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Abstract Raman spectroscopy for studying of chemical vapor deposition (CVD) diamond is one of the most effective
means. CVD diamond films with different grain sizes are analyzed by Raman spectrum. Ultraviolet Raman spectrum
test shows that ultraviolet stimulated Raman spectrum effectively restrains the scattering of sp’ carbon and the non-
diamond fluorescent background. The presence of 1140 cm ' peak in the visible Raman spectrum attributed to the
increase in quantity of trans-polyacetylene and the intensity enhancement of sp’® carbon scattering. Through the
visible Raman spectrum detection, it is found that with the decrease of grain size, the intensity of 1140 cm™' peak
and 1460 cm™' peak unceasingly strengthens, the intensity of the diamond peak constantly lowers, and the full width
at half maximum (FWHM) of diamond peak continually broadens. The content of sp® carbon decreases in the film.
When micron diamond replaces cemented carbide as substrate material, the FHWM of diamond peak has greater
decrease, and its intensity increases significantly. Impurity components in the films reduce significantly.
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Table 1 Deposition parameters of samples

Gas Substrate Ratio of Total gas
Sample Substrate material
pressure /kPa temperature / C methane /% flow /(em® /min)
a 1 780 3 200 Cemented carbide
b 2 780 3 200 Cemented carbide
c 3 780 3 200 Cemented carbide
d 4 780 3 200 Cemented carbide
e 1 780 3 200 Micron diamond

(a) sample a

K1 AR SEM KR
Fig.1 Surface SEM images of the different diamond films
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Fig. 2 Effects of grain size on Raman spectrum

of CVD diamond
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Table 2 Peaks of different structural
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Fig. 3 Lorentz fitting to Raman spectra of sample a

3 R 4 40 4

carbons in Raman spectra of NCD films

1

Peak position /cm™ Peak width /em™!

Assignment

1100~1150 (peakl) 40~80 Trans-polyacetylene on grain boundary or disordered sp® carbon
1230~1280 (peak2) Maximum in the diamond vibrational density of states
1332 (peak3) 5~27 Diamond
1350 (peak4) 250 sp® amorphous carbon (D mode)
1430~1470 (peak5) 80 Trans-polyacetylene on grain boundary
1520~1580 (peak6) 100 sp® amorphous carbon (G mode)
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Fig. 4 UV Raman spectra and visible

WA H13. 36 em ™ CEIME) . F3Hh AR 2 T
A v R] DL S e O R R A R R 1 SO T R R
P ZE CVD G W7 3 I Ay 56 (A b1 R L Al 4 WA
il L B H A 2% B A7 AE — 58 BOLEOR BB A T L
FEFE 4 15 SN B R O6 H » aX 26 IR 3R AT RO A
il - 9T FEEATH K

P 4 FR R OGS 1 BOR 25 57 T B I D A AT
WG S i v sp® 4103 1Y B AT LE sp” RARZ .

0.35
—o—ultraviolet Raman & (b) sample b
0.30} - visible Raman ]
g
~ 025 ‘ *
= ~
< 020t e S
z .
1] -
Z 010} H;f
OO "”’”ﬂ’n}{ \k\
0.05F o w
ol ,
400 800 1200 1600 2000

Raman shift /cm™!

§1 6385 e 2 5 i

Raman spectra from sample a and sample b

0707002-3



i

# ot

7T Bt oL 1) 90 /)N 5 i B0 T AR DR, CVD 4 Wi
sp” Bk Y 5 B 3G 0, BT LA 46 WA W6 o 23 Bl T E T ik
D W iy #4855 5 T 7 58 AL 52 O 1% v sp” HIUH 94T 2%
T A WA RRAE I ) R A T B E R .

i e L RN E U =B 3 s L S
ZAE 1060 em " Ab H B — AN RRAE 0Ll R iE O T i,
P — AP it el T D LA TE E TR B 1Y sp’ 45 1 3
Y= 1, 3 H Merkulov 28587 Fi1 Gilkes 2857 (1 1 9%
R ARTER GNP BEE sp’ & 5 1 Th i i I Y
SR TE e E IR R A SE I b O oK Hh B, UE B 2
P18 S A A7 A W T I TG ke % i AR

J A FE B 4 hoEr RLOW %R #1140 em '
1460 cm "W AE 58 SMRL S O3 Hb 1] i BB R Y 0L
i B [l B HL 5 3 b 2] R B . Ferrari 5557 58 1 F
FEA PR WO R 2ok, KB 1140 cm ™!
1460 e AT REERSR IR T R S fe . BARXAOF
FANMEE T 1140 em 'K H 99K G W A7 7 45
W HEEERTE CVD &R A EEP R - E
L BT il SRR A ORL R TET 0 57 B T R 98 S 23 fif
A T RR S I, AL AR R R R S RS £ W)
Iy 2 P& 3 AT IO L O 1 b R SR LR IR L 4
AR EAG 2, B DATE AT WOz 2063 . 1140 em ™!
W 2 Wi A it i /s 31— s B T B
3.2 RRHIXS A IS AL 8 5tk pY %

SENES ISR N TR AR C o NI Dok A= o8 = s R
AR I FWHM (% 28 4k, CVD 4 [ A7 45 4F 0 1)
FWHM — & 8l iA 2y 5 4 W A1 00 25 & 52 F0 it B A
KL RIRERIA ) FWHM AR 2~3 cm™ ', il
() CVD 4 W47 1 FWHM 55 3% {f 5 5 70k 45 4 W
AT BT . R S R HIBEE doR RS 28 /N 4
WA R W Y FWHM 22 K, U W B8 &ORL 9 /)
S VAT AL PP ) 55 o 38 o < MOt B B

~ B[ a FWHM of diamond lens

‘526- /

224-

%‘ 221

g 20t

Sl -

i S

Em- T

10

a b c d
Sample

5 foR R /N 4 WA I A7 5 FWHM 5952 1)
Fig. 5 Effects of grain size on FHWM of diamond peaks

T R B RS [ WA A ) R B A AR R A
— AR AR FE K AN TR RE S B2 I R g — Ok, i
Bl 6 AT DL il b R /N X 25 W 1 58 B PR S ) . B R
RSFR3E R 1140 em ™' Fl 1460 em ™' B 58 B 76 A W
AR ARG Ferrari 2550 (0T 58 . X WH I 6 K B
B BT Z B W) AR AL B A FE PR I R R . A&
A7 4 AR W 1 5 B SR b B i R 1Y 28 DR AR R L TG E
JEtk D W G A 5 AR Y 28 A B AR . B b R 100
AT 5 B8 R R BRI

—0-1140 cm™!
0.7F 01250 em!
| o / : —-1332 cm™!
0.6 | - - v-1350 cm™!
5 o~ 1460 cm™
i #1580 cm™
: N/ X
5 04f o —
203} o | B
&
S0z o——gl N
/////V ~_ —— 0
01r A— -
. .
a b ) d

[ 6t R /N X AS ) 9 Jo W L #9521
Fig. 6 Effects of grain size on the peak intensity

of different materials

SR YT T M T AR T T e M Ay a0 B R £ 28
A % 4 WA AR AT 0 5 B R Il 4 I 4R A 0 5 R Y
FAE #EAT B . — R AE AT WO VE TR 15 2
18 4 WA 2 03 L 78 4 I A 0 A 8 5 2 A [R) 1) 1
LN A SRR L A WA R 60 £ DAL IR A A
[F] & & T peakl.peak2, peakd,peak5,peak6 (F 2)
{14 58 B 0T 4 NI R A 0 58 B T LU AELIE A e v
ns vng » I HAN g AS TR W) ot 22 1) 3% A7 AH B 5 i, 0
CVD 4 W A7 I v 46 WA 79 2 R

o= 617“ (D
DY Ty /1)

A Lo BRI B T Peaki B3R ; R n, =
Lo XD A H] R BT RIAE . 2 nies B— R
HUAR TR P ARG A R WK 7, hE 7w
FNXEF AR nicirs) o 4 WA B 09 78 Ak A 25 A [
(0 R B < I 1 R TR BE v 4 Wy R
e B 7)) KT B F ns B A AR T [A] —3k
B @ (IR W, f & ] 40 bl 25 AR 3 K, A
AR I & WAt AN T s P AU T 7E 30~
80 Z [ AR fL it . NCD #ifiE a F1 b 1) 4 W A1 & 2 2
Th =7 33 DA TET 156 B 72 94 0K 42 Iy v B o Al 4 A
JI 53 6 T RS 1) L 2 Y i A7 7 AR R ) 4 WA R AR

0707002-4



RIS -

A RAL S TURR 6 W A B o 2 D 3

e 7 ] UL O 2 i Hh R R BRI

1.00

0.95 @
0.90 s——
0.85 pe
g 0.80 :
N ’ /
u / 0 n=30
£ 075 oé// i
: omof g/ ~&- n=50
K V- n:gg
o —O-n=
o n=80
0.60—0/ =
0.55] E/
0.50 —
a b C d

Sample

!

1.00 | -

0% %@%ﬁ e

0.85

)/L] _—

b

C 8

§ 0.70 1<

) . }J

& 0.65 )
0.60 |- ) /
0.55 [ /
0.50

\
184854
OoTe®

/
]

0 40 80 120 160 200 240
Scale factor n,

B 7 Ca) @Rk RN Co) AL IRk 9 5 P 4 R A 5 4 B9 2 Tl

Fig. 7 Effects of (a) grain size and (b) scale factor on the diamond content in films

L b PG B PR S i CVD 42
WA B R T <3 » A8 B 4 9 2 800 R
WC.WC 54 W7 Z [] f# A% B9 A IR (73 CVD 45
W A1 PR St ASE PR S A P R B I T 7 0B 114 V2 2 i
I 3 A B B S S fef 31 S B 2 s L O A
NCD fyad 2 b T B4 1% R 9 4 U0 B R AR R —
UBAZ R R B R BH L 1 b kL A 4R 22 1 45 2R
TS L A K B AN 5 4 DL % R P S R I D 3
DA b D PR R B T 4 A ek EWHM Y 5E4E

[ I, 75 S 50 v Sy T A B Y R R e
TR A8 B TR 5 8000 B C— RO <6 W i 5 ek
Bk PEORL BT B 10 26 A7) o e AR R VA 2 R AR 4R
(SRR SR EN T LIRS | WEEE:- N FaV° o
WA F8 5 PR AR R B2 AT i G321
A oy — 5L A 301 TR T sp?/sp” B R
5 1140 cm " WA 0 A o i oRL Y D/ 2 il b S T AR
SR O TIAE 22 4 WA AR < WA R 3
BAE AR A BT LA TE R4/ 2 5 1 3 1140 em !
W, I ELBEE ARz B8/ 1140 em "2 SR BT
(7] F 30 58 v 5 W7 5 BRI

Li LTIk CVD 94K 4 Wl 7 1 T WoL fr &
Tl b WA AR AR Y 2 AL 5 1140 em ' IR
B SR A A TR I DR HK S e 4 /MBS A 6 B A2
PR L SRR T AR A S PR DU 7 T NCD i i Az
KM,
3.3 EEMEIXH 8 XIER R

B 8 JEilkE e Fl a By ml DGR D3 iy HL .
9 BN IAAE e LI AL AR, i 20181 3. 8. 9
AT IRRE a T e 2Z [ die R AN [R]E T 4 I A7 o ik 06
(156 5 A1 FWHM, #Lafifl) NCD I, 1332 em ' 1Y
SRR FWHM 54k (EUR G e Y7 20638

1332 em "Wy B R HAUA S5 R R L FWHM ik
BT 12 em™ L ORI R DG G S5 23 5K il S 1)
1332 em ™' () FWHM, B8 5iAFE a A LG 38 e 2B K
SRR KAV AE T AR AR B T 5 428 T
CVD OR G WA . T AR K AEOK & WA 2 F i R
ey Rl B 55 0 R db A% A JL T ) 1) A A% 5 4
JIT LA B R NCD 3 R P ER I 3 I il 2D o s A
JEiE H sk Wk 1332 em ' By FWHM 48 %5, (i
1140 em™ 'l 1460 em ™ 'IERY IR SR a 25 R B,
D338 B A 5 35K T A A7 RO O R 3K 7 08 34 i 1
Ji R 2 ok 2 AL .

30

o—sample a
’/ﬁ”A ~—sample e

Do
S
T
>

DO

(=]
T
e

Intensity (10° a.u.)
— —
IS

M Mﬂwﬂt\kw-
oo

400 800 1200 1600 2000
Raman shift /cm™!

[
T

Bl 8 e a FIAFE e 19 R] WOGHL S 1k
Fig. 8 Visible Raman spectra from sample

a and sample e

T34 IR D AR e tha NI iYL I
SARE a XFH L AR WA 10 Fros . o P AT AL AE A [R]
R e e RS WIa& 208 & Tk a.
I HAUH T8 30~80 WAL IXHE e @ (HA92E 1L
AR AR TR 2 XA TR e 19 NCD B H 2%
TR A o AR 4 WA 80 %o < M A 0K BE 1953 T 0
T X AP B G A DR R KR e TR ROK G WA B A AR
R TS )2 BELP T BT e R R Bl Al )

0707002-5



# ot

|  —o— peakl
L0 —o— peak2
—— peak3
_ 0.8+ _o peakd
= —— peakb
& 0.6 —x— peak6
> —— fit curve
'% 0.4 o original curve
=
0.2+
oL achiOs
400 800 1200 1600 2000

Raman shift /cm™!

B9 BRE e ihr 8O0l &

Fig.9 Lorentz fitting to Raman spectra of sample e
NCD I B A7 85 Ak LA Bz B A op 5 o0 28 78 & i T 1)
NCD 5 iy 3™ i A i 35 17 NCD il Ji 5 2 32 =
JIT A ER DA B 234 A K 3. 2 75 o OG T R 43 i T
FEPR 23 T 2o il A% DG 50 AR 1A 3R )2 2% B A K A 1% 3k
PR R NCD #9507 A= W1 2 5200

1.00
0.95
0.90 ok ol

© 085~ .

E; 0.80F | ~ =

8075 o

5 070 A

A 1
0.65]- ;/
0.60 4

0551/

0.50 :
0 40 80 120 160 200 240

Scale factor n,

P10 B ek xi g B e 4 W A 43 1) 5 T
Fig. 10 Effects of substrates on the diamond

content in films

4 % g7

1) 38 3k % Lo 28 A 2o ik Fa] UL & O g
RIAERT DLOGHL 2 O35 b sp® A 25 A% 5 1 F AR
17 A DGR Z 061k 1140 em ' 04 77 A= 1 Jit [ 2
fi R I /N (T v i SR 2 B B 2 DL K sp” ik 1Y)
B

2) i HFCVD ¥ 16 8 i & 4 51k B &%
NCD H , Sk T 3R A5 W =5 1 A% 28, (6 T e Al D52 A
AR AEREZMN ., mRIERME T A BFEERA
BT RG22 B R 1) A% 238 DA S R 1R g 9 2 ) Y
i A% 25 5 R (8 R A AN 58 4 DL R R PN 3 e B
() 14 22 T ARORLIR /N 55— S 25 SRR AL AR &

il B T o SRR B SOBR B A R 22 RRDE D i
ST BUBOR S A7 AE T i Ak 19 B3R R S 2% T
Z o WA AT DLYEHE S O6 3 P i 4 R R 1140 em
WA Y 3 0 LA i L D /)N 2 0 B B 4 1 5 o T G
At AR <5 P A 0 A 5 B b AR . e T AR A
P RO 3 2 2 i T <6 T A ) R 5 R BT LA WA
PR I 2 R Dok 55 B S A i T < A A A 0 1Y
FWHM s 25 [H 2y i L 1) 9ok /) 18 182 1) Sk B3 34 22 1 5
o FTRL 1140 em A H B LR HL o B2 AR 0 4 W
R E W30 3 A FWHM B8 (b A 5 NTEIE R .

3) BERBH R 2 3 A A DE IC A R IR 2R )R %
Xt AR TE S AR i NCD g 5 5 7= A B 5 i,
S WA E L T P e B WA Y R AL U ) FWHM
A L R DR/ R R A R g R I P

T o

& F X

1 Dieter M Gruen. Nanocrystalline diamond films [ J]. Annual
Review of Materials Science, 1999, 29. 211—259.

2 S Prawer, Alon Hoffman, Sue-Anne Stuart, et al.. Correlation
between crystalline perfection and film purity for chemically vapor
deposited diamond thin films grown on fused quartz substrates
[J]. J Appl Phys.1991, 69(9): 6625—6631.

3 R G Buckley, T D Moustakas, Ling Ye, et al.. Characterization
of filament-assisted chemical vapor deposition diamond films using
Raman spectroscopy [ J ]. ] Appl Phys, 1989, 66 (8):
3595—3599.

4L C Nistor, Van Landuyt, V G Ralchenko, e al..
Nanocrystalline diamond films' transmission electron microscopy
and Raman spectroscopy characterization [ J ]. Diamond and
Related Materials, 1997, 6(1). 159—168.

5 A C Ferrari, J Robertson. Origin of the 1150 em™ ! Raman mode
in nanocrystalline diamond [ J]. Phys Rev B, 2001, 63 (12):
121405.

6 SM Huanga, Z Sun, Y F Lua, e al.. Ultraviolet and visible
Raman spectroscopy characterization of chemical vapor deposition
films[J]. Surface and Coatings Technology, 2002, 151-152:
263—267.

7 Ye Yongquan, Kuang Tongchun, Lei Shumei, et al.. Technique
progress in Raman spectroscopy characterization of diamond or
diamond film [ J]. Diamond and Abrasives Engineering, 2007,
(5): 17—21.

KA E R AR U, L A RLA (D R HL B ORI R AR R
SERELT]. A RlE SRS R TR, 2007, (5): 17—21.

8 V I Merkulov, J S Linnin, C H Munro, e al.. NV studies of
tetrahedral bonding in diamondlike amorphous carbon[J]. Phys
Rev Lett, 1997, 78(25). 4869 —4872.

9 K W R Gilkes, H S Sands, D N Batchelder, et al.. Direct
observation of sp® bonding in tetrahedral amorphous carbon using
ultraviolet Raman spectroscopy[ J]. Appl Phys Lett, 1997, 70
(15): 1980—1982.

EERE - FLE

0707002-6



