#39% 41 T WL H OB 2R Vol. 39 No. 4
2024 4 H Journal of Inorganic Materials Apr., 2024

FRILX DOI: 10.15541/jim20230392

AR LEENEMERZSER: E—HREHE

IHE, kBT T B K RS BALL BB A BL B FO
(L FEMRAF AL, L 100176, 2. LFEIRF LFHALTFR, b7 102488, 3. T EAFRE R
IR BERB R, P Ao PTIAALPT, K] 518055, 4. A RELEXF HARKLSHHRRBRAETEEE
£, "R 150001; 5. dbE 424 AL, LK 100190)

B FRAMEASNIA S ARG T — N E ST, 1 AR SRR A KRS 20 2 1K
e it &R KEREN 35 FTIEE, B T ERIA AL AR TE LS RTT. 2R,
RIMTEAZ SRR . 5 NI S E A A S — R R AR 57 A TR ) 1) RS 75 B A KTy A ) B 45 T M
B o A FEET G 22 TR AR D @ WA B (T SE RO SE TEAZ 5 AR KO — S ), M 35— 1k JR B 5B 7 R
FEX SR TR AR IT T RFIR T AT FEE R T : C B TAE Ir Ao o8 2 T oL s W B ELAE (A AR oz W P B RS,
RITARIE KA T SRR AL N BEEARF T R A, B &b E A AR @A RE b sp® 244k C IR A% & 7
ZI) BE (38 TN 2 BLSE I G s AR, TESE T WA R AAAE — s M T Eh R S R RN E D N
A 0 A JERAME A KB ST 45 A BB 51 (20 9—0.58 eV/C), RWR A JhIH 45 & RE A2 Ve SN TEAZ AR K i R B 2
PR 2R o A TC 1) W] 7 i s A B 128 1S it < WA B B AN SE A R A 2 LR, 6 T B e WA S L B o 34k
ARAAEEZ L.

X OB W &N RBUNE, EREK, Bt difhe

FESES: V19 XERER: A XEHS: 1000-324X(2024)04-0416-07

Heter oepitaxial Diamond Nucleation and Growth on
Iridium: First-principle Calculation

WANG Weihua!, ZHANG Leining?, DING Feng®, DAI Bing®,
HAN Jiecai®, ZHU Jiagi®, JA Yi', Yang Yu®

(1. China Aerospace Science and Technology Innovation Research Institute, China Aerospace Science and Technology
Corporation, Beijing 100176, China; 2. School of Chemistry and Chemical Engineering, Beijing Institute of Technology,
Beijing 102488, China; 3. Faculty of Materials Science and Engineering/Institute of Technology for Carbon Neutrality, Shenzhen
Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China; 4. National Key Laboratory of
Special Environment of Composite Technology, Harbin Institute of Technology, Harbin 150001, China; 5. Beijing Institute of
Control Engineering, Beijing 100190, China)

Abstract: Heteroepitaxy provides an effective path for the synthesis of diamond wafers. After more than 20 years

Wi B H: 2023-08-30; Y Zf&eafm HHEA: 2023-11-06; M4 HAMRHE: 2023-11-28

EETE: B HE Sk TR (2020Y FA0709700, 2016Y FE0201600); [ 5% [ 4Rl 2 3 4 (52072087); | 74 & AW & %I
(2020B010169002); B J% VT4 H SR Fl % 3 4> (Y Q2020E008); H e imi 152 JE A BF b 4% %% % 11 % 4 (HIT.OCEF.
2022048
National )Key R&D Program of China (2020Y FA0709700, 2016Y FE0201600); National Natural Science Foundation
of China (52072087); Guangdong Key Research and Development Program (2020B010169002); Heilongjiang Natural
Science Foundation (YQ2020E008); The Fundamental Research Funds for the Centra Universities
(HIT.OCEF.2022048)

EE BN £1H4R(1992-), B, # 1. E-mail: weihuawang2011@163.com
WANG Weihua (1992-), male, PhD. E-mail: weihuawang2011@163.com

BEEE: T 1%, #4%. E-mal: f.ding@siat.ac.cn; f{ &, ##%. E-mail: daib@hit.edu.cn
DING Feng, professor. E-mail: f.ding@siat.ac.cn; DAl Bing, professor. E-mail: daib@hit.edu.cn



5 4 30

of development, the diamond nucleation and growth technology on iridium substrates has enabled to prepare
crystals with a maximum diameter of 3.5 inches, which opens a door to application diamond as ultimate
semiconductor in the future chip industry. However, a series of problems that occur on heterogeneous substrates,
such as surface nucleation, bias process window, and diamond epitaxial growth, need to overcome from the
perspective of growth thermodynamics. In this study, aiming at the key issue how diamond can achieve epitaxial
nucleation and growth in chemical vapor deposition atmosphere, a simulation study was carried out on the
nucleation and growth process of diamond at the atomic scale based on the first-principle calculation. The results
show that the adsorption of C atoms on the surface of the Ir substrate is more stable than that on the bulk phase,
which indicates that diamond nucleation can only occur on the substrate surface. The number of C atoms of sp
hybridization in the amorphous hydrogenated carbon layer increases firstly and then decreases with the increase of
ion kinetic energy under ion bombardment, confirming the existence of the ion kinetic energy or bias voltage
window in the high-density nucleation of diamond. The interfacial binding energy is the lowest (about —0.58 eV/C)
when diamond is epitaxially grown along the Ir substrate, meaning that the interface binding energy is the decisive
thermodynamic factor for the epitaxial growth. In conclusion, this study clarifies the thermodynamic mechanism of

single crystal diamond epitaxial growth under the bias-assisted ion bombardment, and points out a great significant
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guidance for the growth of diamond and other carbon based semiconductors.

K ey words: diamond; heteroepitaxy; nucleation and growth; first-principle; binding energy
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Fig. 1 Adsorption modes and behaviors of C atom on Ir substrate
(a) Adsorption modes of C atom in octa-site (O), tetra-site (T) and subs-site (S) of the surface; (b) Adsorption energy when one C atom is adsorbed
on different sites of Ir substrate; (c) Adsorption energy variation of C atoms adsorbed on different depths from Ir (001) surface
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Fig. 2 Bonding types of C atoms after the CH;" ion bombardment with different ion rates
(a) 0.005 nm/fs; (b) 0.011 nm/fs; (c) 0.019 nm/fs; (d) 0.025 nm/fs; (€) 0.030 nm/fs; (f) 0.035 nm/fs
Atoms with the atomic size from large to small representing Ir, C and H, and C atom with the color from blue to red representing
the bonding number of C atom from 0 to 4. Colorful figures are available on website
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Fig. 3 Structure of cluster model of diamond (001) and Ir
(001) surface as a function of the alignment angle 6=0°, 10°,
25° and 45°

When 6 are 0° and 45°, the in-plane orientation relationships are
diamond(001)[010]//1r(001)[010] and  diamond(001)[110]//Ir(001)[010],
respectively
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Fig. 4 Binding energy for the diamond-Ir system as a function
of the alignment angle ¢ (a), and SEM surface morphology of
diamond grains on Ir (001) surface (b)

No.1-4 represent grains with different sizes and shapes
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