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Fig. 1. Schematic of the cell for diamond synthesis (1, con-
ductive ring; 2, graphite sheet; 3, NaCl tube; 4, ceramic cyl-
inder and cover; 5, graphite heater; 6, catalyst; 7, carbon

source; 8, insulation tube; 9, seed crystal; 10, pyrophyllite).
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Fig. 2. Optical images of diamond synthesized in FeNiMnCo-C system.
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Table 1. Parameters of the synthetic experiments
of diamond performed at 6.5 GPa in the FeNiMnCo-
C system.

Sample B/%  S/% hLEE/ C Bt
(a) — — 1280 A
(b) — 2.0 1280 HA
(c) 1.2 — 1280 WA
(d) 1.2 2.0 1300 R
(e) 0.8 2.0 1290 Hh
K 2(c) B B, BAA X EUZ Tl A2

LW R, B A OS2 R SIR 2
. AR R P BN 2.0% G 1.2% B,
Frifil e A WA LT 280 B, R (111) ST
S AN, 1 (100) dhIESD, BABRIES. 46
B R RS T 2.0% R A 0.8% FIBIET, Br &
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rm AR 22 T LAY 7S- N HR, anfE 2(e) Fis.
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BN R P AR AT IR, R R A T
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Wl T 847 em ! Ak ). Ry T AT G U Rl B 4% 4
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N AR I L3 2R (a) B 1130 cm ! Ak B W 0o
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Fig. 3. FTIR spectra of diamond co-doped with B and S:
(a) With 1.2% B and 2.0% S additives; (b) with 0.8% B
and 2.0% S additives.
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Table 2.

Electrical performance parameters of the diamond samples measured at room temperature ((a) without B or S ad-

ditives, (b) with 2.0 wt.% S additive, (c) with 1.2% B additive, (d) with 1.2% B and 2.0% S additives, (e) with 0.8% B and

2.0% S additives).

Sample HLBH /Q-cm TS Jem™ TFHE /cm2V-1s! Hall %L
(a) >108 — — —
(b) 4.417 x 10° 5.383 x 10° 262.853 -1.151 x 10°
(c) 3.665 x 10° 1.364 x 101 125 4586 x 104
(d) 8.510 6.652 x 10 760.870 6.475 x 103
(e) 1.262 x 106 8.738 x 100 56.680 -7.153 x 107
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Fig. 4. Band structures of the synthesized diamond: (a) Without B or S additive; (b) with 2.0% S additive; (c¢) with 1.2% B and

2.0% S additives; (d) with 0.8% B and 2.0% S additives.
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Synthesis of diamond co-doped with B and S under high
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of the synthesized diamond®
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Abstract

As is well known, diamond is extensively used in many fields, because of its excellent properties, such as its
hardness, high thermal conductivity, high electron and hole mobility, high breakdown field strength and large
band gap (5.4 eV). However, its application in semiconductor area needs to be further understood, because it is
irreplaceable by conventional semiconductor materials, especially in the extreme working conditions.
Furthermore, the preparation of n-type diamond semiconductors is still an unsolved problem. The reason is that
an effective donor element has not yet been found. Recently, both the theoretical and experimental studies show
that it is difficult to obtain n-type diamond semiconductor with excellent properties by doping single element in
the synthetic system. In this paper, diamond single crystals co-doped with B and S are successfully synthesized
in FeNiMnCo-C system at a pressure of 6.5 GPa and temperature ranging from 1280 °C to 1300 °C, by using
temperature gradient method. The impurity defects in the synthesized diamond single crystals are characterized
by Fourier infrared absorption spectra and the results indicate that the corresponding characteristic absorption
peaks of B and S are located at 1298 cm ' and 847 cm !, respectively. Furthermore, the absorption attributed to
B-S group is not detected. The N concentration of the synthesized diamond crystals decreases to 195 ppm,
resulting from the incorporation of B and S impurities into the diamond lattices. Additionally, the electrical
properties of the typical diamond single crystals are measured in virtue of Hall effects at room temperature. The
measurement results display that the electrical conductivity of the diamond doped with B is obviously
enhanced, resulting from the involvement of the S when B addition amount is fixed in the synthesis system.
Hall mobility of the corresponding diamond crystals increases from 12.5 cm 2V s to 760.87 cm 2-V 1.s1. And
then, the relative proportion of S and B will determine the p/n properties of the obtained diamond. In order to
further study the electrical properties of diamond, first-principles calculations are adopted and the theoretical
calculation results show that the impurity elements involved in the obtained diamond can affect the band

structures of the synthetic diamond crystals, which is consistent with the experimental result.

Keywords: high pressure and high temperature, co-doped, diamond, electrical properties

PACS: 81.05.ug, 81.10.Aj, 07.35.+k DOI: 10.7498/aps.68.20190133

* Project supported by the National Natural Science Foundation of China (Grant No. 11604246), the Natural Science
Foundation of Guizhou Province Education Department, China (Grant No. KY[2017]053), the Natural Science Foundation
of Guizhou Province Science and Technology Agency, China (Grant No. [2018]1163), and the Outstanding Young Science
and Technology Talents of Guizhou Province, China.

1 Corresponding author. E-mail: zongbaolil982@163.com

098101-7


http://dx.doi.org/10.7498/aps.68.20190133
mailto:zongbaoli1982@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

