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Fig. 1. (color online) The schematic diagram of the cell

B
Fl; 7,

for diamond growth: 1, Graphite heater; 2, insulation
tube; 3, metal catalyst; 4, ceramic cylinder and cover;
5, carbon source; 6, conductive ring; 7, pyrophyllite;

8, seed crystal; 9, copper sheet.

W Ed, R X E I Ul Perdew-Burke-
Ernzerhof 7732 4b 2 My ¥ [A] (1) A2 40 G BE e, 72131
M O 25 8], v BT R FH B TH U T BE 400 eV,
Monkhorst-Pack 5F5k K siN4 x 4 x 4. 1E&&H,
4 B/N fH JH1300E T 840455 Kim bl
BaA. NEEIREB A E, KA REEX A
FB 43T T e, HARXN
Etorm = E(doped) — E(pure) — m - un
—n-up +v- Hc,

Hr BENERREREE; p AR TREE; m, n Flo N
BAB AR T HL

3 £RET®

S RIA B R S B 7 [ 5 IR FE 1600 KA
716.0 GPa FREAT I, BT & B & 4k o 1 2 B,
M 2 il LUE B &NIERE S (a), (b) B (c) #42
(111) v d T )\ TR TE S, 1M (100) SR EES /N
ZOHER. PR () 2PN TG, HHIE 2
F T R 2R Hp o DA 3 G 11 S0 2 Tk N 4 W1
R, 244 AR & b 5N BT 4 i 4 A
A FTINE, W2 (b) fios. A0, 46 ik R
TERRA I AR R4 N [F B IR I AR, B ik

K2 (MTIRE®) FeeaNize-C 14 5 T & WA 17
B (a) TG (b) #I10.06 wt.% Wik, (c) N
0.06 wt.% B 1 0.1 wt.% LiH $

Fig. 2. (color online) The optical imaging of the dia-
mond obtained from FegqNize-C system: (a) Without
any additive; (b) with 0.06 wt.% B additive; (c) with
0.06 wt.% B and 0.1 wt.% LiH additives.
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Fig. 3. (color online) FTIR measurements of the
diamond obtained from FegsNize-C system (b) with
0.06 wt.% B additive and (c) with 0.06 wt.% B and
0.1 wt.% LiH additives.
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Table 1. The electrical properties of the samples mea-
sured at room temperature, (a) without any additive,
(b) with 0.06 wt.% B additive and (c) with 0.06 wt.%
B and 0.1 wt.% LiH additives.
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F2 ARBRIEATRIERGRE, BN 5 BN RITWEH, B-N &R B N I WL
Table 2. The formation energies Fi,.,, of different doped diamond. BN represented that both B and N

atoms were the closest, B-N represented that B and N atoms were not the adjacent in diamond structure.

B/N codoped

BNaC B-NaC BN@Vacancy B-N@Vacancy

Eform 3.696 5.297 1.039 2.344

H doped BN@Vacacy

H1 H2 H3 H4

Eform 1.4359 —0.5077 —1.5251 —1.4973

PDOS/arb. units

6™
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Fig. 4. The band structures of the diamond: The left is B and N co-doped while the right is B, N and H

doped ones.
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Fig. 5. The partial density of states of diamonds: (a) was B and N co-doped while (b) was B, N and H

co-doped ones.
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Abstract

Diamond is well known for 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 €V), which has been extensively used in many fields.
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. In order to obtain diamond semiconductor with
excellent electrical performances, diamond crystals co-doped with boron (B) and hydrogen (H) are synthesized in an
FeNi-C system by temperature gradient growth at pressure 6.0 GPa and temperature 1600 K. Fourier infrared spectra
measurements displayed that H is the formation of sp® CHz-antisymmetric and sp® -CHz-symmetric vibrations in the

! and

obtained diamond. Furthermore, the corresponding absorption peaks of H element are located at 2920 cm
2850 cm ™!, respectively. Hall effects measurements demonstrated that the co-doped diamond exhibited that p-type
material semiconductor performance, and the conductivity of the co-doped diamond is significantly enhanced comparing
tocompared with the conductivity of the B-doping diamond. The results indicated that the Hall mobility mobilities is
nearly equivalent between B-doped and co-doped diamond crystals are nearly equivalent, while the concentrations of the
carriers and conductivity of the co-doped diamonds are higher than those of the B-doped diamond crystals. It is also
noticed that the nitrogen concentration of the co-doped diamond decreases obviously, when the H and B are introduced
into the diamond structure. Additionally, the change of the conductivity is investigated by first-principles calculation.
In the B-doping diamond, two impurity levels are located in the forbidden band with small gaps. These impurity states
above the Fermi level can trap the photo-excited electrons, while those below Fermi level can trap the photo-excited
vacancies, improving the transfer of the photo-excited carriers to the reactive sites. With the H co-doped diamond, the
two impurity states moved to the valance band maximum and merged into each other, which extends the valance band
and improves the charge transfer efficiency. From the perspective of energy band, for the co-doped of B and N atoms
co-doped diamond, the impurity states are contributed by N/B-2p states while the overlop and splitting of N/B-2p in
the band gap appeared. For the H co-doped diamond, the splitting of the N/B-2p states vanishes and shifts to the lower
energy level, which was due to the fact that the excess charge transferred from N to H. The calculation results above
are in qualitatively agreement with experimental results. We hope that this investigation would be meaningful for the

application of diamond in semiconductor field.

Keywords: diamond, co-doped, high pressure and high temperature, conductivity
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