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Abstract: The rapid progress of lab-grown diamond technology has greatly improved the size
and quality of lab-grown diamonds, which broadened the application field of diamond and laid
a solid foundation for the market promotion. In this paper, the process of lab-grown diamond
technology at home and abroad is reviewed. The mechanism and characteristics of high pres-
sure high temperature (HPHT) and chemical vapor deposition (CVD) process are intro-
duced. as well as the performance of lab-grown diamonds at home and abroad. The technical
problems need to be solved are analyzed and the development direction of diamond synthesis
technology in laboratory is prospected. At the same time, the analysis and testing principles
of optical properties, thermal properties and semiconductor properties of lab-grown diamonds
and common testing equipments are introduced. Lastly, the application status and develop-
ment prospect of lab-grown diamond products in jewelry, semiconductor, optical devices, a-

coustic devices, precision cutting and biomedical fields are expounded.
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Fig. 5 HPHT devices: a. BARS type press; b. BELT type press; c. HING type cubic press
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Fig. 6 Large-size CVD lab-grown diamond™"

1.2.2 CVD & B F4 645 5E5IK

CVD TR F8iA EERMAMEEE T
RS AT % (MPCVD) , 3% fh % % B f %
Bk R T R EACR T A DR AR
K H AR A A R F AR KRR & 4t
BESA | . BEr Rk, KRE 9 4RI

A1 A i A AT B O R HE L R RUSE CVD By i 4
A7 38 SR BK B S S BRI /N R
PR A WA AT B T RE R 8 AR L
RS B At R BB AT A2 K R RSF CVD
MR EW O EREXMAM T AERNEFSA
it PR A7 AR R BB L NP 8

M7 MPCVD LE#E4% a MPCVD #% 4 ;b £k # 8 MPCVD & 4 &
Fig. 7 Diamond synthesis by MPCVD method: a. MPCVD device; b. MPCVD diamonds in growth

© G
S0 &7 = Q S,

Substrate selection Mosaic

Integrated Large area

CVD layer single crtstal muu“lm

separation a

M8 HEHEEKARTETHAT  a 2NEHEHETEE;b LKW ART CVDEFSE

Fig.8 Growing large-size lab-grown diamonds by substrate splicing!®’; a. Schematic diagram of diamond

substrate splicing; b. Large-size CVD lab-grown diamond



%63

ZrtE RESd TR EATHR 17

5 HPHT T.Z M E.CVD T F &A1
AR A B K SRR AR A R TG e 2l
FEREE B A U R AR B 2 A 2 07 T B R
PR E B AW R I IRE A OG k) TI
o FH T BR 5 L HL g A AR A A,
th MPCVD i (iR i 55 85 1 K b 2 SO DT
BA7¥5 e/ il a1 ALK L IR B 2 1 ) o A
BLEWY E B CVD T2 el 1 i i .
A2, 2l CVD 55 8 8 A 19 A Kl B LA IS,
R TR AR T BRI A
AL X ST CVD i H 4 AR R RA M & &

SRS AR AR R aN e

K EALE CVD T AR & A J7 m R 2 5
W, 55 AR )28 7 M AP AR — i 250, AR
K, RHBE T U AR R 5 TR 5 BT 45 A A
CVD B8 81 & i 5 48 7% Jr 1l s 7 AR Ry %=
B2 T CVD B & 4l A AR K,

2 WEwORE Pk

B 5 B0 S R B B T S AT
Jo i S W T A 7 A T AR L A
TETH S A T 32 ORS8N AT 3 1) O o
T F T A AR S A LIS T i A B
e A A B, SR TN R Aol A 5 T
PRI E AU A R LA K T2 ) A D T B 2
S MO MY RE AR TR U] B 25 L B B AR
I 53 A1 7 15 BEAE O B 8 B A 7 e B A VA R L DL
4 5 3 A R A ) T e i RO S
(Y N TP DI L N N DR e TR SR Rl R A VY
Jriks

2.1 4CH#MN

AC Ko I 07 48 A i T 5 0 5 RO s
145 B 6 55 9% (Colour) | 5 1 % 2% (Carat) | 1§t &
G (Clarity) (V) T8 9 (Cut) , J& 7 5 Bl A1 17 i
PrE ) 2 AR i, — R TN 40 9, R 10 1%
BOREE Wbt RPEN EETH, BHErhEr
B R b o rp AC R B F AR B A, T 36 [ R
A BE (GLAD B RS I A7 o AN X 43 KSR 4 A Fn
BEA .

2.2 RUSEE ST

S AL A CILa 8 4 WA B B 58 10 2%
B B (FE 28 AP v 21 S AT 358 40 W i, e il B
JUT-TEW MO R TE I8 KRBl A 1 2 15 B Bl A 5B AT
e A il S N GRS VN P/ i e
T AR R B T 85 B G 2R M TR B AN TR e
i) , %€ h-A1 U3 214 RO 3% (UV-Vis-NIR) L
o rh £ AU i R S (MIR) 2 T i 5 A P9 38 42 5
TR ke o 114 S5 5 A6y 2, T LA o 0 O o EE PN R 1
Z ST BB S (B 9)

S8 H0- AT DL IS 1S R R L AR R AT R AR
WX o T BRI B . MBSO e —
WP BT R B CRLVI A T ) L 28 2 Jali Z 1]
S E D — AR BE S, 7 A A R
2% T R AR f g i 2 T RE R ERIE £
MR US BE R 7E 2. 2 eV (564 nm) ~4. 59 eV
(270 nm) Z [A], H o, 9 R B B X T
270 nm H 0 BE W, R AR T 2AUE X R T
230~300 nm [X [&] B9 58 W2 Y . 415, 3 nm 4b 9 N3
O3 ANEIR T B — 250 478 nm 4 N2
Oy (N30 H ) 9 A 507 55, 3k 28 g i o 33 2
X4 T BN IT B4 41 ) J1 AR H (1 10)197)

B9 AT -G 2 4h 4 b 8 B it (a) Ao B B ok & 3 41 40 o 3 L (D)

Fig.9 UV-Vis-NIR spectrophotometer(a) and Fourier transform infrared spectrometer(b)



18 HfmE R

A OF & X))

b

2021 £

2L AW 2 R IR Bl e O 5 e B RE R BR AT
PR AT LA R D A% b LB L A AR T R
AR R A& 8 (- 1), 78 20 40 W e 20 1 0
ST v Bl A AR T AR TR 0 R 2 030,2 160,
2350 em ', B EHEFWRISIREM . A
Y AH SC WIS I BE TR AE 1 430~1 000 em ™ ', Horft C
O (PRE R F 5B 7E 1130 em™ A1 1 344 cm ™ ' 4tb
HATIRGU W  , C 05 FHAE i HIWG Ta, Ib 2
A  anSR T 2B P A2 e C o0k Th 2894
AU ORUEJE T3 B R AE I 4935 1 282 em™ ' b Ay
B g L K 1 215 em ' Ab A /N IEDY S B G
(WER TR A D REE .7
1175 em ' Ab A R BE W W, A OB 2 fE BE

Transmittance/%

300 400 500 600 700 800 900 1000

A /mm

A 10
Fig. 10

1100 em™" (Y JF WY 5 FoolR 40 W0 75 21 4 X
A1 360 em ' AREY

AR IC R LD I FE 2 850 em !
12920 cm Ak Oy sp® A4 — CH, — BE A1 5 XF
FRA 47 B2 3 FO B A 4 e sh BT 2. i 1 R 2 &
J - AE A T LSO BR A 4 R 2l 32,2 920 em !
Aob F R LA 168 308 5 T2 850 em P

5T 2 MR ik A5 1 290.2 460.,2 800,
2927 em 'L, Hid,1 290 e VIR T E AE S
Il H B B I R 04 L 2 460 .2 800.2 927 em ™!
AN RS2 ERER MY — B L MRS
I 294 A b SR D0 253 T 2R A I Sc g, 0 24 TIb 288
B,

100
80 F

60

Transmittance/%

40

20

300 400 500 600 700 800 900 1000

A /mm

T RSB ) f A F (D) #y %57 -3 5 ook 30
UV-Vis-NIR absorption spectra of type | diamond(a) and type Il diamond(b)!?*

100 |
80 1 Synthetlc [[a
60
?;
g
E 40
g
=
20
0 1 1 1 1
3000 2000 1500 1 000 500
o/cm!

A 11
Fig. 11

SR R T

Mid-infrared spectra of various types of diamonds

[38]



F6H

EREE HTEF ARG AT HE 1o

23 RAHBEREKESH

fn A TP Y L A2 B A RO T UK IR BRAT
RS ARG T WAAF LT AR R S T
IR ] A (R B R TR A A O X — i R AR
& & & (Photoluminescence, fa # PL), %5
SERE YA T a AVEN A A 6RO GG T e
4] Raman ¥, (12 G 77 4 6 0 2 0 2 0 5 2
JoT G 3R DA R A B8 P AR T | A e S 5 B 3
L fl [ 11 23 R R 1 AN [R50 4 10 O L O B RO

T BT BB A8 I FH 3 — e FH R 20 B A b i) 25 b
HEG . B A R UL B AT O BUR 6 RN 1 A0
A :GR1 oty (i F 741, 2 nm 4b, 987 5 thdE s
1) NV (f7 T 575 nm 4b, g v #e iy -2
1) NV it (ff T 637 nm &b, 4 71 HL 19 A28
£7) H3 F (i T 503 nm &b, B A &R Fil—
AP PEZS 70O (N3 Lt (i F 415. 2 nm, 3 AR T
FlZE— A28 f7).Si— V gy (i F 737 nm &b)
Ao R 12 N TaAB BB AR EUR e

TH 250, type [aAB, low N
—360 nm laser ‘
—532 nm laser 4\
—635 nm laser 5
|}
Loy

*c.\fw“m

575.5
5759 R
Lor ;033 2 741.2/744.5
14b 4152 GRI
N3
C12f
=
<
S 1of
S osf
E
= 06f
04t
o2k} 490.8
- h406.1
0 1 ' ' ! f I I
400 500 600 ,J00 800 900 1000
nm

B12 TaABBHELRA L LB

Fig. 12 Photoluminescence spectra of type |aAB diamond™"

2.4 REXIESH

— A I O X R i BRI 25 A —
53 B BE B 28 4, — R4 WU DA A A AR Ak X
G3EUROCHIR 5 A GOUIUR 2 L& . fi
W% K50 T REHA K W N o T 45 4R
U35 L A R = AL (B 13) I A W] 4
JBT L 2 i 1% W LA HE W L2 W) I 43 4 R R
gL,

i hr 2 s AR R 13325 em ',
i T B 44 4E T R A & 5 BUR IR 7 AR
PR g 7 2% kAR — i e . 32 B R
AP I S A N VA= - Al = & S QT
IRy D AL B R O - S VA TR (13
BT sh. AR W& 9 R BT AT
B B LA AT FH ok 2% AE b AR i B R o R OE R
AN I R =R i S T S N 1
KOG A A HPHT 441 H g 0 2 45 4 ) A4
fEVE M CVD 15 & 8 A 0y $7 =063 (Bl 14) K
245761 500 ~1 600 em ' ZHETLE sp° B A

BT B

B13 &N

Fig. 13 Raman spectrometer

1,332
=1
<
=
z
g
E
1550
1000 1400 1 800
o/cm-!

H 14 CVD#H4E w4 g kil
Fig. 14 Raman spectrum of CVD diamond"*®*



20 E AR B FARE P E ) 2021 4
25 BEENR (SR SN N DN R E b S LI S SRy

B WA R AT R R v BT Rk DR O T e
AR BRE B B O S AR AT X . W
WL 70 A 5 1 AT R 25 1 R AR 2 0 PR A R
e P RS TE 23 O BRI R AP BRI IR A
Bk A s B AL MO IN BT Rk .
LSO IR S R — ol Al e fih X ) T 5 3 AR
LR A i 2 g o, % ARG B A R R R R
SERT TR O WO I Sl o B I B R
TR R A T A B S AR B OB
T T AR BN AN 1A 15 R
26 FZKMRESH

BOZEdE TR B R AT LIE R P R &
Rl N LG B RS R SER T IR
A& RS LR R S O T A R
SO S B ) B AL 2 R T B0 A 2 il A T — AR

HRIMRL A ET RN AR, R 1A H T L
T2 S A B Rk 1 45 TP R HE T

ﬁipl/

A 15

WO A% % # R BB N

Laser flash thermal conductivity measuring

Fig. 15

instrument

k1 AMFFERM AR Ho

Table 1 Index comparison of various semiconductor materialst*
Si GaAs 6H—SiC GaN Hif1
(V) 1.10 1.43 3.10 3.45 5. 45
M R ZR 9 F R (107 em » s™1) 1. 00 1.00 2. 00 220. 00 1. 00
BT R (em’ /V - 5) 1500 8 500 1 140 1250 2 200
ENRFEHEHR(ecm’ /V « s) 600 400 50 850 1 600
HEFEHEIZ AV e em™ D) 3 6 30 >10 100
PR 11. 80 1250 9.60/10 9.00 5.50
e L B (Q * em) 1 000 10° >10" >10" >10"
PER(Weem '« K1) 1.50 0. 46 4. 90 1.30 22. 00
Baliga $8 %0 (Si 24 1) 1. 00 9. 50 13.10 = 357. 20
Johnson 5 # (102 W « Q/S*) 2. 30 9.10 911. 90 122. 60 2 533
Keyes $84((10°W -« K™ « S°1) 6.70 2.00 34. 60 9.90 144. 90

o SR T 20 5 1A O3 2 BT L B AR K
R R BEL R 2 L SR APOLIE VLD AL L
P OE 3B T LA Bk AR B RE Y 45 4 L 18 0%
Jie 7 AR 1 2 e R it B AR R R B . R
RO IR T SO N R P AL S

BT U BRI T B A IR AR R AY
aniEl 16a, H B = A4 0 3t D 3 A 2 o ik R 25 fi
e T M A AL O PR AT L L SR AN O AR
AR L AED H v DU RR ATV R 0 2 S A o B R
w0 (B 16b) .



%63

ZrtE RESd TR EATHR 21

B 16 Z R BRI K L (a) A I 45 4 o o J 2 304K L (D)

Fig. 16 Hall effect testing instrument(a) and four-probe resistivity testing instrument(b)
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