain, demonstrating their excellent performance for mid-IR
detection.

In order to achieve above-mentioned applications, few or even monolayer BP flakes or continuous BP films are required.
However, how to control the preparation of thin layer of BP is one of the biggest challenges in this field. In this paper, we
carried out a systematic study on the growth of BP on different substrates and found that Au can guide and promote the
growth of BP, thereby controlling its growth. Based on the above findings, the growth of BP nanosheets on the Au-Si
substrate is achieved by using a Si substrate deposited with Au thin film on top, and by designing a strategy with gradient
temperature and in confined space. We observed that the BP nanosheets grown by this system exhibited different shapes
such as ribbons and flakes, and their thicknesses can be reduced to be about 51 nm with a lateral size of around 10 pm. In
addition, by systematically tuning the growth parameters in the system, we found that the growth temperatures and the
amount of red phosphorous loading are the key parameters for the growth of BP. With certain temperatures and precursor
loadings, we achieve the growth of BP nanosheets, while by-products would be obtained on the substrate with other
parameters.

In our previous work, we found that the temperature gradients play a crucial role in the yield, purity, and crystal quality of
bulk BP growth. Therefore, further optimization of temperature distribution is of great importance for the growth of BP
nanosheets. In addition, we observed in this paper that Au would guide the nucleation and growth of BP. Therefore, it is
important to regulate Au-P compounds during growth of BP, as on the one hand, it can control the by-products during the
reaction and on the other hand, it can also improve the controllability of BP nucleation. Based on this, we believe that
optimization of the temperature distribution and the growth regulation of Au-P compounds are important research
directions, as to precisely control and reduce the thickness of BP nanosheets to grow few layer BP. The growth system
proposed in this paper improves the chemical vapor transport (CVT) growth of traditional bulk BP from three aspects:
Substrate design, confined space design, and temperature gradient control, which have paved the way for the future
controllability growth of BP nanosheets and have deepened the understanding of BP growth mechanism.

two dimensional materials, thin black phosphorous flake, chemical vapor transport, gold substrate, confined
space, temperature gradient

doi: 10.1360/TB-2020-1535

3487


https://doi.org/10.1360/TB-2020-1535

	金基底引导制备二维黑磷及其生长机理
	1�� 实验 
	2�� 结果与讨论
	3�� 结论


