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[Introduction] Recently, we reported thermal-oxidation-induced lattice distortion locally at the surface region 

of 4H-SiC caused by the formation of SiO2/4H-SiC interface [1], however, the origin of such anomalous 

distortion has not been clarified yet. In this report, we investigated the impact of O and Ar implantation on the 

lattice structure of 4H-SiC (0001) surfaces to compare with that of thermal oxidation, directly from the changes 

of the interspacing of lattice planes perpendicular to the wafer surfaces by in-plane X-ray diffractometry 

(XRD) analysis. Since the damaged 4H-SiC structure due to O and Ar implantation have also been reported 

[2, 3], we may expect a similar effect on the lattice structure on the surface region as that of thermal oxidation 

if we assume the interstitial atom is the origin of such anomalous distortion of the lattice. 

[Experimental] 4 off-axis 4H-SiC (0001) wafers with 5 m-thick n-type doped (1  1016 cm-3) epitaxial 

layers were used as substrates in this work. For the sample with thermal oxidation, the dry oxidation in 1 atm 

oxygen (O2) gas at 1300 C for 18 min was performed, followed by annealing in O2 at 800 C for 30 min. For 

the samples with ion implantations, O and Ar ion implantation were performed at the dose of 1015 atoms/cm2 

at 15 and 35 keV, respectively. Around 10 nm-thick SiO2 was deposited on 4H-SiC samples before 

implantation. For the implanted samples, Ar annealing at 1300 oC for 10 min was performed after oxide 

removal. All samples were then characterized by using in-plane XRD. The shallow incident angles from 0.23 

to 1.25 degree were employed to limit the X-ray penetration depth from around 5 nm to 1.5 μm. 

[Results and discussions] Lattice distortion at the surface region of 4H-SiC was observed as the increase of 

(11̅00) interplanar spacing, d(11̅00) [1]. Penetration depth dependence of d(11̅00) of O-implanted 4H-SiC at 

the dose of 1014 atoms/cm2 and 1015 atoms/cm2 and thermally-oxidized 4H-SiC sample with around 29-nm 

thick SiO2 were shown in Fig. 1(a). For the O-implantation samples, the higher dose induces more significant 

lattice distortion. Furthermore, the distortion is almost as large as the one induced by thermal oxidation. The 

significant lattice distortion induced by O implantation could be caused by two possible factors, O-effect itself 

or high dose implantation effect. Penetration depth dependence of d(11̅00) of Ar-implanted 4H-SiC was shown 

in Fig. 1(b), while the comparison between the impact of O and Ar implantation and thermal oxidation was 

summarized in Fig. 2. Both O and Ar implantation induces significant lattice distortion, almost as large as 

induced by thermal oxidation. High dose implantation, irrespective of ion species, causes lattice expansion in 

implanted layers due to the formation of excess interstitials and vacancies, while heavier ions tend to cause 

larger effects [4]. Higher amount of interstitials and vacancies is expected to be induced by Ar than O 

implantation, however, Fig. 2 shows that the impact of O is much more significant. Besides the interstitials 

and vacancies, O possibly causes additional distortion by forms a chemical bond with Si and C atoms to 

induces a bond rearrangement, which might be a more dominant factor. Our results revealed that both ion 

implantation and thermal oxidation induces significant lattice distortion at 4H-SiC surface, while the existence 

of oxygen inside 4H-SiC might be a dominant factor to induce the lattice distortion. 
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Fig. 1. Penetration depth dependence of d(11̅00) of thermally-oxidized 4H-SiC and 

(a) O-implanted 4H-SiC at different dose and (b) Ar-implanted 4H-SiC at the dose of 

1015 atoms/cm2. 

Fig. 2 Comparison between the 

impact of O and Ar implantation 

and thermal oxidation on the lattice 

structure of 4H-SiC surface. 
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