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The importance of light-emitting structures and phosphors as an instru-

mental ingredient in solid-state lighting is of common knowledge. The devel-

opment of their high efficiency and brightness is mainly limited by the diffi-

culty for light to escape from high refractive index semiconductors. Among a 

number of schemes considered for increasing the external efficiency, surface 

roughening [1] or surface texturing with a rear reflector [2] is considered as 

one of the simpler methods. In these methods at least three parameters have to 

be optimized: elementary “cell” size, their distribution on the surface, and 

their depth. The roughened surface morphology can be irregular and uncon-

trolled [3]. Aiming to overcome the latter problem, the formation of active 

emitters in a two dimensional inverse photonic crystal was proposed [3]. On 

the other hand, getting a surface of light emitting media into a shape of a dif-

fraction grating promises additional light output due to the electromagnetic 

properties of resonant gratings. 

We report a principal scheme of external efficiency enhancement of phos-

phor luminescence, in particular chalcogenide semiconductor CdS single 

crystal. Green, orange, red, and near infrared frequencies can be enhanced and 

filtered from a continuous emission spectra of CdS phosphor on the basis of 

two different effects: (i) radiation stimulated formation of optically active de-

fects in the phosphor structure and partially controllable rearrangement of op-

tically active radiation defects in CdS crystals (fig. 1); (ii) resonance diffrac-

tion of emitted electromagnetic waves on a patterned (regular system of etch-

ing grooves or/and metal lamellar grating) structure surface. We calculate the 

reflection spectra of an one dimensional resonant diffraction grating with sin-

gle (CdS) and binary (CdS/Au) strip-like rulings by the Riccati equation 

method [4]. The gratings will control the emission angle cone and couple ex-

ponentially decaying (evanescent) part of phosphor radiance to air [5], which 

is a new mechanism of external efficiency enhancement. Really, a grating on 

the top of the phosphor surface was usually considered in the approximation 

that the radiance of luminescent area of the structure consists only of propa-

gating (homogeneous) electromagnetic waves. In a more rigorous manner, 
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Fig. 1. Changes in the shape of the lumines-

cence spectrum taken from the CdS single 

crystal at 77 K before irradiation (curve 1) 

and after irradiation by 1 MeV neutrons 

with the dose 2×10
18

 cm
-2

 (curve 2) and  

after additional irradiation by 1.2 MeV elec-

trons with the dose 2×10
17

 cm
-2

 (curve 3). 

Upper-case letters A, B, and C mark the 

band peaks corresponding to the free space 

wavelength λ = 1030 nm (1.21 eV, near infra-

red region), 720 nm (1.72 eV, red-near infra-red 

region), and 650 nm (2.05 eV, orange),  

respectively 

 

 

Fig. 2. Solid curves are the results of numer-

ical calculations [5] of the dimensionless 

emission intensity at the wavelength of  λair 

= 514 nm versus distance L-h between the 

grating rulings (black filled boxes in the in-

set) and linelike sources (grey filled boxes). 

The values of the Au grating (on the flat 

CdS surface) period is equal to 400 nm 

(curve 1), 450 nm (2), 514 nm (3), 800 nm 

(4), 1 mcm (5), and 5 mcm (6) 

 

we have to take exponentially decaying (evanescent) emitted waves into ac-

count (fig. 2). In conclusion, we would like to note that our computations of 

energy emission from an evanescent wave also predicts a zero emission inten-

sity at some special detuning between line-like sources and rulings of the 

grating. The situation of zero emission intensity may be useful for optical 

coupling of generated photons and a strip like waveguide at the structure top. 
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