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Effects of annealing and oxidizing acid treatment on quality of
diamond film fabricated by chemical vapor deposition method
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Abstract: Using H, and CH, as reaction gas source, the diamond film was prepared on Mo substrate under different

temperatures by hot filament chemical vapor deposition method (HFCVD). The morphology, quality properties of

post-treatment process were analyzed by field emission scanning electron microscopy (FESEM), Raman spectrometer

system (RS) and X-ray diffraction. The results indicate that the film with good crystal form, bigger and homogeneous

grains with average grain size of 0.5 pm can be obtained under 700 depositing; the residual stress is 2.72 GPa; after

annealing in a hydrogen atmosphere, Raman peaks intensity ratio of diamond and graphite increases from 2.780 0 to

4.451 6, the relative content of sp*carbon decreases by 37.6%(mass fraction), which shows film quality enhancement;,

the content of sp” carbon decreases by 26.8% and 69.0% ~73.0% of trans-PA is removed after H,0,(aq) treatment, and the

thermal stress is released.
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Table 1 Deposition parameters of diamond film on

Mo substrates

Filament

Filament Filament Substrate

substrate
temperature/

temperature/ power/W

separation/mm

2 20050 250.5 9=+1 650, 700, 750

Gas Total gas flow Reaction

. _1, (CH)/V (Hy)

pressure/kPa rate/(cm’min”") time/min

35 100 3% 60

1.2
1.2.1

2 HFCVD
Table 2 Parameters of hydrogen atmosphere annealing of

HFCVDed diamond film

Filament . Filament substrate
Filament power/W

temperature/ separation/mm

220050 250.5 9=+1

Hz flow
pressure/kPa  rate/(cm’min ")

Annealing H, Annealing

temperature/ time/min

650, 700 35 100 30




HFCVD 541

18 4
16.7V
1.2.2
30%( ) 30
mL
8 min
00Ky 40 20000x St 66 bsu "
1.3
Sirion200
Horiba Jobin Yvon Lab RAM HR800
Ar 488 nm 10 mW
2
2.1
2.1.1
1
SEM (20 000 )
o
(111) A
750 . . . .
[16] Fig.1 Surface morphologies of diamond films deposited
at different substrate temperatures
(a—750 ;(b)—700 ;(c)—650
2.1.2
133737
2
Mo Raman 1336.80 1482.41
1137.06
Labspac
Raman 148837
1558.45
2 1140.48
1337 ecm™ 3
o 148091
1 550 cm 114095 ‘350‘19
! 650 C
sp’ 1480 cm™ 1140 cm™ 800 1000 1200 1400 1600 1800
Wavenumber shift/cm
— (TPA)
(1] 2 Raman
. (700750 ) Fig.2 Raman spectras of diamond films deposited
11337 cm at different substrate temperatures
700

(@—750 ;(b)—700 ;(c)—650



542 2013 8

1140 1480 1550cm’ 29
2.2.1
1 2
3
1 332 cm™! Fy Raman (700
) 650 700
3
(2] 3 700
SEM
650 700
0=—1.08(ws—wy) 1)
(4l SEM
0=—0.384(w~wy) 2)
QD) SEM
13 6=-0.567(c, o)
wo=1 332 cm’! Raman
Wy
Wy 222 Raman
2.72 GPa LabRAM-HR Raman

< (GEET 4 v B
- N A X A Y .- ~al
Det WD p——+ 1um ¥ -AccV  SpotMagn  Det WD
20000x SE 6.1 CSU ; 10.0kV 4.0 20000x SE 6.7 CSU

I %Accy ~ Spot Maan  Det WD |—— 1ym P i ) Spot Maan  De
100kv 40 20000x SE 60 CSU ! 0KV 4.0 20000x S

& 2| Sl (TS A T Tl i TRY L EE

3 700 SEM
Fig.3 SEM surface morphologies of diamond films deposited at 700  and experienced different post-processing
(a)—Untreated; (b)—Hydrogen atmosphere annealing at 650 ; (c)—Hydrogen atmosphere annealing at 750
(d)—H,0,(aq) treatment
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Table 3 Wavenumber shift and peak intensity of Raman spectra of diamond films under
different post-processing using Acq method
Wavenumber shift/cm ™! Source Intensity, //(a.u.)
Peak1 1 140.5 Trans-PA 312.0
Peak2 1204.4 Amorphous sp’ carbon 150.6
Without . .
post-processing Peak3 1336.8 Polycrystalline diamond 1226.0
Peak4 1356.1 Graphite D band 275.1
Peak5 1489.5 Trans-PA 527.3
Peak6 1 568.3 Graphite G band 441.0
I(peak3)/I(peak6) 2.780 0
Wavenumber shift/cm ' Source Intensity, //(a.u.)
Peakl 1139.1 Trans-PA 164.0
. Peak2 12144 Amorphous sp® carbon 109.9
65(?““?211;%“22?;6 Peak3 1336.8 Polycrystalline diamond 988.7
Peak4 1350.1 Graphite D band 154.0
Peak5 1482.1 Trans-PA 300.4
Peak6 1568.5 Graphite G band
I(peak3)/I(peak6) 44516
Wavenumber shift/cm ™' Source Intensity, //(a.u.)
Peakl 1137.2 Trans-PA 84.3
Peak2 1204.4 Amorphous sp® carbon 68.1
H,0,(aq) Peak3 13321 polycrystalline diamond 870.9
Peak4 1345.1 Graphite D band 130.5
Peak5 14743 Trans-PA 165.5
Peak6 1 565.6 Graphite G band 227.8
I(peak3)/I(peak6) 3.8191
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