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Semiconductor  nanostructures  are  expected  to  play  prominent  roles  in  quantum  information 
applications. On-demand photon sources  based on semiconductor single quantum dots (QDs) have been 
actively studied for the applications to such as noiseless photon amplifiers. Metallic nanostructures are able  
to confine photons tightly inside and have the potential to control photon generation and transport processes. 
There have been active researches on metallic nanostructures for realizing nanocavities and nanolasers. In  
this talk, we discuss the potential  of metallic semiconductor nanostructures for realizing high efficiency  
extraction of photons generated inside and also nanocavities with high Q optical resonance.

The preparation of the metallic nanostructures initiates with the preparation of semiconductor nano-
pillars with reactive ion etching (RIE). They are subsequently embedded with surface metallization and the  
final structures are completed with removal of semiconductor substrates. We employed two methods for the  
substrate removal: (1) cleavage [1] and (2) mechanical polishing and subsequent etching [2]. 

We prepared InAs/GaAs QDs nanopillars embedded in Ag with substrate cleavage. They showed high 
photon collection efficiency (PCE) to a first  lens up to 18% [1]. The efficiency is further improved by  
inclining sidewall of the pillars, i.e., nanocone structures. An as-etched nanocone is shown in Fig. 1(a) and 
the schematic of the Ag-embedded structure is shown in Fig. 1(c). Substrates were removed with mechanical 
polishing and subsequent inductively coupled plasma (ICP)-RIE and the resultant surface is shown in Fig.  
1(b). Measured photon count rates reached ~200 k counts per second (kcps) and we estimated the PCE of  
~25% [2]. We can expect higher PCE by employing a coupling lens with higher numerical aperture of 0.8 
from the present one with 0.4 based on our numerical simulations [3].

This kind of metallic nanostructures have been actively studied for realizing nanolasers. However the 
observed cavity resonance Q values remained low (below ~500). We studied the possibility of our metallic  
nanostructures as a nanocavity. For this purpose we employed broad deep-level emission of Si-doped n-
GaAs.  The metallic  nanostructures prepared  with the cleavage for the substrate  removal  showed cavity 
modes but with low Q values of ~100. The main problem was the imperfect cleavage of the pillar surface. 
ICP-RIE  prepared  smooth  pillar  surfaces  as  exemplified  in  Fig.  1(b)  and  we  could  observe  the  high  
resonance Q value of 3800 at room temperature [4]. 
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Fig. 1 (a) InAs/GaAs QD nanocone,        Fig. 2 Measured photon count rates.        Fig. 3 Lorentzian fitting of resonance
(b) nanocone back surface after                At the excitation of saturation, photon     peak at room temperature  observed 
embedded inAg, (c) schematic [2].           coupled to the first lens is ~25% [2].       from n-GaAs nano pillar [4].
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