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ABSTRACT: As a combination of highest harness, thermal conductivity, thermal shock resistance and high strength, diamond
film has attracted a large number of researches. From the 20™ century when diamond was prepared by chemical vapor deposition
(CVD) at low pressure, the related deposition science and technology have rapidly developed. In this article, a review on tech-
niques aims at producing diamond wafers useful for infrared windows will be presented, and special attention will be given to
the recent progress made in China to produce high quality diamond wafers. Until now, Hot Filament CVD, Direct Current Plas-
ma Assisted CVD, DC Arc Plasma Jet CVD and Microwave Plasma CVD have been still developing. On the basis of research
on high quality diamond films with small size, in the early 21* century, several foreign developed countries have declared mas-
tering the techniques to deposit high-quality diamond wafers with large area and the films have been used in high-tech areas,

such as infrared optical window, et al. Hot Filament CVD, DC Arc Plasma Jet CVD and Direct Current Plasma Assisted CVD
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have been mastered in China because the diamond techniques have also been developed rapidly. Recently, a novel system of 915

MHz microwave plasma CVD developed successfully, which illustrates the technique for preparing high-quality diamond film in

China has kept up with the advanced level abroad.

KEY WORDS: CVD; hot filament CVD; direct current plasma assisted CVD; DC Arc Plasma Jet CVD; microwave plasma

CVD; free-standing diamond film
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W H . mPERE A AR IR . PR R IEB AR . ZLAM
7 MRS 2R TERE, A &R A
AR BN TSR, [FRA R Tz R R K .
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Tab.1 Technical characteristic of the commonly used CVD methods for depositing diamond films

[10]

Deposition

methods HFCVD

DC-PACVD

MPCVD DC Arc Plasma Jet CVD

Activated me-

thods Thermal activated

Glow discharge

Electromagnetic acti-

vated Arc discharge

Diamter of
freestanding
diamond
films/mm

150 203

150 175

Deposition
rate/(um-h™")

1~10

6~25

0.1~34

5~930

Large area at low pressure;

Large area at low pres-

Excellent quality of di-

Highest linear growth rate;

Advantages Slmple set-up; Low-priced sure; Slmple set-up; Low- amggd films; Stable de- High diamond quality
equipment priced equipment position parameter
Low growth rate; The low- Simulation of chamber Small deposition  areas,
X . Low growth rates at low . N Process control difficult;
est quality of diamond fil- . - is required; 3D-depo- .
Drawbacks . pressure; Contamination . . High power and gas cons-
ms; Degradation of the fila- sition difficult; Low gr- . > .
through electrode umption; Contamina- tion
ment owth rates
through electrode
The quality of All grades includin Tool, heatsink and optical
freestanding ~ Tool and heatsink grades Tool and heatsink grades & & ’ P

diamond films

electronic grade

grades
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" DIAMOND 14 "L D
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LA MUL T1-CATIR
AB KIST DIAMOND

WS LEWE N2 LA NVIVANL
DC PACVD MUL TT1-CA
ST DIAMOND 1 AB MUL 1]

DIAMOND L AB KIS
PACVD KIST DIA/
DC PACVD MUL TI
LAB  KIST DIAM

B G ERREH AR BISE I DC-PACYD 3B 4 I £ 0
Fig.1 A transparent diamond film, 70 mm in diameter, re-
ported by Korea Institute of Science and Technology which
was deposited by DC-PACVD
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HE— ECR L KEE SR BOR , ] s AR
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f) E6 /A7) ( DeBeers A A —AF 2w ) 1 [
f) Fraunhofer #FFZRT®! ( BUHE AR HL 14 Advanced
Diamond Technology /3 &!"*!)., 3 {45 VAR M 37 K
2 (5% Lambda 2 RIJESEHA) 20, EEA
ASTex A (BUKHEAR 2L HAR Seki-
Diamond 2\ 7] ) P14k i 7 F A B S B Y L Tk

[ Plassys 2P CRAZEES + =K HARP) 45 H
AN EV R BE BT AR 44 B A AR AR %l 2.45 GHz 1Y
MPCVD Hi AR . 7E 2014 4ERi ) , FitdiL () NeoCoat 23]
WHEH TIZAFRME S MPCVD A4, i#id MPCVD
Ml H A, AMUATLAHI S BN 50 mm Z247 . a2t
BEHAE AR AN 1) B LS NIA T (NE 2a fis ),
I T LA B X 82 o i 1) & WA Bk B (A&l 2b TR ) iX
U S WL LAHAR A PERE E 28 )12 T o AR
SHET O O e 120 2 AR
F L SRR S D45 B TORERENIA SN, B
TR & NI BAE ROV R . RSN 28 7 1 b
B, Al JUFTEARRT R, T RARE K. Har
HASEM E6 AR T LSRR B P 4ENIa A X
PERR, PERETT LA SE P SR T,

b &I ERE

K2 #[E DeBeers v ) (E6 2AH]) #Y
G W 7 R 43 1 7 gk B 2628
Fig.2 A high-quality diamond film with 50 mm in diameter
after polishing (a) and a diamond dome deposited (b) by De-
Beers Company from England
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MHz MPCVD ARl % H 150,120, 152 mm 4RI 5
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b5 , 7 2008 4EFI G , % VAR N 7 R 2EP2 il I [ A5
WY 915 MHz MPCVD & #4117 HA K 100
mm (SRR, B, BN BRGE Tl %
WAV BN 100 mm A4 R4 I, (H 2% B
HHL, LA, FEE R iplasBY2A w1 AR Ay pe
WA 915 MHZz MPCVD 2B e Yy, RFRIZ
R m ] P4 B4R 200 mm LA FRERIA R, BE
R E A, B EE A SR EE WA 915 MHz
MPCVD £ %124, {H ARk KA SR .

T

§0 20 30 40 50 60 70 80 %0 100

a K ER 150 mm Y4 NIAE

b EAE 100 mm & BT & RG AOE S

3 f#E[E Fraunhofer BF 5% B Y 4 KA 520351
Fig.3 The diamond films reported by Fraunhofer Institute

from Germany, (a) diamond films with various diameter
(maximum size is 150 mm), (b) a photograph of high-quality

diamond film with 100 mm in diameter after polishing.

Ak, 1525 F 915 MHz =513 MPCVD %411
K, 2016 A7 AR TR R 2 DOIHGE Tl %
B EVUBUE BT ERRY S, W& 4 B, %
B ROF 2 4T LU HAUR R 22 4 WA A, Sl 4
WA B R B T 5 g R A Y

gi bprik, EAMERM CVD &R B & AR
FE AL HFCVD fl MPCVD K, B3 DC Arc
Plasma Jet CVD VAl 45 KA 4 MIA B FoAR B 4
HXT B, DC-PACVD HARAMIE, FIEMHE
F{U FRTE D BULASE 2 . HECVD BRI KR 5,
FEMT WA BRRZNH %, BHEkE, MPCVD
BEARC LM M ESNE L CVD & NI B E

Pl 4 R BAR T4 2 1 92 mm (155 ct) Ko 1)
Fig.4 A large single crystal diamond (92 mm, 155 ct) was
deposited by 915 MHz MPCVD reported by University of

Augsburg from Germany

A, JEEHAEARR RS

3 KEBX#E CVD £NARH &

REE R

T 4 NI BRI A& B AR e — AW &k, 7RI
K863 RIR VBT, A TSI 5T e 76 Tk [ F 5
A3 HFCVD Mtk g, BfJE7E 1996 4 psrdt
KM AR 7 EB AR R R0 A5 PR 23 7] BTS2 B B HFCVD
FeARM WAL, BRTHEAR R T e 48 M3 BNk
() HECVD 4 Wl A7 4 lb & b st A B R B 2 A BR Y
H, ZAE AT U4 AR 200 mm., JE 1.0 mm 19 %
A RA P K s Fis . 5 ESN HECVD T R A
[, F&E A HFCVD 2 Al H gt 2 AR WA ik
JERE R A R OB T R A B i A% AR M i
[ S0 e 7K IR A7 R — 220

[ N m R HFCVD 35 A SR A B, ot
T 23 T R R 2 BT P R O A A R T
HFCVD %3 5145 424 100 mm A1 110 mm Y [ 3%

Fl 5 Abaisw /R BH & R BRA B
HFCVD 4 Wil 77 54 38

Fig.5 A diamond film with 200 mm in diameter and 1 mm in
thichness depositied by Beijing Xiboer Technology Devel-
opment limited liability company using HFCVD method.
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DR Z df A S 45 4 WA RS AR 3 8— JBEAE 7~40 pm/h,
PR TTIA 1900 W/(m-K)W7, 5 KR 1 ] LI
i3 mm, BKEBEN 150 mm*™, E 6 AL niRHE
F2#{li ] DC Arc Plasma Jet CVD 3£ &l £ 006242

FARITL 4 WA B 22 W8 R, = b 4 W BEEAR Y L
2435910 100, 124, 150 mm. HET, Jb5RHE K
DC Arc Plasma Jet CVD 4RIl A JEBR FIAE JJ B N 6%
W AR RRSHRGT R B 2 3R g2 i K 35
v, & NIE [ S A S IR RE TR . BR
JE TR R F AN, REEBE TR I U as fi R R
di FH I & Y DC Arc Plasma Jet CVD 2 B4 145 T
BAEHR 70 mm Y [ S KA RO R R R AR
65 mm )4 Ml sk E B

F# T DC Arc Plasma Jet CVD A, FHE
MPCVD $ AR, JEHZRTE R Y% MPCVD %
B H EFASUE, 3 MPCVD #1445 R [ %
NG R R

TE 2005 4R, [ P EBARMIFHLIG (5 AR
K T R2EPR o P RHE R SR+ g )
W W SE[E ) 2.45 GHz MPCVD 258 TG T w5 i i
S WA BRI T AR, B 7 Rk ko eE A e+
65 T R A ) S 1 20 B O R ) S P e W B, e Ak,
M IR Tl K24 SE T 15 [ Plassys 23 7] SSDR150 %Y

a FA2100 mmyt2E2% ¢ EAR150 mm#ATH
BRI ARG 1 EALIPEY LY TRTRAA

K6 dbmiBHE K2#{di il DC Arc Plasma Jet CVD il %5 194 Wl AT B AR 22 WL IR

Fig.6 Diamond films deposited by DC Arc Plasma Jet CVD from University of Science and Technology Beijing, (a) an optical
grade diamond film with 100 mm in diameter after polishing, (b) an optical grade diamond film with 124 mm after grinding, (c) a
heatsink grade diamond film with 150 mm after depositing

b BHAR124 mm)GEg
S WA AT

RSP Y THANSONTS FILAE TRASIIENY HAMION
NEPARENT DIAMONDY FILM FIRAMSPARENT DIAMCY ”

INSPARENT THANNROLE * ¢ TRANSPAIENT (HAMOS
NXPARINT DIAY ANSPARENT DRAMYS

NSHARENT D

LLET d NS S hlALNvu A v -um-ulr unul
a TR 2:f#H SEKIDIAMOND /A /] ASTEX 5250 %!
MPCVD % & TR 624 2 4 WA R (ELA% 50 mm)

b HH il LAMBDA 4\ & DAMOTEK 700 %!
MPCVD & B UUB 4 KA (AR 55 mm)

7 IR A WA IR R e e T A )
Fig.7 (a) A diamond film with 50 mm in diameter deposited by Jilin University using ASTex 5250 type MPCVD, a system pro-
vided by SekiDiamond, (b) a diamond film with 55 mm in diameter deposited by the 12th research institute of China Electronics
Technology Group Corporation using Damo Tek 700 type MPCVD, a system provided by Lambda
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MPCVD %8  If i 1 Hil & 19 4 WA BT B
{EARE AW B MERERY, Fik MPCVD 25 & 5]
ik, fE—E R LM T E MPCVD % &H AR5
SRy, ARk T TR 4 A TR AR OKFE A R
{H 2, 332 M [ AR SE Y 2.45 GHz MPCVD 2 & 1))

REWTE 5~6 kW Zedq, Xf T T it 4 WA I8 pe st
IRACER S EA 38

% B3 M E AR SE MPCVD %68 41, R EIR 25}
PN ERTF I T MPCVD %8 19 | =01 & T4E. 4t
FRHE R L I TR R2E . W)IR: . W RHE R
A RR R TR EHME T AT o6l G 2.45
GHz MPCVD #¢ &, Jf{# 45 F Wl e & U0 T
THEL WA AL IR ) MPCVD 2 B 2
Ko A S A KA IR S & BRI 2 s . B,
b SRR K E R R TR 2R 41, HABHF 5T AL il
1) A S 4 NI IR R TE S AR 0 BoasA R B

& 8a Wb BT RHE K2 AE 2008 AR IE i A EF
il 1Y 2.45 GHz #EEkALIEHRIE MPCVD ¢ & il 45 19 H

TEE NI R, ZEE BN 50 mm, 7E 8~14 pm (1)
AL LT NG BB N 9 35 3 SR 0T 70% 17, 5 4 WL i
IS EL R (71.6%) H2. BElE, JeaRHE K%
TE 2014 AF 48 T BT i ) IR T R 4R - R P
MPCVD %% & il 28 1) 7 3245 4 NilA R an &l 8b Fiw ),
TZIEE R 35 o R AN S AR T B 8a IR 455 .

1525 T A0 5 8 B A RUAR R L K 2 Fh 2.45
GHz MPCVD &t &5, Jbm B8 K%
2015 4F 4B T 915 MHz 45K (1)) MPCVD %% # #if il T
Y. 3 EFE N 75 kW, AT LIHI4S HAR A 127 mm
() e o et A WA S, LA Ao e B 0 4 WA BRI
w0y, FREAE MPCVD 4 5 o622 9
G W A I R Ty TG 2 A A S KO PR R T
Ho RRTERFH (MR ) SRIGBAE, 3
] o 5 Ak 2 2

Zi Bk, FRETEDURD CVD 4 NI B 45 4T
B T —m R, 5EAMAFERZRE DC Arc Plasma
Jet CVD L2452 TRk Ak A=, LA, RETE

®2 ENSKBEEWMEL 2.45GHz MPCVD £ERBXEENAKELZEIR
Tab.2 Independent research and development of 2.45 GHz MPCVD systems and free-standing diamond films in China

Research insti- University of Science and

Wuhan Institute

Southwest

University of Taiyuan Uni-

Sichuan Uni- .
versity of

[57] [58]

tutes Technology Beijing of Technology versity Science an[(519] Technology!®”
Technology
Ellipsoidal cavity '] .
Cyi?sgrliczl Ccz‘git};/["’z'é“ Quartz tube, Cylin-
. . ¥ drical cavity [°® . Multi-mode Conical reflec-
[64-65] yoo,

The type of cavity Dome-shaped cavity s lti-mod . Quartz bell jar . .
Circumferential antenna M[%g%?lo ¢ cavi- cavity tor cavity
ellipsoidal cavity[®¢-¢"] R4

Power level of the

system/kW 15 10 1.5 10 15
Diameter of
freestanding di- 65 50 70 — 6307
amond films/mm
Infrared transmit- =70 o o o 70

tance/%

a MEBRELIEYR s DORR B S WA

1| 2| 3| 4|

O
@ 6 7 '8 '9

b FRTE R - R IR s OB 84 <6 R A

K8 dusiRHERAERE R 1 2.45 GHz MPCVD %€ & il 2 1) /& JoT 5 FI S 44 4 WA RSO0 ) B
Fig.8 Photographs of diamond films deposited by University of Science and Technology Beijing using MPCVD system which
were researched independently, (a) using an ellipsoidal MPCVD reactor, (b) using a circumferential antenna ellipsoidal cavity
type MPCVD reactor
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