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Fig. 1. Schematic diagram of temperature gradient method.
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Fig. 2. Distribution of temperature field in different stages of diamond crystal growth: (a) 0.5 h; (b) 6.5 h; (c¢) 10.0 h; (d) 13.0 b;

(e) 17.5 h; (f) 23.0 hi%,
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Fig. 4. Curves between the limit growth rate and the syn-

thesis time of the high quality diamonds with different diamet-
ers of the seed-crystals: (a) 0.8 mm; (b) 1.5 mm; (c) 2.2 mmP2.
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(a) 2.0 mm; (b) 2.4 mm; (c) 2.8 mm®
Fig. 3. Distributions of convection field of the catalyst with three different heights: (a) 2.0 mm; (b) 2.4 mm; (c) 2.8 mm/®.
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Fig. 5. Schematic diagram of the V-shaped growth region of large diamond single crystals grown on different growth surfaces®7.
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Fig. 6. Schematics of A-centre(left), B-centre(middle), C-centre (right)®*!.
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Fig. 7. The microscopic photographs of surface centers and angularities of type Ib single crystal diamond synthesized at different

temperatures*: (a), (a') 1250 C; (b),(b") 1280 C, (c), (c') 1310 C.
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NI NV L T 9 R 4 WA 7 [ 725 - 9
BN (] 8). PRI Tb B 4 WL iy NV 0 )
W5 T Z M. NV @0 2R i as bl
UL S PR NVO A IE AT Y NVHRI B
R NV, Hp s 2 NV, B850, 5
BOEZSSE AR T B E A, 1l Y B
) e 4 SO EUE €, RERE X A AR NV 8,
O (Bl 8)H5461 Chen 45 BT T 5846 A& & 80 ppm
DI B, BEE A S a3 NV 3, A58
i 80 ppm B, i & & AN NV /D, HE
1£ 372 ppm B ANE]. Chen 55 U8 YR, 1R
SRS Ib RIS RIA KBS NV k4 TH
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K8 &WIA NV EALHH

637 nm
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+1, -1
0

1A,

+1, —1
}3A2
0

NV-

(a) NI RNV @O ETZ5H; (b) NV 0.0 B BES /R B 14 1

Fig. 8. Introduction of the NV center in diamond: (a) Schematic of the NV center structure in diamond; (b) energy level diagram of NV,

Ak, B KT EAE 16801840 °C B, B A Al
NVO I NV (@00 W BE 38 A0, 24 95 B 28 8 =
22060 °C B, NVO F1 NV (8.0 W00 B Y b, B
FERIAE].

SRIA A BERNBEESG A G | iR K
SRS T RSN A iR B A S Rk, ™
A BB G . 4 L R ER E 23 ( 4 MIA A 2%
TR S HERE AT, T E R & WA . Han
LV IS T A AR XY (100) HiFE FeNi-C
ARG A R Tb B4 WA R rP A AR A5 ).
5T R A M P I 48 Fe, Ni &4 XL &Y
(FeNi)y3Cg Ml NigC iR BRI EZL LY. U (100)
T AE RIS, 78V IR X A IR XA R Al ) A
V% B A ARCIR T 25 5 1R A5 T AR I 18
Th 70 4 W4 A B T 8 T DX A= A sl T ol g A= <
R AT IR Ak 25 25 th I A, 421
AR R A0 B AR IR 22 T T RE R O
T . 2018 4F, M 7 545 PO XF 84T TR
5%, $8 A RIA KB G PR ) RSB s
W, FEAER AT, RINGZ KR T 2 He08 A A5
RAAR S T [ R ) B

TSR SR PR 5 | R 55 A iR
Bps, FEERE HPHT F& M eNa it 7
FE I 3 T R0 ) 23 A7 FVOW AR I 5 | R (R PN g . s
FT i 2 T () BB BE A A SO R AR & i & WA i
W Y 2 . 3 S R AR B AT AR HPHT
R Al 0051,

323 HBELLEFR
1 HPHT R A 804 WA R A IR RS 1 v

ol G A RN, AR AN B e ey BT
SR BRRIE, T LLE NI A AL SRS A1 a2 i S
Br iy, 32 < W7 B A A A AN R B S B2,
J A SCAE: 5554 Xof A fi A B2 BT LR 2R AT T
FE. HTE R WA A i s R AR A WA Y
PRRIH BE R T A SR AR BE, 24 M BRI R P ik
AR BE BRI, BRI 23 BT WA (BIIET 9 v
HAR®). AR RIS AR R R - AR AR & v
<5 WA RS DI R AT 46 M A7 2 AR AH P i 2
AR, <5 M7 PR AL IR B2 2 ML SR AR, R,
B AE AR A2 184 WA 1 ] Pt A — 8 43 A7 H P45
s (RIIET 9 it 2 Q) ikt HH-4% fi SR AU AT
B PEE5 A7 S5 A BN 48 M DR B A A 4™
AN, Rl BE 1 oo T ) B WA & A
WL AR n] LUHBRFEE S 26 (K9). 58
R EE BB, 3 s AR AT LAIH R RIa A ki
7 A X B it AR BBOCA DL Th B G WA K B
A AR B TR

Regrown graphite
solubility curve

A
Diamond solubility
curve

Diffused carbon
source

Temperature/K

Concentration of carbon in molten solvent

B9 PGS AT 2R 2 P
Fig. 9. Formation mechanism schematic diagram of regrown

graphite 5.
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324 SahfEkmE s

T A A M (B )12 IR & S [ =
ZST AL, Bl 7S i TR L& R Y & R,
FHRE 45 NI B i AR i K. TikEF HPHT
B IR A ) A WA BRI, B IR N B
BB 4 ML R T A BCRARR, XELL LB ™
v Ak, BRI, AR 2 i B 4 NI o g
M.

2008 4, B [E B 5 0 TR AR 0 £ Al ik B 4
IV B A R BE U TIFSE. 2013 4F, 38184 B0
K2 R, IRR L AR A L4 NI B R
TELBE IXR), BRR S RENS & B 228 i T B
BB NI bR, XA RS 2] T A
1o AELTR] — s (A R A 1 22 10 4 R Bt 4 R
FEFEMSTAE R, 7T RES SR TSR BT T AT B
NIRRT AT O, B0 X — IR G T B A
SUALBEUEA THRST . XSRS RE 0 G i T fiff 22 db ik
B AR AR, S RIE Tk A s
PEALRTREME. B 22 5245 B AR R I & s R N Y
T Y S MR, e S B 2 AR AL B A K
3 mm 2% Ib B 5 4 KA 20 . Han 25 67 %31 T
BRSO i A, SAEGEN T s RS A L, B
ST 7 1o PRV A8 FE U AR B8 37 T 1o R 58 1) o
TR S, I B A WA (1 A

Pyrophyllite

(a)

142.609

337.141
Insulating Graphite 531.672
ub I 726.203

ube disc
920.734
8.5 mm 1115.27

Graphite
1309.80
tube
I 1 1504.33
nsua 1698.86
1893.39
Steel cap
(b)

Pyrophyllite 141.950
390.944
Ieulati 639.938
ns: {“)“ng raphite 888.932
ube : ! disc 1137.93
16 mm ’ | 1386.92
Graphite | 1635.91
tube 1884.91
2133.90
2382.89

Steel cap

HE B (1] 10). Abbaschian &5 B 81 138
RUIMTEE, WA R A S WA SR A T ol
PERE. 22 RREEAS IO R WA R B i S B Rl
PR B 27 ) 22—, A TFITTEE XA T IR
ABIBFIE.

3.3 Ia#ENIAKER

ITa BRI A2 A ERAL (VN T 1 ppm), o,
P 5 2 118 % o R A i LA AR R B 4
J, P, Tla B4 RIA AHLAK . PRI R KR
1. IS I 2B R A e AR Tl AR E B AT Y
Iz W . Ta BN A KT ER IR A,
PR A KR E R T 280 4 WA P8 A T N sy Z1.
T A R T Tha 84 A R BAL Y | R 2030 A fh
LAiSprese] S
3.3.1  FRAFGYLF

XFIo Ha BIERIA KM A, BREE
BRI R R, XHELRIASEER
FEE/NT 1 ppm FUESR . S Ta B4 WA A i
fib b A 4 TR PR U, X 4 T AU g AR R
ARG s A b i bR 2, A B 1R EE R B
TBRIZR 5 158990, AT T B4 KA R, A R
JoT Ta A4 WA A9 AR B S5 R AIR, SRR A B ke
SRR L. BREFIA AL Ti(Cu), Zr 55, Hrf

1137.94
1232.38
1276.83
1321.27
H 1365.72

1410.16
! 1454.61

1499.05
i 1543.50

1587.94

Sample

1180.80
1260.38
1339.97
1419.55
1499.12
1578.71
4 1658.30
1 1737.88
l 1817.46

Sample cell assembly 1897.04 Sample

F10 A Al A A AT (20 30 20 ) IS (AL 20 A T B R I (2 820 )BT () f6 58 CHPA B IE AR 4L 3R AT (b) 7 2L

CHPA Hf i i e 20 2 %]

Fig. 10. Plots of the sample cell assembly (in the left half) and the distributions of cell temperature as well as the enlarged figure (in

the right half) F7: (a) The sample cell assembly used for the conventional CHPA; (b) the sample cell assembly used for the novel

CHPA.
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ALFI Ti(Cu) A& 5 R H WL BR A AS R B A
I, BRENLBEA FrAS IR, X7 B RSO AN TR
FEA A NI B ST R 2R T, BB it b i
FRZEGH AL RN 2w A A AIN, [FES AIN 2% 4
Grffe. XA ALBRZETEAIIR, BI AL BIBR AL
RHARHAE, AR AL BTN 5 5 i AL
R, AHXARES 5 76 4 WA g A3 22 A 2 1A DT H
PR AT, Li 45 B8 PEANBFSE T ALFD N 4 5 i
B, HAb =R

Al +N < AIN. (1)
XURBATE B B WA 0 i s R AR T AL A At
5 N kAR R BN 2 AT 396 0. 33X R A N N T
ZER AN Al G RUEARP RO SARE, i
3 Al BR AR Z BRG] Ti(Cu) fERBREFIT
TAEPLERSE, 78 HPHT T~ Ti 1 N B A= i TiN,
FEF Tith a5 C R AER TiC, i Cu s 5
TiC KAA= N, 43 TiC, B Ti, ol A3
PRI Ta R4 WA B HAb~7 Oy R R 9:

Ti + N — TiN, (2)
Ti + C — TiC, (3)
TiC +Cu — Ti~ + Cut 4 C. (4)

ALl Ti(Cu) BREMLHEAR, —FHBRARRD
ANIFl. 2008 4F Li 2569 {58 Al F1 Ti(Cu) 7E NiMnCo
fil I A R ASCR, 25 R 3R] Ti(Cu) MIBRARCR
B SA T AL 2009 4F, Lysakovskii 25 61 ffF58 T Ti
Fl Zr 78 FeCo fil i B ANG O, BH5E3RU] Ti Fn
Zr RS IR 4 WA A9 f T A RS R AT W S 5
H Ti Mg/ T Zr, (HREIFERTE a B4 NI,
XYL Ti FBRARCRIL T Zr. 2T 1L, Ti(Cu) /&
B a A4 NG BRASCR S BR AR — Bk
Ui, Ti(Cu) fE Bk & B Ti A Cu B98I0 e 1N
1:1. Guo %5 I F58 T Ti Ml Cu A [a] L] & %

G NIA B, BFFE R Ti Al Cu 1y B & R
4:3 FHBEA UL Ta BU4 NG K. X AMF5E
ZERBWIREAL Cu ML, A FT6 iUC G005
ITa 4 NI .

3.3.2 fRAteyikF

W9 22 T T A R BR A& %G i T a
ARG WA R B B PR b, gt ) 4
XTI a BYGRIA A B dE AT 248, HPHT T
B A WA i A A AT R AR L R &R A1
1 NizgMnys;Cos, NigyCrag, FessNiygCoyg, FegyCoy
S5 ORI, 2017 4F Li 55 1) JEIT X A Ti(Cu) 1
B A, NiggMny;Cos Fl FessNiggCoyg 1E K I FH
ANTA] fid i 1 T 0 WA B A AR5, 45 2R 3R
WITE Ti(Cu) 1EABREN T BRELEE RS L NI
A AR T . X IR ZGRD Ta BG WA &
BRI T RS, Nk 1 FA).

3.3.3  fah B R

Ib AV G WA B SR A AR R0 R0 T 45
SFIG, 5L, Ta B4 WA RS 1 & RS
o IR T R RIS 2011 AFE 2 T4 IR
T Ib R WIA AR G Ha B EHIA, &
BRI ST L B0 T R R AR IR AT T
FTAE (B 11), FFR B OB RN RS A 55, X EEfy
A A7 B Y IR KRR T Ta Y 4 MIA B 1Y)
ARKEERE. 2017 4F, Li 4 B X AEK Ha BUENIA
KIS A S2 AT AL AT T PR wF
FEIANN, Ti(Cu) WIESINEAS T il e, 75
ARG, PR R T BRI A B 0 B
Jiti. AR A AR Tla B4R A 25 B 5 5L

R RFEARBERIER ZOR L5 B RO

Table 1.  Effect of different catalysts and nitrogen getter.

B A AR R RE
e, T ST S, R, TS e T e L 77 P ET T ———
Ti/Cult) R /N T ppm, BREGURIE (e LI 4
e, A AVINEEETTRL, BREACRR, ARSI R P ET I ———
Ti/Cul? BN pom, BREGHAU  FITa 477

T ST S, R, TS L T e L 77 PR
Zilo SO RN B B RO e
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JEOL SEI 15.0 kV X 3000

P11 R Tla BLG NI SR (0 7 S5 832K SEM [ (091
Fig. 11. The SEM photo of black powder at growing type
IIa diamond[63],

3.4 IIbBE£NAKER

KR b BN A i, B b B RIA
TP RR LS A B R JEAE R p B S
AR, PR, A TIb %04 WA B b B B9 i
ZRE, FEEPFMESNIA TS 50 KR
HXT RIS AL 2= PERE AT 5200 Blank 45 12 [
R A AL R & 528 (111) > (113) >
(100), H i EE T 45 I 2 i T, BB A a4y
IR G PN O R B A PAWAN TR N 6 AN TR N2
Bormashov!% Z£ % TGM & 1% 84 & i 15 0 4 M
AR I AR AT TSR, WFSR 45 SRR T
2 F A A | 23 708 B S IR R R iy
ARKIREY TS &R, BRI T A
IIb A& WA ()2 SR PERERF SR 5 2, (HX i
A 32 1) 4 I A LA B SRR I 5 3, Wl DIAE
KA Je 9 T

3.5 BEENAKER

TEE NIRRT IE AR FOT R, 23k
FE S A BN IERE. EN SR XHBAR &R
RGBT 2, % T HPHT &2 aNI
A RIFTTRD . SENIRAE A BT,

SWIA KRB T B At R 3%
£ B, N, S, P &%, X T4a WA KB FRUL, —BIT
A AN YR Ib AL BNBR &R A e A B
IMa B4 WA KA. RIS T B2 2 RIA KR
mm AT, BRAERESIULI, BT B 22 R 2 as
B b B & RA KRG T, B4R S
HMR RN RUAETE. S NIAE DL 24t &
Kl 12 fiR. BAIEAA BITR B MZEZ TR P
Bz, X T HITRBRBAFA LS YN
fily ZICEBIANBN =B, FEUNB N E.

B
N
LSV
S
P
NaN3 h-BN
[iasyy] FeS NiS
MnsP,
B 12 &RIABIITEN K

Fig. 12. Diamond doped element classification.
3.5.1  AWiE 3

B JE RN, Bt A&, B p B
RSN AR R R Z, B TR X T
B4 WA SR, B S I 2 6 4 WA
mm B L oA DL S A R B T B M ¢
K. (100) AR AB LB 45 ML OR B S B
T R R 2 IR = AIE AR ARIX L, i
22 WA WA T A () XSO % R ] 5[]
Wit B I (R3S 0, AR B A R R ASCIR
AR B B ARIE AR XA T H N AA 0V
TEIX RS 001 VR (111) A A Y4B 0B 5T £ WA
A, HF— {111} X N ERII TR 43 A5 th BN 2 51
At FEM B, &l Tl R SE
{111 B DXHE AR, FF FL{111 )b X3S R
Wi/ 67, Howell 5% 81 32 H DiaMap #A{F X5 1
NI A v B 9 2 BT TR SE T BT R R AR R R X
BRI JE i A {111} 5 X B,O5 1 NI
BE A R b WA R VIEX B, [
I 255 4 WA DR B 118 2B R AN 52 (69, 8 4K
B,O3 AN GH B BB E B -5 B B0 46 W1 R B
A RS
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FH#E 2 pRFRIE (DFT) %t 452400 4 NI A1 2
Fr i T AR R W] 00 B AP 2Z [ A A AR
e Ep WOLE MR 170 ol SR, Bk
E T AR I R I R T A
FHAE SR P PR T, 5 BUE
A, TR N7 RSt P A P E 1 AR T et
L, AT AT R, AR
352 A#B#

RREENIA TR W2, WA Z ik A%
SWIAH. TR AR IR R RAUR, B, AW
AP RV & BB A S NIA KSR AR, H
WEYEIEA FeyN, CaCN,, NaN;, Ba(N3),, C3HgNg
45 F FeNi-C-FeyN 5 FeNi-C-CaCN, 45 NIl A1 K
M ERK ARG HE S B ISR n BRI E
M 0.005% 3 F] 0.600%, 4 NI 14 it #2508
BRI B B AR R AR B B, e S HOR AR
20 5 R R AR RO B TN I SHE (0.400%,
JR ) B, BRI K S RIA AR, A S
& WA BB 2 R P4 ZE & 7). Huang 45 (7
SR (NaNsy) 1EA R IR 24 A R4 K
i, BEZ A R R T NaN, AR, A= K A0 4 K
AT GRSl AR | I HAR )R B ) 4%
T, &RIARTEE NS/ RS A N, s
R FE A B £91214—1257 ppm. Wang %5 [ ] =
REME (CsHgNWE R & IR, B AE FE i [ 4 e
0.1% B, A RA b B2 (B 13), & RIa K3
i Y B e LS A 2300 ppm, Al WEUC R &Y
e | P Sy N R T o8 S U S ) == e | B | 4
FR AR Bbn, B0 20 0 i e
B, A REZERIRAY Ta BIERIA KBS, EAEEN]
A inig M REHR, RSN A A, MELIRS
FFEZER n BN AR R

mim mim

(a) (b)

B 13 AR RGN 0.1% 096 2R i 4 NI D R
(a) 1513 K; (b) 1553 KI™]

Fig. 13. Optical image of diamond synthesized with N
source weight percent of 0.1%: (a) 1513 K; (b) 1553 K[l

3.5.3 BB

Fe-C-S 14 Z X F A K AR 4 WA () AR B
T AEEIREE T Fe-C-S A RUKRZR T, FEHEA Fey,C
Fl Fe,Cy BALY) . A1 58A FeS 4%, 7 1300—1370 °C
U 0 1R 8 8 5 IR OE U Ak 9, I 45 i B 4
NIl £7 171, Fang 45 70 #2480 KO8 4 WA 1R I8, 78
FeNi-C {k R FeS B4 A M4 NIA K H.MH, 8
S A B AT LG A B FeS WS i 35 0 1 B
LA, Chen 55 M XERITR B ARG M ENIA
LA AL (NV) Lo ribae, 154 Ib Al 4
KIAT SR TR 28 5 A i NVO s R IR T &
Je B NVO rue s E AR T NV, dnefia
TSI S A NV (A0 B b T ZIR AR

BARBL I 2K, i A B &N dh s
A RME, H 2 R L WA I R B A S
MG n BRI ENA BN Z —. L
AF, XHBER n B SRS NI KB S AR S U T
—EPEJRE =80 e HE S, FeS, NiS A A Al
TR HATER LB AR BE U] 45 1) n AR AR S NIA K
P BFST R B X — R AR RS AR B B
B WA NI )2 S RE A IG5 [l 3 —
PRI 5 B MO Ay L it ) /)N H BEL 3R 43 331
0.963 x 106, 0.813 x 105, 1.163 x 105 Q-cm, H
' FeS $24% 06 B 4RI R ER i 1) L P /).

FIH DFT X} AR (n = 32, 64, 128) /Y
S #.45 J B-S B ERIA AT THESIHE, 450 5%
W, BB ALK B S ®MSISAE T SBA
BN, B-S 22 ENIAE A n AR ST B
B, A 1 i — 2D e NI R AR R DL R AR
5% B-S L85 & WA G M52 e, X B-S, B-FeS
B 7B WA WA B DA 38 /N FLBH 3R
43508 0.933 x 105, 0.0962 x 106 Q-cm (82, Zg
1%, B-FeS B4 G m n B SRS WA KR
rm LA RR AR, XT B-S LB ARG e WA A frik
— B, FREERIELL A E B A0 F ok
A B A 22 A TR R EL A

3.5.4 Ehip e

Wl PR T DT AR A RO LA HE A 4 NI R
o, BRI E] FeNiMnCo-C R4, 4 NIA 4
118 Fe 3 R ek 2% A2 Bt 2 e 5 0 140 185 Jon vy A
wem, IEREVIBX W BT, AR 218 E 22 4 NI
A1 R BA A Fe /NEL BHER N 3.561 % 106 Q-cm (3],
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Yu 45 B MngPy M BEIR G AT E] n A A
SN, J2E AR Mn,P, il i 52 i A1k M ik
fiff VI AR XS m A L5 B . WA A i i 1
2R/ MR 0.516 x 106 Q-cm, SBILHH
JE A n B S A G IR LR A PR RE A AR R Y
i, XIS n BN PAIRATRLD. Yan S50
e i e R A5 PF T P-N B2 5 B W7 A i,
WFFER H P-N 200K & i Jsl 1 n] DL it S0
TGN A, RIS W47 A7 2 0 i 7%

BN R ISR, JEHUES
BB 2 B I R B B BT THT TS S 7 2.

3.5.5 HAibipz

AT RSN AR iR R ILAYICER. Yan
5 BOUFHT h-BN 1A i B-N 4B 2R G W 47

Energy/eV

Energy/eV

W
TF=F o N =

B4O-‘diamond

NG PR RRE R B-N fL228 A7 7E, I a4
AR KA R T B-N L8240k 4 NI A
K. 6 NaNg 1 B R A AE A3 &
“BCN” WA BAfE5 /7S /N ik, H3RE B-N
B EEA A H h-BN B I050 & ) “BCN 47 iR
S WA 7. Hu % B 52 A5 3 B-N ezt
%24 B o N 15 21 4 Wil R B 5 10 0k = 15
%, HHEFE TR WA, Liu 2589 (s £
B M4 NI A £ B-O 2 4YEBABHN
n B ARG WA, 55—k R BRI K
TEBLRERY B3O F1 B,O BLAY s B A BE
g%, T n BRESAE ARHLEE (5] 14). X n
LR NILA BRI TG, AR R R T
FEA WA R RARF P S AR E, th CEHER

Rk

>

L 4 ro 0.2 0.4

N\

ro 0.2 0.4
PDOS/States-eV !

14 &RAH B-O&BESRIE  (a) B;O M (b)BO L& WILALEE M (Z2 1) R T ML RESF(H IR (22 F). 2 T AR L,
BUR S5 T B O BT AHAR I C BT, ¥ ZLEFR AR HIX BT B, O Fl C KT B;O Ml B,O 4RI 557 45

Fa A PDOS 48376 45 P o i )

Fig. 14. Theoretical results of B-O impurity states in diamond. Optimized structures (upper left) and electron localization function

isosurfaces (lower left) for (a) B3O and (b) B,O complexes. Only the C atoms adjacent to the B and O atoms in the structure pic-

tures are illustrated for clarity. The blue, red, and black spheres correspond to B, O, and C atoms, respectively. The calculated

band structures and PDOS for B3O and B,O diamond are shown in right, respectively[®.
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Table 2.  Electrical properties of different doped elements in diamond.
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Abstract

Diamond has a series of extreme characteristics superior to other materials, and also very wide application
scope. The large diamond single crystal can play a role in its functional characteristics, which has become a
research hotspot. In this paper, we introduce the principle and process of synthesizing large diamond single
crystal by temperature gradient method (TGM) under high pressure and high temperature (HPHT), and
summarizes the research status and research directions of different types of and additives-doped large diamond
single crystals respectively. The principle of the temperature gradient method is that the carbon source, driven
by the temperature gradient, diffuses from the high concentration region at the high temperature end to the low
concentration region at the low temperature end, and diamonds are grown on the seed crystal. The growth rate
of diamond crystal is controlled by adjusting the axial temperature gradient at synthesis cell, and the shape
growth of Ib-type large diamond is controlled by the distribution in the V-shaped growth area. We introduce
different kinds of diamond large single crystals from five aspects. Firstly, the Ia-type diamond large single
crystal can be obtained by the annealing treatment of Ib-type diamond under HPHT. The conversion rate of C
centre to A centre for nitrogen in diamond is improved by optimizing the conditions of HPHT. Secondly, the Ib-
type larger diamond is studied very much in the following areas: the analysis of its surface characteristic, the
control of inclusions and cracks, the precipitation mechanism and the elimination measures of regrown graphite
and the mass production technology of multiseed method. Thirdly, ITa-type large diamond single crystal is
introduced in which the nitrogen getter is selected due to the ability Al and Ti (Cu) to getter nitrogen, the
catalyst is selected because of its effect on the nitrogen content in the diamond synthesized with Fe or Ni based
catalyst, and the elimination method of microcrystalline graphite precipitation is presented by analyzing its
mechanism. Fourthly, the boron elements exist in IIb-type diamond and have influence on the growth
characteristics of synthetic diamond. Fifthly, introduced is the research status of diamond synthesized with B,
N, S, P doping elements, in which its individual substance or their compound is used as a doping source or
boron and other elements with small radius are used as co-doping agent. Then S or P with B co-doping is more
conducive to the improvement of the performance of n-type diamond large single crystal semiconductor.
Therefore, it is proposed that the large diamond single crystal need strengthening in mass production of Ila-type
large diamond single crystal, superconducting characteristics of IIb-type large diamond single crystal, and
doping of n-type semiconductors.

Keywords: high pressure and high temperature, temperature gradient method, large diamond single crystal

PACS: 81.05.Ug, 81.10.Aj, 07.35.+k DOI: 10.7498/aps.69.20200692

* Project supported by the Natural Science Foundation of Henan Province, China (Grant No. 182300410279), the Key Science
and Technology Program of Henan Province, China (Grant No. 182102210311), the Key Scientific Research Project in
Colleges and Universities of Henan Province, China (Grant No. 18A430017), the Young Core Instructor Training Program of
Higher Education of Henan Province, China (Grant No. 2018 GGJS057), and the Science and Technology Innovation Team
in Colleges and Universities of Henan Province, China (Grant No. 19IRTSTHN027).

1 Corresponding author. E-mail: lishsh@hpu.edu.cn

238101-16


http://doi.org/10.7498/aps.69.20200692
http://doi.org/10.7498/aps.69.20200692
mailto:lishsh@hpu.edu.cn
mailto:lishsh@hpu.edu.cn
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

