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Abstract: We demonstrate high single-photon purity from an InAs/InP QD sources on Si operating 

at 1.55 µm. The single-photon extraction efficiency reaches up to 10% using a simple mesa 

structure.  

 

1. Introduction 

Semiconductor quantum dots (QD) are well-controllable and highly-flexible solid-state sources of single-photons. The 

information encoded in a quantum state of a photon can be utilized in the schemes of quantum communication 

or quantum information processing [1]. In this respect, quantum dots emitting at 1.55 μm are highly desirable for 

future single-photon generators due to their compatibility with the existing silica-fibre-based telecom networks, 

allowing for optical signal transfer for long distances. Widely studied epitaxially-grown InAs/GaAs QDs have proved 

excellent optical properties [1]. Although these QDs are recognizable as near-perfect single-photon emitters for 

quantum information processing purposes, it is challenging to achieve the emission at 1.55 μm in this material system 

[2]. In contrast, the telecom-application-relevant spectral range at 1.55 μm can be straightforwardly obtained with 

InAs QDs embedded in the InP matrix. These dots have recently shown a record value for a single-photon generation 

purity from a self-assembled semiconductor quantum dot [3]. Despite such achievements, as-grown InAs/GaAs and 

InAs/InP QDs have typical low photon extraction efficiency, not exceeding 1%. This inherent property of as-grown 

nanostructures is related to the total internal reflection at the air-semiconductor interface prohibiting detection of large 

photon fluxes outside the material, which is necessary for the application purposes. For the InAs/GaAs QDs, the 

problem is addressed by the shaping of a photonic environment of a QD, placing it in nanopillar microcavities [4], 

using microlenses [5], or bull’s eye cavities [6], all enabling high photon extraction levels. However, for the InAs/InP 

QDs, the same approach remains an issue. Up to date, the best photon extraction efficiency for InAs/InP QDs emitting 

at 1.55 μm is on the level of 10%, obtained at the cost of tremendous technological effort (a complicated series of 

etching steps) to have a QD in an optical horn structure [7].  

In this communication, we present a more versatile and robust solution for achieving equally high (~10%) photon 

extraction efficiency with InAs/InP QDs at 1.55 μm with room for further improvement. Moreover, we show 

heterogeneous integration of the InAs/InP QD with the Si wafer. Our approach is potentially interesting for the 

production of high brightness, high purity single-photon sources for photonic-integrated utilizing a well-developed 

and cost-effective silicon platform. 

 

2. Results 

2. 1. Fabrication of the structure  

The structure was grown on a (001) InP substrate by metal-organic vapor-phase epitaxy. A layer of Stranski-Krastanov 

InAs QDs with low surface density was sandwiched in the middle of an InP layer grown on an InGaAs sacrificial 

layer. After a deposition of 100-nm-thick SiO2 followed by thin aluminum layer. The structure was bonded using 

benzocyclobutene (BCB) with the Si substrate. Subsequently, the InP substrate and sacrificial layer were removed. 

A pattern of 0.25-5-μm-sized mesas was fabricated by the electron-beam lithography, allowing studies of single 

emission lines from QDs. The scheme of the structure is shown in Fig. 1(a). 

 

2. 2. Single-photon purity and extraction efficiency 

We study the optical properties of individual InAs/InP QDs integrated into the Si platform. The Hanbury Brown and 

Twiss interferometry performed on the onset of selected QD emitters in the bounded structure, within the spectral 

range of ~1.5-1.6 μm, shows a good single-photon emission purity reflected in the low value of a second-order 



correlation function g(2)(τ=0). We find that the purity is high for all the investigated emitters and exceeds 90 %. The 

exemplary single-photon correlation trace measured under pulse excitation condition is shown in Fig. 1(b). The value 

of g(2)(τ) ≈ 0 is also maintained at the optical excitation power corresponding to the saturation of the charged exciton 

line. We investigate emission purity at elevated temperatures important for the high-temperature operation of 

a potential device. At T = 80 K (above the liquid-nitrogen boiling point), the value of g(2)(τ) = 0.25 is obtained, which 

is a record value for the InAs/InP QD system [2]. 

We evaluate the extraction efficiency from the fabricated masa structures. In the absolute approach, we estimate 

the setup transmission efficiency and from the single-photon detector count rates we determined the photon extraction 

efficiency values up to ~10% (Fig. 1c). 

Based on the calculations of the extraction efficiency, we find an agreement with the measured values. In 

particular, we find that the effect of the photonic environment engineering by mesas is of minor importance compared 

to the metallic mirror effect. 

 

 
Figure 1 (a) Fabricated structure (InAs/InP QDs integrated with the Si wafer), (b) Autocorrelation of the 

exemplary single line emitting at 1.54 μm, (c) Photon extraction efficiency for QDs in mesas. 

 

3. Summary 

In summary, we demonstrate high purity single-photon emission at 1.55 µm from InAs/InP QD structure on Si 

platform. With our integration approach, the high extraction efficiency of 10% was achieved from a simple not 

optimized mesa structure. Further advancing of a cavity design will enhance the photon extraction efficiency close to 

unity. 
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