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Abstract: Diamond with excellent properties and broad application prospects in the fields of thermal management of
optics and electronic devices, and wide bandgap semiconductors, is known as the ultimate semiconductor. As an
optical window, a large-sized CVD (chemical vapor deposition) diamond free-standing thick film with a thickness
of =2 mm is required. In semiconductor heat dissipation, a diamond free-standing film with a diameter over 4 inches
(1 inch=2.54 cm) and a thickness of 100 um is required to bond with semiconductor materials such as gallium nitride
(GaN). However, there still exist significant difficulties in synthesis and application of large-area CVD diamond films.
On the one hand, stress during the deposition process can cause the diamond film to rupture. On the other hand,
residual stress can cause the diamond film to warp, resulting in poor bonding quality. Therefore, controlling the stress
of diamond films has become a key issue for the large-scale and widespread application of diamond films. This article
summarizes the classification, sources, and influencing factors of CVD diamond stress, and provides a detailed
introduction to measures for suppressing stress in diamond films. Furthermore, researches on improving diamond

properties by artificially applying stress are summarized, including changing diamond bandgap and increasing
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diamond thermal conductivity under stress. Finally, a method and theoretical calculation formula for evaluating the

stress magnitude of diamond are provided, and the future trend of stress research on diamond films is analyzed.

Key words. CVD diamond; film stress; stress restraint; stress application; stress measurement; review

CVD &NIH BRA V2 R AP, 51 4 b e
RS IRIEEE N 10)y HARS B G2l
(£ F&EiE 24 Weem "K' 50284 % F
(5.47 V). ORI TEBR. QB &K
TGO R, Kk, CVD &NIATEHE TE. &
RT3 LRSS AR 2R .

EENIA T, g FEEE ARG . [F,
SR g b ) R e MR AR B, S AR R I BB AR
N, RERE LR S v . BT HETHR TR
A AT ) o R R, R ) A v A T A B PR R N L T
BEEL ) SRR, SRR T R T R R R R —
Hotchandani 2P R, HL 705 5 7= AR i Pl &
10~10* kW/m? . Karayiannis 255500, 312026 4F, it
BV 6 Aol o RO R R A 4.5 MW/, 1T
2 DR A3 BT SR ) R R ASE B 1) ) 3 o R R
10 MW/m®. H AT, —26BF 70N 2R 4RI R
B AL O 83K 43 T IR AOTERE . Shapira 2PV L
im 4 NI 2 T S i 2 b 3 28 1 85 iy A e
fEER AT RIGIN T 84%, FH¥ EHRFE FEK
20 C, HMT A2tk AESR T — L. Shapiral®
AT A N 20 WA B AR 1 A e A 3 2%
FIPERE R It 25 R EIR, AbHE 2RI B2 bk,
IR BERRAR . BT, IR AR T 9058 = 36 [
W, ZAE CVD &NIAILEERE 1S 2]z B, D2
WENIA R, 38 JEIX— ) 8,

SNABRBEA R EEE, BN RE. £
XN, S WA RS 5 A F ek e P i R AL
g, SEOFRY. FER, YT CVD ek s
I 5 ) a2 A AR T B v AN 20 L T A
SRR R A R, R R T ORI AR, LN
AL E, — B ERIE R, SRIA BT
SRAEBEN R, FEURAERKRN . B EER 5T
BN N AR AL R PR REBRAS, S mA 2541
SR A R R e . BN TR I 2 3 B A R AR,
— I HEFRREL A, BEERSN, 507
5 B0 WA B R AR R AT, AN &
SISk BRI e, 17 H™ = 2 i 4 NI A
JE G At = SR B EL (B 1 GaN) B G i . [RIE,
G NI R R R R B2 568 e [ B R Rt 2 7 AR AN R
SOMA . N, AR 4RI 2 v AR, Bk

RN S BURMS R A WAR, B R B,
M BEARIE RS R & o oV 2 il i ] 46 340 2 J i S
IS 3 #He TEL A% R T B 17 R 2 SR S PR RE . AL,
Xt < A R 8 L g 3R AT A T B AT R

1 S AT SRR 43 26

11 MAOMHZE
111 E£NARMEKESN

CVD &WIA TR R, B =4 R,
T RO YE LG S TR S AN IR KN T, A
Ky 72 B R A E R S MR (R . dm ot A
SR8 (AR 2P BRI . £E SR B
AR R, X E FE A28 T2 5 B4 WA TR
PREER R A IRGAR, T P2 AR AR KN A o X AN [R] R~)
(1) &35 R sl B o AR A 7 B DT R 2 AR R AR . Gray
SR, b 28 7R f) e o F 2 UL B A 82 77 A 7
ALt A R ST R EARRE = ST i
IR SSPE(E 1) oAt —S8 5K, 0 e S B T Aont
A NN E S v (Y3 R E gt S Ay B (= R R CF i
Bk R AT S BUN B 73 &= v 2 A .
B AE AR A R A A f5 SR A3 1 B S & NA
e, KRl KEFR.
112 &RIAEAHRE S

IR T RS AT, — 2T E&NA
JIE 5 e S A K RBOR LG, 32 ZEAE & NIA AR K

" .
Stacking Faults
and Graphitic

Extended and
Point Defects

Clusters

-

10 100 1000
Defect size / A

10000 100000

B N[ A 2 b R~ o et
Fig. 1 Comparison of different types of defect sizes!'



1190 1 A 7 < = S

540 5

SRR PRI R A . Jeong VAR HEAT EEL
S RIAT FE J7 22 0 i, WE 7T 7 AN TR Ao JER 1 242 i
RE, AT Siv Mo W =i I AT R 1 #iZ fik
R, k1R, HERERXRZWE 2 fis. A
MBI, 7E 4 WA R ) 3L B S R P (1150 K /2
), G WA S AR R K R, Rl
& W AT, (HFEAE B PG, < WA 5 A A
BN R 22 3ok, AT P2 AR ORI #R. 77, 35X
R FE S NI R 2 . DL 850 CHE W A BT
G WA TE B, oFEA5 3 A KA T 4 WA R
W HIHZIK 2509 508 4.68 Al 4.63 . 244 H1 3 = iR
B, ZE MK RECE N 1.17 F1 4.27.Si I W 5
S NIA BRI BB — MRS R, N
850.7 F11989.3 K. Si F1 W HIFAMZIK REAEAS X A LA
T TE&NA, BLEMR. T Mo FI#EZIK R
ISR P =T R A L PN OE Y A€ TN TS5
AT, TEVURR R o H 2 p B ) 7 A 2 R R
%o PRk, Mo BEI& A 1R Al 4 1R S NI B SRR
()4 AL R

T T AE A WA AR K T R v A ST
R AT AN 5] . I, Teong AR08 B D 2
FH0 20~50 CHIAR MR ERRE, X 2 S e
P77 N BRI . Leigh &1V IR (% 75 300 &
T UK b & WA A K R e LB A . 4
RE N, Hodn X Bk &R .
George! "B T HLINEE B 74k CVD 42 [ i 5 43 A
BERLSE JB R, KT 100 kW 2% 1 1 ) 58 7 4,
TEBEEGBAARME 1 16 om HIALE, 5T QR
913000 K, #HALHTAR A 7R 15 mm, 53 FE (8 2> POk
TREF) 6000 K. 7fEAKISRES, BERIZSHE
Iri) i 72 FRARIE K, IX M 3 R WA T R AR AR
—AE LS, T AR T AR R R RV AR, AN I AE
74 00l JEE F A T T B o

CVD Wil i Hh 7 7 () i Y A0 B A 3 FEE 3 AR
IR R PR A, W R B FEE R R B
W2 12, 5% A DL RO 45 14 %5 U1 FE oK,

— B 22 B 3 [ 45 R . Fan 2500045 7
LN/ It Nl e S S AT S
DR (I T A ST R T OK D SR R D R
Yo P A R (R OB A A L T ) 1 R T ) 2% AR
AR TR (2% 5T JER T A IR A Bk AR B e ) M TR 1 5 AL
PSR (U 5 JiL 0 g 38 A AR S 0 A G B T 1
) S, XN RN ) i B v BB R g 7 R
AEENRSE L BEET TN 0 4 WA RO
HVG W25 74 53 M B AS A, BL Ko T B i AN
Wi e, R R AR A P R IAR,
HereEsEi.

12 Zm&RARNOHERER

1.21 7A[E CVD kXt & RIA R A 5L 7169 %200

H CVD #il & &R BB HBLEIK, H s
PERERE AR —H & — N E . HAl, CVD L& &N
A FE EARE=F, Bl HFCVD(Hot-filament CVD,
# 22 CVD) MPCVD(Microwave Plasma CVD, Tl
BTk CVD)F1 DAPCVD(Direct Current Arc Plasma
Jet CVD, Eit IS B TABUE CVD).

HFCVD £ i 22 (— BN W 2280, Ta 2) %
JERH A AT IR, JRERNR LT ENIA B .
DURTE AR, HAAR S REG . IR N
o2 3 4 WA B A 75 Y . Nakamura 25 U'0S5% H
HFCVD %43 HI7E Si Al Ta 46 LYURL T & NI i,
It E M AR5 A 2.35(h0 B /) F1-5.75 GPa
(JE R /7). Scardi 25U % H [F 4 4% % XRD
(Synchrotron X-ray Diffraction)#ff 51 /" Ti 2& HFCVD
WIS AR N A1 37, Al #-2.8 GPa ) J5 M
Ji. 4£ HFCVD R, Ikt eEnR &y
Jem Wi, SnskiE® e, SN ECR.

MPCVD %2 ) e 7= A — AR SR K 52 A% H,
Yy, R rRIE MBSO A A TR, T AR <5 W
A HARF 2T R, SR FIRREEE .
2 1R < P 5 B A, IR S R R AR BZ R
Weng 25" Si i) _F R H MPCVD L UTR 4 RIA
i, ANESA R E60 1 100 scecm; scem: Standard

£ 1 HRFRM R R
Tablel Thermal expansion coefficients of common substrate materials*?

Substrate Elastic Melting Coefficient of thermal expansion (polynomial
material modulus/GPa temperature/K interpolation)/(x1075, K™

Si 130 1683 —2.15+2.47x1072T=3.82x10° T>+2.67x 108 °-6.87x107'27*
Mo 327 2888 4.3140.002T

% 411 3660 2.78+0.017-2.21x107°7°+1.93x107°1°~5.56x10~"21*
Diamond 1050 — ~1.36+8.79x10727T+3.98x107" 7°—6.18x 10~ T*+2.78x10~"*7*
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