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We have measured time-resolved spontaneous emission from quantum dots in 3D photonic crystals. Due 

to the spatially dependent local density of states, the distribution of decay rates varies strongly with the 

photonic crystal lattice parameter.  

©2006 Optical Society of America OCIS codes: (270.0270), (250.5230), (270.5580). 
 

Control over spontaneous emission from excited light sources is of great importance in quantum optics. It is essential for 

diverse applications such as miniature lasers, light-emitting diodes, and single-photon sources for quantum information. 

The rate of spontaneous emission depends on the surroundings of the emitter as is quantified through the local density of 

states that counts the number of available optical modes at a specific position. In a photonic crystal, the local density of 

states can be strongly modified and thereby used to control spontaneous emission. We demonstrate for the first time [1] that 

photonic crystals control the spontaneous emission decay rate from quantum dots [2]. We assign our observations unambi-

guously to the spatial variations of the local density of states [3].  
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Figure 1. Left: Decay curves of quantum dots in photonic crystals with lattice parameters 460 nm (1) and 580 nm (3) compared to measurements on a 
reference sample with lattice parameter 255 nm (1). The solid curves are fits to the experimental data using a log-normal distribution of decay rates.  
Right: Normalized decay distributions for the three different photonic crystals. Clear modifications of  both the most-frequent decay rate and the width of 
the distributions are observed.  
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We have studied spontaneous emission from CdSe quantum dots embedded in 3D photonic crystals consisting of air 

spheres in titanium dioxide. In time-resolved experiments, we observe that the spontaneous emission decay curves are 

strongly dependent on the photonic crystal lattice parameter, c.f. Fig. 1.  

 

The decay curves are successfully modeled using a distribution of decay rates in order to account for different emission 

rates for individual quantum dots in the ensemble of emitters. The most-frequent decay rate varies by a factor of three when 

changing the crystal lattice parameter and the distribution width varies by a factor of six. Both broadband inhibition and 

enhancement is observed, see Fig. 2. The most-frequent decay rate for the photonic samples relative to the measurements 

on the reference samples is qualitatively described by the total density of states (Fig. 2 (a)) while the pronounced variation 

of the width of the distribution (Fig. 2(b)) is identified as due to the spatial variation of the local density of states that is 

probed by quantum dots at different positions. 

 

Figure 2. (a) Most-frequent decay rate for the photonic sample relative to a reference sample when varying the lattice parameter a. The experimental data 
can be modeled with the total density of states (dashed curve. (b) Variation of the width of the decay-rate distribution with lattice parameter. 
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