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Fig. 1. Schematic diagram of the cell for diamond HPHT
synthesis: 1, conductive ring; 2, dolomite; 3, graphite heat-
er; 4, pyrophyllite; 5, carbon source; 6, catalyst; 7, seed

crystal; 8, insulation materials.

il RS, RS A e NA R
B IR AR T B, TR EE A 1 D B
Bl 2 s, YA S AT, 6 g d/2
Qb I e v, Tl A v T A7 ) 1 i R B % W AR
K. B HE fik 05 1) 350 Rt o 22 TR R 2 7= A T
25 At T A B HAG — 2 R Ad, T2 75 filh
HRERY) b B RURF i 2 (B A TR ERREE At/Ad, BD
SRIA R RA KRR ). E S AT, &b
F e il A1 SR ST AL AR, AR RS B A T
PR 75 P st A o ) e 2% A TR BBE AP B2 1) K
)T Wi iz BRI o PRS- v R TR T 7E R 1m0 A
W 5 ST [0 (0 4 B ARIVRAR D 1) 3% S T T 552 300 46 M)
AR

it BT 0 LB (5 ) B R I L (7
P, TG RO T WE i B 26 B (B, T1, Ba) —
i FH R DD 05 28 ADRHEE B R B T RS U5 K

080701-2


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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 8 (2025) 080701

T IO 1 s 58 98 B R GE il R Z ) A 5 R EA T AR 2.
e ik e RS A LA B A A fk DA
WA AP P EGE, Z 5 R A E TR AR kA
EaNIAEE S . AR5, KraNla R iAE
TUbHE R AP, RS HAR R &,
W4 WA A ZE IR K o A AR ] 5 min, BT S
friliak. S T RSP A e WA R TERE, ATSE
3 AR 51T Raman Y63 (Renishaw/
InVia), FTIR Y% (Bruker Optics/IFS Hyperion
3000 M) K, 1A R R0 I A A9 = AL BUR
75 J=5 ET9000 £ 41 iz 1 e ik &R 4, I
A 4 > H AR T BE X 50 b R A 4 NI R Y
(111) i k.

> t/C

2 REMEERER
Fig. 2. Schematic diagram of the temperature gradient ge-

nerated.
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Fig. 3. Optical morphology of the synthesized diamond
crystals: (a) Without any additive; (b) with 0.01 g B,S; ad-
ditive; (c) with 0.03 g ByS; additive; (d) with 0.002 g B,S;3
+ Ti/Cu additives.
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£1 BRIAERERSE

Table 1.  Experimental parameters for diamond synthesis.

SRR, B,Ss/g B RUREE/C AR A /h iz AR/ (mg-h 1)
1 — 1330 21 VAVANIILEN 2.19
2 0.01 1330 21 VAVANIILZN 1.98
3 0.03 1325 21 VAVAVIIZN 1.83
4 0.002-+Ti/Cu 1335 21 VAVAVIILZN 1.26
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Fig. 4. Raman spectra of the obtained diamond crystals.

# 2 AN R Raman MRS R
Table 2.  Raman measurement results of the synthesized

diamond crystals.

SNIERES FFEEA /eom ! FWHM/em™ )% J1/MPa

1 1330.9 5.3370 382
2 1330.9 5.3175 382
3 1131.0 5.4276 347
4 1330.4 5.2285 555
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Fig. 5. FTIR spectra of the synthesized diamond crystals.

#3 ENaRmstEES

Table 3.  Electric transport performance parameters of the obtained diamond crystals.

s B,yS;3/g AR/ (Q-cm) R FUREE fem™ EBE/ (cm2vs) F
1 _ _ _ _ _
2 0.01 8.98x10 6.63x10" 1.05x10? P
3 0.03 4.54x10 2.81x10" 4.88x10? P
4 0.002+Ti/Cu 4.33x107! 3.39x 1016 4.25%10? P
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Abstract

Diamond is a kind of extremely functional material, which is widely used in the fields of industry, science

and technology, military defense, medical and health, jewelry, and others. However, its application in the
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semiconductor field is still limited, because its electrical transport performance has not yet met the requirements
of semiconductor devices. In order to improve the electrical transport performance of diamond as much as
possible, the synthesis of diamond single crystal is studied by adding B,S; to the synthesis system using
temperature gradient growth (TGG) method at a pressure of 6.5 GPa in this work. The growth rate of the
synthesized diamond crystal decreases from 2.19 mg/h to 1.26 mg/h, indicating that the growth rate of diamond
is dependent not only on the growth driving force, but also on the impurity element in the synthetic cavity.
Additionally, with the increase of additive dosage, the color of the synthesized diamond crystal changes from
yellow to baby blue . Raman measurement results indicate that the obtained diamond appears as a single sp?
hybrid phase without the sp? hybrid graphite phase. However, the corresponding Raman characteristic peak of
the as-grown diamond crystal is located at about 1331 cm ! and tends to move towards low wave number.
According to Fourier Transform Infrared Spectrometer (FTIR) measurement results, the absorption peaks at
1130 cm™! and 1344 cm™ are attributed to nitrogen defects. It is found that the nitrogen defect concentration of
the synthesized diamond crystal decreases gradually from about 300x106 to 60x10°6. Furthermore, the
electrical transport performance of the synthesized diamond is characterized by Hall effect measurement.
Diamond has insulating properties due to the absence of any additives in the synthetic cavity. However, the
results indicate that when B,S; is introduced into the synthetic system as additive, there is almost no difference
in carrier Hall mobility, but the difference in carrier concentration is as high as two orders of magnitude.
Furthermore, the resistivity of the synthesized [111]-oriented diamond crystal decreases to 45.4 Q-cm, due to the
addition of BySs to the synthesis system. However, it is worth noting that the resistivity of the diamond crystal
synthesized with 0.002 g B,S; and Ti/Cu additives in the synthesis system drops sharply to 0.43 Q-cm.
Therefore, the nitrogen defects in diamond will have an important effect on its conductivity. It provides an
important experimental basis for applying diamond to semiconductor field.
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