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Abstract. Electrical pumping of InAs QD’s in a photonic crystal membrane nanocavity 
is demonstrated at 1.3 µm through the observation of cavity modes with quality factors 
around 2600. 

Introduction 
The control of light at sub-micrometer scale is the focus of intense interest, both for 
fundamental science and for applications. [1] Photonic crystals (PhCs) provide a 
flexible platform for light manipulation through high quality cavities and waveguides. 
On the other hand, the atom-like behavior and wavelength adjustability of 
semiconductor quantum dots (QDs) make them perfect candidates as single photon 
sources for quantum optics or quantum cryptography and lasers with low thresholds 
currents. [2] They can also be straightforwardly embedded into PhC structures, leading 
to the control and enhancement of spontaneous emission, thus to higher efficiency and 
emission rates. [3] Whereas most of the experiments found in the literature are 
performed under optical excitation, a mature device needs to work under electrical 
pumping. We present here a structure which combines a photonic crystal nanocavity 
with electrical injection, leading to cavity-enhanced emission at telecommunication 
wavelengths. 

Sample fabrication 
The sample is grown by molecular beam epitaxy (MBE) and consists of a 370 nm thick 
GaAs membrane on top of a 1.5 µm Al0.7Ga0.3As sacrificial layer. The top of the 
membrane is p-doped and the bottom is n-doped. A single layer of low areal density 
InAs QDs with emission at 1.3 µm at liquid helium temperature is embedded in the 
middle of the membrane. 
The sample is wet-etched in diluted H3PO4 / H2O2 / H2O to form ~300 nm high mesas 
with diameter between 8 to 10 µm. The bottom n-contact, a 200 nm layer of insulating 
Si3N4 and the top p-contact are then deposited. An aperture is left in the top contact for 
the PhC cavity. The holes are etched by a SiCl4 / O2 / Ar reactive ion etching (RIE) and 
the membrane is then released in diluted HF. The cavity is formed at the center of the 
mesa by not etching three holes in the ΓΚ direction. The air filling factor was measured 
to be around 27%. The first holes on each side are shifted outwards by 15% and 
rescaled to 61% of the unperturbed holes diameters, following [4], [5] [6]. 
The modified L3 cavity is clearly visible at the center of the SEM image in figure 1. 
The border of the mesa is apparent through the gold top contact, which also serves as a 
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cover to block photons emitted outside the PhC region and the side of the mesa. On the 
top of the image, the n-contact looks darker, since it is covered by the insulating Si3N4. 
 

 
 

FIG. 1 : Scanning Electron Microscopy (SEM) image of a modified L3 photonic 
crystal cavity on a suspended membrane. Electrons are injected through the dark 

semi-circular contact on the top of the image, whereas holes are fed by the annular 
clear contact. 

 

Measurement and results 
The sample was measured in a cryogenic probe station at liquid helium (LHe) and 
liquid nitrogen (LN2) temperature. The light was collected into a single mode fiber and 
dispersed by a spectrometer onto a LN2 cooled InGaAs array. IV-curves were recorded, 
showing clear diode behavior and a relatively low threshold voltage of 2 V, which 
proves the high quality of the process. 
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FIG. 2 : a) Electroluminescence spectrum under 15µA excitation and b) IV-curve 
of a modified L3 photonic at 77 K 

WeC2

52



Eindhoven, The Netherlands, June 11-13, 2008

 
The electroluminescence spectrum presented in figure 2 was performed at 77 K on a 
device with PhC lattice parameter a = 231 nm under 15 µA continuous current. A cavity 
mode is clearly observed, with a measured quality factor (Q) above 2600. This shows 
that this structure and process approach lead to PhC cavities with low optical loss, 
despite the presence of doped layers and metal contacts. It is therefore suitable for the 
long-sought demonstration of Purcell-enhanced emission under electrical injection. 
Pulsed electroluminescence measurements on these structures are under way and will be 
presented at the conference. 

Conclusion 
We demonstrated successful electrical pumping of InAs QD’s in PhC membrane 
modified L3 nanocavity under continuous bias at LN2 and LHe temperature. Time 
resolved experiments are under way.  
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