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Abstract: Two-dimensional (2D) gallium nitride (GaN) exhibits broad application prospects in the field of ultraviolet
optoelectronics due to its dual characteristics of wide-bandgap semiconductor and quantum confinement effect.
However, conventional synthesis methods for 2D GaN, such as metal-organic chemical vapor deposition and
molecular beam epitaxy, typically require high growth temperatures, prolonged processing time, and relatively high
costs. To address these critical challenges, this work leverages the intrinsic properties of liquid metal gallium,
including its low melting point and ease of oxidation to develop an efficient and relatively low-temperature synthesis

strategy for 2D GaN. The core of this strategy includes following steps. Firstly, utilizing a straightforward spin-coating
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exfoliation technique to directly extract an amorphous gallium oxide (Ga,0;) from the surface of liquid gallium.

Subsequently, subjecting the amorphous Ga,0; to a nitridation treatment process at a relatively low temperature of

850 °C, successfully achieved its conversion into high-crystalline-quality GaN. Characterization results demonstrate

that the synthesized 2D GaN possesses a thickness of approximately 2.2 nm, a lateral dimension on the centimeter

scale, and a hexagonal wurtzite crystal structure. Furthermore, based on the prepared 2D GaN, a photoconductive

ultraviolet photodetector is constructed. Performance characterization results reveal that under a 5 V bias voltage and

illumination by 325 nm ultraviolet light, the device exhibits a responsivity of 4.14 A/W and a high detectivity of

1.02x10" Jones. This study demonstrates the successful preparation of large-area 2D GaN material based on liquid

gallium metal, providing a valuable reference for the development of low-dimensional and high-performance

ultraviolet photodetectors.

Key words: GaN; liquid metal gallium; spin-coating exfoliation method; ultraviolet photodetector
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Fig. 1 Schematic diagram of two-dimensional GaN preparation
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Fig. 2 Morphological characterization of two-dimensional GaN
(a) Optical microscope image; (b) SEM image; (c) AFM image with the right figure showing height profile



380 T AL A R R

4%

M XRD B 3(a))n W, P& rORE s B
L5 PDF#70-2544 AHXRL(AAT ST 06, AT 5 U4 i B 4 i
HBONREL, XUFSE T GaN BHEHEE & 1 B i 4%
HAEREILZ, £ GaN [{1(100)H1(102)%7 5 & pt iz
N &2 B3 55 1 24 6 (20=31.69°F11 44.73°), @it kb xt
-Ga,03 FrUEAT S 4 (PDF#41-1103), & BLIX 2L 4T
SHERTH IR T AR B 2B IITRE Ga05 M. 1 piIX
NG HIEFRARA: B2 FERHE 850 C TR M
15 min Ri& B 582, Ko FdBEh &2 <0
RN FEUR MR Y N . AT BT 4
GaN (IR 4544, K HRTEM Xt #¢ S it 47 R AL
M HRTEM & 5 (K 3(b))rl LA B KFEA 7 15
B 2540, UESE T 4% (1) — 4k GaN #PBL B A FL SRR L

A s g i B . o T (A1 PR 0.27 nm ISR 4L
XTRLAEET GaN  d AR S5 14 11 (002) & 1T, il T ]
N 0.24 nm [RZSUNXT AT GaN SRS #4 1)
(101) TP, Z45 RS XRD 4347 rhom 82 3 iy i £z
A E .

Kl 4(a)y GaN (1) 73 #E% XPS A &, vT AW
RBFITCRME TR BN B 4(b)N Nls
L REHIE A L5 R, Hh Ga-N #(397.5 eV) &
F T 4(c) N Ga2p 10 BELR 1 A& 45
HAfiF 1118.7 F1 1145.6 eV A& s 5 5
Ga2ps;, F1 Ga2pyp HIXT R, X5 2 85 SCRk ik 18 7 25
B2 R =4k GaN IO G ST S AR v
FE, BT GaN & —Fh B4 B SRRl R

(a)

(101)
Q
Z
o
g

Intensity / (a.u.)
E

30 35 40 45 S0
20/ ()

Bl 3 4k GaN ) B IR S RAE
Fig. 3  Crystal structure characterization of two-dimensional GaN
(a) XRD pattern; (b) HRTEM image
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Tablel Performance comparison of GaN-based ultraviolet photodetectors
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