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Fig.1 HFCVD system (a) photo of the HFCVD reactor and (b) the schematic of the system
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Table 1 The parameters of diamond thin film deposition
Technology Parameter
Filament temperature t/C 2300 =100
Spacing between sample&
9 =1
filament d/mm
Substrate temperature ¢/ °C 600 ~ 900
CH,/H, ( volume percent) 1 ~5
Total gas flow ¢,/mL * min ' 10 ~ 100
Gas pressure  p/Pa (7 ~70) x10*
Reaction time ¢/min 30 &90
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Fig.2 XRD pattern of the diamond films
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Fig.3 SEM images of the diamond films
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Fig.4 SEM images of deposited diamond films under different reaction time (a)30min, perfect IDC (b) 90 min, IDC with dimples or grooves
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Fig.5 Schematic diagram of C,,H,,’s structure
(a) Ball-stick model of C,y,H,,(b) Ball model of Cy,H,,
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Fig.6  Ball model of IDC growth by MS Modeling program

simulating. Surface H atoms are not given for brevity
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Fig.8 (a) Schematic diagram of normal twin structure in TCP

(b) Crystalline structure ofnormal twin in TCP
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Fig.9 IDC nanoparticle, simulated by MS Modeling program,
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Table2  The numeric value of the C—C bond length between {111 },; DTP in IDC
Atom-cluster Bond length /nm
— - = 4] i A + N L +

CyHy 0.155

CioHgp  0.153  0.156

CoHiyy  0.150  0.155  0.156

CeoHage  0.149  0.153  0.155  0.155

Ci100Hspo 0.148 0.152 0.154 0.155 0.155

Cig20Huzo 0.147 0.151 0.153 0.154 0.155 0.155

Cago0 Hseo 0.146 0.150 0.152 0.153 0.154 0.155 0.155

Cyoz0Hroo 0.146 0.150 0.151 0.153 0.154 0.155 0.155 0.155

Cs700 Hogo 0.145 0.149 0.151 0.152 0.153 0.154 0.155 0.155 0.154
Cr00Hpj0  0.145  0.148 0.150 0.152  0.153 0.153 0.154 0.154 0.154 0.154
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Fig. 10  Crystalline structure of {111 };;DTP in IDC,

the line om indicates the DTP
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Fig. 11 The vary curve of the C—C bond length between
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Fig. 12 Three sub-types of the IDC with were simulated by
MS Modeling program IDC with grooves (b) IDC with
dimples (¢) IDC with dimples & grooves
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Formation of an icosahedral diamond crystal and its computer simulation

YU Zhi-ming'”*, WEI Qiu-ping', YE Jun', A. Flodrstrom’
(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory for Powder Metallurgy, Changsha 410083, China;

3. Royal Institute of Technology, Vahallavigen 79, SE-10044, Stockholm, Sweden)
Abstract:  Icosahedral diamond crystals (IDCs) were found in chemical vapour deposited diamond by a field
emission scanning electron microscope, using. YGI13 (cemented tungsten carbide containing 13% of Co) as a
substrate. It is found that the nanometer sized IDCs are in the shape of a nearly perfect icosahedron and the mi-
crometer sized IDCs are in the shape of a icosahedron with dimples or grooves. A simulation on atomistic scale is
performed by assuming a nucleation — growth model in order to elaborate the mechanism of IDC formation. Re-
sults show that the nucleus of IDCs is dodecahedrane, C,,H,,. For the tetrahedral cubic packing, the dihedral an-
gle of {111} facets of IDCs is 2. 87° larger than that of the normal {111} twin plane. The geometric position of
the bilateral atoms on the {111} twin plane of IDCs is mismatched, resulting in a distorted twin plane ( DTP) in
IDCs. The high energy of DTP induces the dimples or grooves that occurred in IDCs.
Keywords: CVD; Diamond; Icosahedron; C, H,,; Computer simulation
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