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Abstract: On the basis of Rigorous Coupled Wave Analysis( RCWA), an array of freestanding non-pe-
riodic GaN gratings were proposed to control the phase of an incident beam in the visible wavelength
region. Firstly, the Finite Difference Time Domain(FDTD) method was used to calculate the optical
responses of non-periodic GalN gratings based on the parameters such as period and duty cycle. Then,
a double-sided process and nitride back thinning technology were developed to fabricate freestanding
non-periodic GaN gratings on a GaN-on-silicon platformand to control the different phase shifts of in-
cident light. Finally, the optical performance of non-periodic GaN gratings was experimentally demon-
strated by angular resolved micro-reflectance spectra and photoluminescence spectra. The angular re-
solved micro-reflectance spectra show that the optical performance of the freestanding non-periodic
GaN gratings is in good agreement with that of the theoretical simulations by the FDTD method. The
photoluminescence spectra indicate that photoluminescence (PL) intensities of the GaN gratings are
greatly improved as compared to that of the GaN-on-silicon, and their emission peaks are from 364,

3nm to 378. 7nm. Moreover, experimental results give that the incident angular tolerance of the GaN
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gratings is —25°—25° in the visible wavelength region. In conclusion, the gratings are helpful for the

improvement of the light extraction efficiency.

Key words: non-periodic GaN gratings; membrane grating; freestanding membrane; angular resolved

micro-reflectance; photoluminescence
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Fig. 1  Schematic view of freestanding non-periodic

GaN gratings
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Tab.1 Parameters of grating bar (nm)

Olh 1111 2h Slh 4lh Slh 6(11 711; 81h 9lh 1Olh 111h 12111 1311; 1411; 151h 161h

w 680 660 620 580 500 460 380 260 540 350 690 520 420 590 530 630 550
g 410 400 380 350 300 280 230 370 320 220 420 320 260 360 320 370
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(a) Angular-resolved reflectance contour-plot of free-
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Fig. 2 Simulation results
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Fig.3 (a) Optical microscope image of fabricated
non-periodic GaN membrane gratings ob-
served from backside, inset is SEM image of
grating region; (b) AFM image of fabricated

grating
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Fig. 4 Measured angular-resolved reflectance contours of

fabricated non-periodic GaN gratings
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Fig.5 Photoluminescence (PL) spectra of fabricated

GaN gratings, inset is optical image of light

spot obtained from freestanding GaN gratings
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