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Fig. 1. Top view of four typical configurations for different hydrogen vacancy clusters in germanane: (a) Gp.g; (b) Gp.om;

(¢) Gp.am; (d) Gpgu- Blue and green spherules represent Ge and H atoms, respectively.
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Table 1.

configurations of dehydrogenated germanane.

Magnetic moment, Ge—H bond length, Ge—Ge bond length and the average height of the Ge atoms in different

e Germanane Gp.n Gpoon Gpan Gp.en

©/ 1B 0 1.000 0 2.000 0
dee—1/ A 1.561 1.561—1.568 1.562—1.567 1.562—1.567 1.564—1.570
dGe—ce /A 2.467 2.465—2.487 2.345—2.493 2.4302.492 2.4152.492

AJA 0.725 0.726 0.733 0.734 0.735
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Fig. 2. (a)-(e) Corresponding band structures of germanane and different hydrogen vacancy clusters Gp_g (z = 1, 2, 4, 6) systems;

(f) B, E, and magnetic moment as a function of dehydrogenation concentration.
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Fig. 3. Top and side views of optimal adsorption configuration of G/TTF and Gp ,4/TTF (z = 1, 2, 4, 6) systems : (a) G/TTF,
H2-site; (b) Gp.u/TTF, V2-side; (¢) Gp.oy/TTF, B2-side; (d) Gp.yu/TTF, H2-side; () Gpgu/TTF, V2-side. Blue, green, red and

brown spheres represent Ge, H, S, and C atoms, respectively.

# 2  G/TTF M Gp_u/TTF (z =1, 2, 4, 6) R FR A EWR AT FT N A0 B RE, EREHE , S5H0 S0 B i e o

Table 2.  Adsorption energy, magnetic moment, structural parameters and charge transfer of optimal adsorption configura-

tion of G/TTF and Gp_u/TTF (z =1, 2, 4, 6) systems.

2 G/TTF Gp.ig/TTF Gpoon/TTF Gpu/TTF Gp.gu/TTF
E,q/eV 0.583 0.889 0.766 0.895 1.230

w/ s 0 1.000 0 2.000 0
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dGe—u /A 1.560—1.568 1.563—1.571 1.563—1.571 1.563—1.577 1.563—1.570
A/A 0.735 0.738 0.734 0.739 0.736
Qe 0.029 0.392 0.195 0.230 0.200
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Abstract

Germanane is expected to substitute for existing silicon-based or germanium-based material. Germanane is
regarded as an ideal candidate for next-generation semiconductor material due to its suitable band gap, high
electron mobility, better environmental stability, small electrical noise and ultrathin geometry. In this work, the
effects of different configuration and concentration of hydrogen vacancy cluster on the electronic properties of
germanane and its molecular doping are systematically investigated through the first-principles method based
on density functional theory and none-quilibrium Green’s function. The results show that the hydrogen
vacancy clusters with different configurations can induce magnetism with different characteristics in
Germananepyydrogenated-ai (Gp-ar) System, and the magnetic moments are consistent with the predictions of
Lieb’s theorem. Moreover, the p-type-liked doping effects caused by defective state under Gp_,z (z = 1, 4, 6)
systems can be realized in their spin-down band structures. The corresponding energy values for exciting
electron would gradually decrease with the increase of the concentration of hydrogen vacancy clusters under
different configurations. After adsorbing tetrathiafulvalene (TTF) molecules, G/TTF and Gp_1/TTF (2= 1, 2, 6)
systems exhibit molecular doping characteristics induced by the TTF molecules. More importantly, for
Gp_a/TTF (2 = 1, 6) system, the different molecular doping types can be introduced in spin-up and spin-down
band structures due to the hybridization composed of molecular orbitals and defective states under spin
polarization. Further calculations of their transport properties indicate that germanane-based device with
Armchair and Zigzag configurations both exhibit intensive isotropy, and the performance of I-V characteristics

can be dramatically enhanced owing to the carrier doping by TTF adsorption.
Keywords: germanane, defect, molecular adsorption, electronic properties

PACS: 71.15.Mb, 61.72.J-, 74.20.Pq, 73.63.—b DOI: 10.7498 /aps.72.20230170

* Project supported by the Natural Science Foundation of Jiangxi Province, China (Grant Nos. 20224ACB201010,
20212BAB201017), the National Natural Science Foundation of China (Grant Nos. 12064014, 12064015, 51962010, 12174162,
12164019), and the Program of HZWTECH (HZWTECH-PROP).

t Corresponding author. E-mail: 721lg@jxnu.edu.cn

1 Corresponding author. E-mail: bxud@mail.ustc.edu.cn

127101-11


http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.7498/aps.65.096801
http://doi.org/10.1007/s12034-019-1843-z
http://doi.org/10.1007/s12034-019-1843-z
http://doi.org/10.1007/s12034-019-1843-z
http://doi.org/10.1007/s12034-019-1843-z
http://doi.org/10.1007/s12034-019-1843-z
http://doi.org/10.1103/PhysRevLett.62.1201
http://doi.org/10.1103/PhysRevLett.62.1201
http://doi.org/10.1103/PhysRevLett.62.1201
http://doi.org/10.1103/PhysRevLett.62.1201
http://doi.org/10.1103/PhysRevLett.62.1201
http://doi.org/10.1103/RevModPhys.81.109
http://doi.org/10.1103/RevModPhys.81.109
http://doi.org/10.1103/RevModPhys.81.109
http://doi.org/10.1103/RevModPhys.81.109
http://doi.org/10.1103/RevModPhys.81.109
http://doi.org/10.1021/ja5033327
http://doi.org/10.1021/ja5033327
http://doi.org/10.1021/ja5033327
http://doi.org/10.1021/ja5033327
http://doi.org/10.1021/ja5033327
mailto:721lg@jxnu.edu.cn
mailto:721lg@jxnu.edu.cn
mailto:bxu4@mail.ustc.edu.cn
mailto:bxu4@mail.ustc.edu.cn

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

S NFR SRR BTSN T B
WFx MR XRRAE B& RMERXE HEE HK
Electronic structures and molecular doping of germanane regulated by hydrogen vacancy clusters

Yang Zi-Hao  LiuGang Wu Mu-Sheng  ShilJding  Ouyang Chu-Ying Yang Shen-Bo  Xu Bo

515 &, Citation: Acta Physica Sinica, 72, 127101 (2023) DOI: 10.7498/aps.72.20230170
TEZE RT3 View online: https:/doi.org/10.7498/aps.72.20230170
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

ST IR R TR A ke iz P £
Effects of oxygen adsorption on spin transport properties of single anthracene molecular devices

WIFAEA. 2020, 69(24): 248501  https://doi.org/10.7498/aps.69.20201028

BRI (Y CoPe J3 TR MBS
Adsorption of CoPc molecules on silicene surface

PrPReEd. 2022, 71(4): 040501 https://doi.org/10.7498/aps.71.20211607

LR IBIR AR Zn O FE A R 02— PR B3 5 01 HUsE s B

Properties of vacancies and N—doping in monolayer g-Zn0Q: First—principles calculation and molecular orbital theory analysis

YIBR2EA. 2019, 68(24): 246301  hitps://doi.org/10.7498/aps.68.20191258

A3 I B AT JEG 81 2 B 1 P, 5454
Effects of organic molecule adsorption and substrate on electronic structure of germanene

PPz 2021, 70(6): 063101 https://doi.org/10.7498/aps.70.20201657

NI FRE K Wl A R R 1 I 4 7 B2 3 R B TR
Density functional theory calculation of structure and electronic properties in N—-methane hydrate

YrH2E 4. 2019, 68(16): 169101  https://doi.org/10.7498/aps.68.20182230

T4 Janus 5 R A LR

Electronic properties of two—dimensional Janus atomic crystal

WIEEAEAR. 2021, 70(2): 026801  https://doi.org/10.7498/aps.70.20201406


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230170
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20201028
https://doi.org/10.7498/aps.71.20211607
https://doi.org/10.7498/aps.68.20191258
https://doi.org/10.7498/aps.70.20201657
https://doi.org/10.7498/aps.68.20182230
https://doi.org/10.7498/aps.70.20201406

	1 引　言
	2 计算方法与细节
	3 结果与讨论
	3.1 锗烷中的氢空位簇
	3.2 脱氢锗烷上的TTF分子吸附
	3.3 输运特性

	4 结　论
	参考文献

