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Abstract: Diamond films prepared by conventional microwave plasma chemical vapor deposition
(MPCVD) often face issues such as low growth rates, disordered grain orientations, and non-diamond
phase defects, which limit further enhancement of their optical properties. This study introduces CO: as an
auxiliary gas to deposit high-quality diamond films using the MPCVD method. Diamond film deposition is
conducted by introducing different flow rates of COz, and the optical emission characteristics of the plasma
under varying CO; flow rates are measured using optical emission spectroscopy (OES). The crystallinity
quality, grain orientation, surface morphology, and growth rate of the diamond films are characterized by
XRD, Raman, and SEM. The results indicate that adding a certain amount of CO: (flow ratio of CO,/CH,=
2/6) is conducive to obtaining diamond films with a high (110) preferred orientation (I>50/I111=18.19). An
excessively high CO./CH, flow ratio intensifies the etching effect of oxygen-containing groups, reducing the
degree of preferential grain orientation. The addition of an appropriate amount of COs significantly improves
the crystalline quality of the diamond, with the full width at half maximum (FWHM) of the diamond
characteristic peak decreasing from 12.68 ¢m ' to 8.26 cm ‘. Furthermore, the addition of a suitable
amount of CO- promotes diamond growth to some extent. Under the optimized flow ratio condition of CO./
CH.=2/6, this study successfully prepares a high (110) orientation (I>20/I1:=18.19) diamond film with a
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growth rate of 4 pm/h. After polishing, the self-standing diamond film achieves a transmittance of 71% at

the 10.6 pm wavelength. Its transmittance in the long-wave infrared band approaches the theoretical value,

meeting the requirements for applications such as long-wave infrared optical windows and extreme

ultraviolet lithography machine windows.
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Table 1  Deposition parameters of diamond samples

Sample Microwave power/kW Flow rat'e70f H/ Flow raFeiof CH/ Flow ratio of Pressure/kPa Temperature/C
(mL-min1) (mL-min ') CO,to CH,
1 8 100 6 0 20 90045
2 8 100 6 1/6 20.2 900+5
3 8 100 6 2/6 20.3 90045
4 8 100 6 3/6 20.5 90045
5 8 100 6 4/6 20.7 90045
6 8 100 6 5/6 20.9 90045
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(a)CO,/CH,=0; (b)CO,/CH,=1/6;(c)CO,/CH,=2/6;(d)CO,/CH,=3/6;(e)CO,/CH,=4/6;({)CO,/CH,=5/6
Fig.1 Surface morphologies of diamond films deposited with different CO,/CH, flow ratios
(a)CO,/CH,=0; (b)CO,/CH,=1/6;(c)CO,/CH,=2/6;(d)CO,/CH,=3/6;(e)CO,/CH,=4/6;({)CO,/CH,=5/6
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Fig.2 Growth rate of diamond films with different CO,/CH, flow ratios
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Fig.3 Optical emission spectrum of the microwave plasma in the

400-1000 nm wavelength range
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Fig.4 Variation curves of chamber I(C,)/I(H,) with different
CO,/CH, flow ratios
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Fig.5 XRD patterns of samples grown with different CO,/CH, flow ratios
(a)CO,/CH,=0; (b)CO,/CH,=1/6;(c)CO,/CH,=2/6;(d)CO,/CH,=3/6;(e)CO,/CH,=4/6;({)CO,/CH,=5/6
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Table 2 Orientation of samples grown with different

CO,/CH, flow ratios
Sample Iy Loy I Lao/In
1 100 216.64 14.51 2.16
2 100 915.24 159.96 9.15
3 100 1819.51 56.03 18.19
4 100 432.92 103.91 4.35
5 100 363.74 53.16 3.63
6 100 235.36 30.51 2.35
PDF706-0675 100 25 16 0.25
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Fig.6 Raman spectra of diamond grown with different

CO,/CH, flow ratios

JITA 1 4 WA RE L ZE 1332 e ! BRI 2 o 4
WA R AIE 0, LI iR Bl 25 C O, 1IN AT 28 ST 14 56, 35 1K
HP AR 2yt £ B D g B A 1140 em AR

£3 AECO/CHAELERENANE S FIEEERE
Table 3 Raman FWHM of diamond grown with different

CO,/CH, flow ratios
Sample Raman shift/cm ™' Raman FWHM/cm ™!
1 1332.6 12.68
2 1332.6 11.78
3 1332.7 8.26
4 1334.4 8.35
5 1334.0 9.73
6 1333.6 8.56
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Fig.7 AFM image of the polished diamond sample grown
at CO,/CH,=2/6
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Fig.8 Infrared transmittance spectrum of the diamond sample
grown at CO,/CH,=2/6
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Fig.9 Near-infrared-ultraviolet transmittance spectrum of the diamond
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