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Nitrogen (N) and boron (B) doped 6H-SIC has been proven as a high-efficiency
wavelength converter material in white light-emitting diodes (LEDs) [1, 2]. The light
extraction efficiency of semiconductor LEDs is usually low due to the internal
reflection loss. In this work, we obtained broadband surface antireflection and
omnidirectional light enhancement on fluorescent 6H-SiC by fabricating antireflective
sub-wavelength structures (ARS).

To fabricate the ARS on SiC, a positive photoresist layer was first spin-coated on
the 6H-SIC sample and then prebaked on a hot plate at 160°C for 2 minutes. The
designed mask pattern was transferred to the photoresist coating by applying the e-
beam lithography. After the development, a hard mask layer was deposited on the
patterned photoresist using the e-beam evaporation with a subsequent lift-off
process. The dot-shaped pattern was then obtained on the hard mask. The dry
etching process using SFg and O, precursors was carried out in the reactive-ion
etching system and the etch conditions were well optimized. Finally, the cone-shaped
ARS with designed configuration (bottom diameter of 250 nm, pitch of 350 nm, and
height of 1.4 um) were formed on the SiC surface. An oblique-view scanning electron
microscope (SEM) image of the ARS pattern is shown in the inset of Fig. 1(a).

The surface reflectance of the bare and ARS SiC samples were measured by a
goniometer system at a measured angle of 6 degrees, where 0 degree is the
direction normal to the sample surface. The reflectance spectra were measured from
390 to 785 nm which covers the entire visible spectral range (typically from 390 to
750 nm) and the results are shown in Fig. 1(a). It is seen that the surface reflection is
effectively suppressed by applying the SiC ARS. The average reflectance over the
measured spectral range decreased from 20.5 % to 1.0 % and the minimum
reflectance close to 0 was observed at around 400 nm for the ARS SiC sample.
Although the reflectance starts to increase at above 680 nm, the reflectance over the
entire visible spectral range is below 2 %. This result suggests that the SIC ARS is an
effective way to suppress the surface reflection for the fluorescent SiC sample in the
whole visible spectral range.



The angle-resolved photoluminescence spectra of the SiC samples with and
without the ARS were also acquired by the same goniometer system. A 377 nm
diode laser was used as excitation source which was normal to the sample backside
and the detected emission angle varied from 16 to 80 degrees. Fig. 1(b) shows the
spatial emission patterns for both samples, one can see that the luminescence
intensity increased at all emission angles with a well preserved spatial emission
pattern. It is also found that the luminescence intensity was enhanced by more than
91 % in a very large emission angle range (up to 70 degree). From Fig. 1(c), it is
seen that the luminescence intensity of the bare SiC decreases together with a blue
shift of the peak wavelength as the emission angle increases from 20 to 70 degree,
which could be attributed to the Fabry-Pérot microcavity interference effect. In Fig.
1(d), although the luminescence intensity of the ARS SiC also decreases with larger
emission angle, the peak wavelength remains the same which is due to the
elimination of the Fabry-Pérot microcavity interference effect by introducing the ARS
on the SiC surface.

In conclusion, fabrication of antireflective sub-wavelength structures on fluorescent
SIiC is an effective way to suppress the surface reflection over the entire visible
spectral range and achieve the omnidirectional light enhancement.
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Fig. 1: (a) Surface reflectance (inset: SEM figure of fabricated ARS on SiC); (b)
spatial emission pattern; angle-resolved photoluminescence of (c) bare and (d) ARS
SiC samples.



