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Effect of hydrogen etching on 6H SiC surface morphology studied by
reflection high-energy positron diffraction and atomic force microscopy
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Hydrogen-etched 6H Si@0001) surfaces have been studied by reflection high-energy positron
diffraction and atomic force microscopy. It was found that residual damage on the surfaces were
effectively removed by the hydrogen etching as compared to the HF etching after the oxidation. The
hydrogen-etched surfaces were atomically flat. After the oxidation following the hydrogen etching,
the surface roughness was found to increase and an anomalous dip structure appeared in the rocking
curve of the reflection high-energy positron diffraction. 2000 American Institute of Physics.
[S0003-695(00)02209-9

Silicon carbide(SiC) is a promising semiconductor as for 2 h in order to create a fresh oxide layer, dipping in
high power, high frequency, high temperature, and radiation5%-HF to remove the oxide layer and boiling in ultrapure
resistant device materials. These are due to the wide bangater(specimen No. £ (iii) annealing in H gas(100 Torp
gap, high electron saturation velocity, high breakdown volt-with a flow rate of 2 slm at 1400 °C for 8 {specimen No.
age, and high thermal conductivity of SiC over those of Si. 3), and(iv) oxidation in an Qgas at 800 °C for 4 h, dipping
To fabricate high performance devices, it is essential to obin 5%-HF and boiling in ultrapure water after the kBnneal-
tain atomically flat, clean, and inactive surfaces without ox-ing (specimen No. ¥ The treatmentiv) was made to ob-
ides. It is however difficult to remove oxides completely onserve the effect of oxidation on the hydrogen-etched surface.
SiC surfaces and to terminate the dangling bonds withrhe specimen No. 3 showed almost perfect hydrophobicity,
atomic hydrogen by the HF treatment ordinarily used in thewhich suggests that oxides on the surface were effectively
Si technology? removed by the hydrogen etching and surface dangling

The etching of SiC surfaces in hydrogen atmospheres @onds were terminated with atomic hydrodefihe speci-
high temperatures has long been recogniz&ecently, it mens Nos. 1, 2, and 4 did not show perfect hydrophobicity
has been found that damage on SiC surfaces formed duringdicating that oxides were not completely removed by the
slicing and polishing processes are removed by the hydrogeRF treatment. Surface morphology of the above specimens
etching above 1400 °¢> Moreover, dangling bonds on SiC was observed by JEOL JSPM-4200 atomic force micro-
surfaces are found to be terminated with atomic hydrogemcope. Root mean square roughneBg) (was also deter-
after hydrogen etching above 1100 °Gt is important to  mined. Reflection high-energy positron diffraction measure-
investigate hydrogen-etched SiC surfaces both in fundamemnents have been performed[dt100] incidence using a 20
tals and applications. keV positron beam generated by an electrostatic method de-

Reflection high-energy positron diffractiotRHEPD  scribed elsewher¥. The rocking curvesintensity as a func-

has the capabilities to analyze surface structirgsing the  tjon of glancing angley) for specularly reflected positrons
total reflection of positrons at the topmost surface, the sensiyere also determined as integrated intensity.

tivity of diffracted beams to the surface is enhanced as com-  Figures 1a)—1(d) show the AFM images of the speci-

pared to reflection high-energy electron diffractfhin this  mens Nos. 1 to 4. It is found that the surface morphology
research, we have studied hydrogen-etched 6H SiC surfacggongly depends on the treatment. From Figs) and 1b),
using RHEPD and atomic force microscofé=M) observa-  the surfaces of the specimens Nos. 1 and 2 are fairly rough.
tion. The results of RHEPD and AFM were compared inThe size of the bump on specimen No. 2 is slightly larger
detail. _ . _ than that on specimen No. 1. The roughnBg®f the speci-
Mirror-like polished Si faces of 6H SiG000) were  mens Nos. 1 and 2 is determined to be several tenths of A
us_e_d in t_his study. After decreasi_ng treatment by succe_ssivgnd approximately 10 A, respectively. Thus, the pyrogenic
boiling with acetone, sulphuric acid ¢8O,) and aqua regia  xidation and subsequent HF dipping reduce roughness. Fig-
(HNO5:HCI=1:3), the specimens were dipped in 5%-HF 10 ;e 1c) shows that the blannealing drastically changes the
remove native oxides and then subjected to the followingyrface morphology: The bumps observed for the specimens
different tregtments(n) sw_nply b0|l|ng for 2 min in ultrapure  Nos. 1 and 2 disappear and well-ordered wide terréaps
water (specimen No. L (ii) pyrogenic oxidation at 1100°C  roximately 70 ny appear although unspecified irregulari-
ties (white part3 are observed on the terraces. The step
3Electronic mail: ak@taka.jaeri.go.jp height between each terrace is approximat2lA that is
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FIG. 2. Specular pattern$1100] incidence in the total reflection region
(~1.2°) from (a) the specimen No. 1: boiled in ultra pure water after HF
FIG. 1. AFM images observed fda) the specimen No. 1: boiled in ultra- dipping, (b) the specimen No. 2: boiled in ultrapure water after pyrogenic
pure water after HF dippinglb) the specimen No. 2: boiled in ultrapure oxidation at 1100 °C fo2 h and subsequent HF dippin@,) the specimen
water after pyrogenic oxidation at 1100 °Cr 2 h and subsequent HF dip- No. 3: annealed in a Hgas (100 Tor) at 1400 °C for 8 h, andd) the
ping, (c) the specimen No. 3: annealed in adis(100 Tor) at 1400 °C for ~ specimen No. 4: boiled in ultrapure water after oxidation in gng@s (1

8 h, and(d) the specimen No. 4: boiled in ultrapure water after oxidation in atom at 800 °C for 4 h and subsequent HF dipping following thea-

an O, gas(1 atom at 800 °C for 4 h andubsequent HF dipping following  nealing. The lowest spots in each picture are direct beams.

the H, annealing.

proven by the AFM observations. The specular pattern of the
comparable to the Si—C bond lendth87 A). The roughness specimen No. 4 is also spot-like as shown in Fig)2The
Rq in the terrace is less than 1 A. These results suggest thaktness obtained by the,Hinnealing is not completely lost
atomically flat terraces and bilayer steps are formed by thgy subsequent oxidation. This also seems to be consistent
H, annealing. As shown in Fig.(d), the step structure with the AFM observations.
formed due to the KHannealing disappears after the oxidation Figure 3 shows the rocking curves of specular spots. In
at 800°C and HF treatmer(specimen No. ¥ Probably, Fig. 3(a), the intensity in the high angle region is also shown.
steps are eliminated by removing the oxide layer by HF dip-The peaks above 1.7° are assigned from the first to the fourth
ping. The roughnesR, of this specimen is 2—3 A suggesting Bragg peaks from the Bragg conditiéhTo see the differ-
the flatness after the Hannealing is well maintained. ences of the rocking curves in detail, the intensities corrected
Now we describe the results of RHEPD experiments. Inpy dividing with the geometrical factor (s#) are shown in
the preliminary experiments, all the specimens exhibited lhe inset of Fig. 3 for the specimens Nos. 1-3. From the
X1 diffraction patterns. That is, the surfaces have the bulkeurve (a) in the inset, the specular intensity of the specimen
like periodicity. This result is in accordance with the previ- No. 1 is somewhat suppressed below 1.3°. The c(syéor
ous low-energy electron diffraction experimehtsThe ap-  the specimen No. 2 shows a plateau between 0.8° and 1.5°
pearances of diffraction patterfise., not halo patternsalso  but is still suppressed at lower angles. The positron reflec-
indicate that the surfaces are not completely covered byivity should not decrease in the total reflection region for an
amorphous oxide layers even if oxides remain. ideally flat surfacé The suppressed intensities of the speci-
Figures 2a)—2(d) show the patterns of specularly re- mens Nos. 1 and 2 at low angles are explained as the repel-
flected positrons for the specimens Nos. 1 to 4 surfaces in thing and/or absorption of incoming and outgoing positrons
total reflection region, i.e.f<1.7°. Figure 2a) shows that by large roughness. On the contrary, the cujan the inset
the specular pattern of the specimen No. 1 definitely splitsshows that the specular intensity of the specimen No. 3 does
Considering the results of the AFM observations, the splinot decrease in the total reflection region. This result shows
pattern is probably due to a scattering of positrons at thehat the surface roughness of the specimen No. 3 is much
edges of the bumps. The specular pattern of the specimeeduced by the hydrogen etching. Thus the change in the
No. 2 is no longer splitting as shown in Fig(k2. The dif-  specular intensities in the total reflection region from the
ferences in the specular patterns of the specimens Nos. 1 asgecimens Nos. 1-3 is explained as the improvement of sur-
2 may reflect their different surface morphology shown inface roughness as well as the change in the specular patterns
the AFM imagegFig. 1). The improvement of the specular shown in Fig. 2.
pattern for the specimen No. 2 suggests that the surface be- As shown above, the roughness of the specimen No. 4 is
comes relatively smooth as compared to that of the specime2-3 A at most, which is only slightly larger than that of the
No. 1. The streak pattern however indicates the broadeningpecimen No. 3. The specular pattern is spot-like as well as
of the Laue function probably due to small terraces on whickthe specimen No. 3 as shown in FigdR However, Fig.
positrons are scattered. On the contrary, Fig) 8hows that  3(d) shows that the specimen No. 4 gives rise to an antici-
the specimen No. 3 gives a spot like pattern. This resulpated dip structure at 1.5° in the rocking curve. The dip
shows that the hydrogen-etched surface is atomically flat astructures appear due to the interference effects of positron
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. . clarify the effect of oxidation on the surface flatness both
T from fundamental and technological viewpoints. Further
studies are in progress to elucidate the origin of the dip in the

- total reflection region.
\‘\ (© In summary, 6H SiQ0001) surfaces have been studied
*

through RHEPD and AFM observations. Both methods pro-
TN, vide a consistent result that atomically flat surfaces are ob-
T, b tained by the hydrogen etching. The flatness of the
.“‘\(a) hydrogen-etched SiC surface is well maintained even after
oxidation while an anomalous dip appears in the RHEPD
1 2 rocking curve. The hydrogen etching is expected to be one of
GLANCING ANGLE (deg) the important processes to obtain flat and inactive surfaces in
the SiC device fabrication.

-

CORRECTED
SPECULAR INTENSITY (arb. units)
3

(b) The authors are sincerely grateful to Professor A.
Ichimiya of Nagoya University for his fruitful discussion.

SPECULAR INTENSITY (arb. units)

(a) 1see for exampleSilicon Carbide edited by W. J. Choyke, H. Matsunami,

and G. Pens(Akademie, Berlin, 19917

2T. Ohmi, J. Electrochem. Sot43 2957(1996.

T B 3J. M. Harris, H. C. Gatos, and A. F. Witt, J. Electrochem. Siis, 380

0 1 2 3 4 5 6 (1969.

GLANCING ANGLE (deg.) 4C. I-!allin, A. S. Bakin, F. Owman, P. Mensson, O. Kordina, and E.
Janze, Inst. Phys. Conf. Sefl42 613(1996.

FIG. 3. RHEPD rocking curves of the specular begfisL00] incidence 5P. Matensson, F. Owman, and L. |. Johansson, Phys. Status Sa#@2B
for (a) the specimen No. 1: boiled in ultrapure water after HF dippiby, 0% (1997. _
the specimen No. 2: boiled in ultrapure water after pyrogenic oxidation at~H- Tsuchida, I. Kamata, and K. Izumi, Jpn. J. Appl. Phys., P&,2.699
1100 °C for 2 h andsubsequent HF dippindg) the specimen No. 3: an- 7(1997)-
nealed in a K gas(100 Tor) at 1400 °C for 8 h, andd) the specimen No. aA' Kawasuso and S. Okada, Phys. Rev. L8t}. 2695(1998.
4: boiled in ultrapure water after oxidation in an @as(1 atom at 800°C A Ichimiya, Solid State Phenor2§/29, 143(1992/93. _
for 4 h and subsequent HF dipping following the &hnealing. The vertical The critical glancing angle of the total reflectiof; , is given by sing;
dotted line shows the critical angle of the total reflection. The inset shows =(eVo/E)"% whereV is the inner potential ank the beam energy. For
the intensities corrected with the geometrical factor @ifor the specimens the estimation of the inner potential, see P. A. Doyle and P. S. Turner,
Nos. 1-3. Acta Cryst. A24, 390(1968.

10A. Kawasuso, S. Okada, and A. Ichimiya, Nucl. Instrum. Methods Phys.

. .~ Res. B(to be publishe

waves caused by adsorption on flat surfaces and/or atomi€u. starke, Phys. Status Solidi 202, 475 (1997.
scale(monolayer and bilay¢roughness on large terraces.  **The Bragg condition is given b sir 6=37.51%/d°+ eV, where is

Considering residual oxygen after HF treatménf) the the glancing anglen the integerd the atomic plane spacing.
above dip structure is possibly caused by oxygen adsorption.’;h}zavl‘;aesvusé’élgl';%“&‘géo“"' Yoshikawa, S. Okada, and A. Ichimiya,
An alternative explanation is the roughness formed durings; Sc.hardt,. ch. ’Bram, S. 'Me.r, U. Starke, K. Heinz, and K. Mler, Surf.

oxidation and subsequent HF dipping. It is important to Sci.337 232(1995.




