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WP1: Project Coordination 
 

 WP1 Objectives 
 
WP1 is specifically devoted to the Management and Coordination of the TREASURE project. 

 

 Work progress and achievements during the period 

Setting up of communication tools:  

 
 TREASURE Website:  www.treasure-project.eu  

 
The TREASURE website and intranet has the following objectives: 

 To ensure a wide information on the project and an efficient dissemination of the 
project results 

 To provide specific information on the TREASURE project to specific target 
audiences: 
  - Scientific community 
  - Industry - Innovation and Technology Transfer 
  - EU Stakeholders – policy-makers 

 To provide the Beneficiaries with the appropriate tools to ensure efficient 
implementation and monitoring of the project throughout its lifetime (intranet). 
 

 Domain name and hosting: 
 
The project website and intranet have been registered on a .eu domain by the University 
Paris Diderot – Paris 7 and can be accessed at http://www.treasure-project.eu 
The TREASURE project website and Intranet are hosted in the University Paris Diderot – 
Paris 7 servers. 
 

 Design: 
 
The TREASURE project Website and Intranet have been designed and developed using the 
free and open source Content Management System (CMS): WordPress. 
 

 Description of the TREASURE project website: 
 

The TREASURE website is dedicated to a wide audience and contains general information 
on the TREASURE project. The user has access to search tool, links, calendar, and news. 
 
The TREASURE website, updated regularly, includes the following sections: 
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 TREASURE Homepage 
This homepage provides general information on the FP7 TREASURE project with a specific 
presentation for each target audience, linking to the « About TREASURE » page. On this 
homepage, the following information is also provided: project full title, acronym, start date 
and duration, project logo, source and level of EU funding. 
 

 About TREASURE 
This section is specifically dedicated to the presentation of the TREASURE project to 
different target audiences: Scientific community, Industry, EU stakeholders and policy 
makers. There is a link to a specific page with a short presentation of the TREASURE project 
adapted to each target audience. 
A section about the TREASURE kick-off meeting with the agenda of this meeting is also 
available on this page. 
 

 TREASURE partners 
This section, with the logos of all partner institutions involved, is devoted to the detailed 
presentation of each partner organisation, their role in the project and the presentation of the 
key staff involved in the TREASURE project. 
 

 TREASURE latest results 
This section provides the latest project results. 
 

 Publications 
This section lists all the relevant publications within the project. This section is regularly 
updated (last update October 27, 2011). This section contains project-related patents, project 
presentations, project publications, and related literature in the domaine 
(http://www.treasure-project.eu/?page_id=163). This section also provides the pdf version of 
the project presentations and also the pdf version of the project publications (included after 
approval from the publishers). 
 

 TREASURE seminar 
This section introduces future events to be organised by the TREASURE project and 
therefore ensures wide dissemination and promotion of the project objectives and results.   
 

 Links 
This page lists all the relevant websites linked to the TREASURE project, including CORDIS 
and FET OPEN. 
 

 Contact  
This section allows the audience to contact the Project Coordinator.  
 
Each page includes three boxes indicating « Hired people », « Conferences » and « Other 
Events ». The project leaflet is also available on the TREASURE website. 
 
Appropriate resources are devoted by the Coordinator and his management team to ensure 
that the content remains accurate and up to date at all times. 
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WP2: Design 

 

 WP2 Objectives 
This workpackage is dedicated to the design of the TREASURE source, covering the 
electromagnetic aspects, QD laser issues, and parametric generation of THz radiation. Its 
objective is to provide solid grounds to WPs 3 to 5. 
 

 Workprogress and achievements during the period 
 

Task 2.2 THz DFG in AlGaAs microstructures: theory & simulations 

A certain number of passive MRs were designed by judiciously combining an effective-index 
method (EIM) and a fully-vectorial Finite Difference Frequency Domain (FDFD) method. The 
advantage of the EIM is that it provides a fast procedure to locate phased-matched WGMs 
triplets. Its accuracy is excellent for near-IR WGMs, reasonable for the THz modes 
resonance wavelengths (relative error typically around 5-6%), and modest for the estimation 
of THz quality factors. The FDFD method therefore allows a more accurate modelling of the 
THz modes, although at the expense of longer execution times and more strict requirements 
in terms of computing resources. 
 

The design activity carried out until Month 18 was focussed on passive MRs. 
 

The results can be summarized as follows: 
 

1. With respect to DFG in nonlinear waveguides, the nonlinear efficiency of DFG in MRs 
is enhanced by more than two orders of magnitude. Therefore, the TREASURE 
consortium will put all its efforts towards the fabrication of a nonlinear THz MR. 
Waveguides will be no longer considered. 

2. TPA heavily affects THz DFG in our MRs for pump wavelengths around 0.9-1.0 m. 
Exploiting pump wavelengths close to 1.3 m and AlGaAs cores (instead of pure 
GaAs) allows to avoid its deleterious effects. 

3. Point 2 and a subsequent optimization of the structure layout allowed us to increase 
the nonlinear efficiency with respect to the MRs studied up to Month 12. 

 
The end result was the design of a passive MR that emits 0.1 W of THz radiation for 10 mW 
of input power. 

 
*** 

The Year 1 Technical Review Report requested an estimate of the expected performance of 
the TREASURE electrically-pumped device, within Month 18. This estimate is detailed in the 
additional section D2.3a of deliverable D2.3 and summarized hereafter.  
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Table 2.2: Estimates of the THz output power (in nW) emitted by an active MR for 
different laser powers Pp (assumed to be the same for the two pumps) and for different 
pump quality factors Qp. 

 
The present knowledge of the DFG efficiency of our passive MRs allows a rough estimate of 
the THz output power for an active MR, depending on the laser power in the pump modes 
and their quality factor. Table 2.2 shows the values of the usable THz power levels that we 
expect to observe from an active TREASURE device.  
 

Besides the pump power levels, high quality factors for the pump WGMs are crucial to obtain 
significant THz output powers. High Q-factors are also desirable in order to have a narrow 
linewidth for the THz emission. For example, for pump WGMs with wavelengths around 1.3 
µm and quality factors Qp = 5·105 (Qp = 106), the THz linewidth will be =0.5 GHz (=0.25 
GHz), respectively. 
 

A possible efficiency sink could be represented by the lasing of a number of WGMs 
exceeding the two that are useful for the DFG, which would make the QD laser power not 
entirely available for DFG. In this case, we have established two strategies: 

1. Study the possibility of having DFG between adjacent WGMs and adjust the QD gain 
profile so as to be sure that only those two modes lase. 

2. Realize a bilobed QD gain profile to obtain a selective lasing action of the two WGMs 
involved in the DFG, thus optimizing the power provided by the pump lasers. 

At the present stage it is difficult to know if any of these considerations will result in a 
bottleneck. Based on the measurements to be performed in the next months, we will provide 
a more refined analysis in deliverable D4.2.  
 

Task 2.3 Modelling & design of near-IR QD microlaser 
 

Since M12, we have undertaken the simulation of heating effects in the electrically-pumped 
TREASURE device.  
 

In order to evaluate heating effects we consider the TREASURE device at threshold. Energy 
conversion of the electrical power into light is then negligible, so that the electrical power is 
mostly converted into heat.   
 

We first study the case of a microcylinder made of GaAs/AlGaAs of 37µm in diameter laying 
on a GaAs substrate for which we solve the heat equation. A heat source of power equal to 
8mW is located at the position of the active layer, which corresponds to the experimental 
situation reported in WP3. The temperature of the heat sink is fixed at 300K. Fig 2.3 shows 
that the temperature increase remains very small in the whole structure, thanks to the 
excellent heat conduction of the microcylinder. ΔT in the active layer ranges from 0.7K at the 
periphery of the disk up to 3.1K in its central region. By contrast, a much stronger 
temperature increase is predicted in the microdisk geometry, in good agreement with 
simulations of A.F.J. Levi et al (Electron. Lett 1999). 
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Figure 2.3: Thermal effects in a laser based on a microcylinder (left) or a microdisk (right) 
 

       
 

Figure 2.4: Heat sinking in a ring like structure 
 
In a second step, we model the ring like structure, developed in WP3 so as to reduce the 
current threshold. Again, our simulation shows that the heating at threshold is limited to a few 
degrees (see fig 2.4). In this case, the increase of the thermal resistance of the structure (see 
table 1) is compensated by the reduction of the electrical power at threshold. The net result is 
that the heating, at the WGM position, is similar to the one in the case of the plain 
microcylinder. We thus show that it is possible to reduce the threshold current while not 
affecting the thermal properties of our devices. 
 

Finally, we consider the impact of a 1µm thick epoxy layer + 200nm thick gold mirror inserted 
between the microlaser and the substrate. The results in fig 2.5 reveal a moderate heating in 
the structure despite the poor thermal conductivity of the epoxy layer. These results show 
that the transfer of our structures on a host substrate, which is necessary to implement the 
bottom gold mirror, should not strongly impact the experimental results presented in WP3. 
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Figure 2.5: Effect of the gold mirror + epoxy layer 
 

Material Thermal conductivity (W.cm-1.K-1) 
Semiconductor 0.46 
Air 2.6e-4 
Gold 3.17 
Epoxy 2.5e-3 

 

Table 1: Thermal conductivities of the different materials 
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WP3: Micro and Nano-fabrication, WGM lasing performances 
 

 WP3 objectives: 
 
The central objective of WP3 is to achieve a high lasing power in the WGM optical modes of 
the TREASURE source at room temperature, under electrical pumping.  
 

 Work progress and achievements during the period 
 

 Task 3.1 Epitaxial Growth 
 

A passive planar waveguide structure without any active optical material based on design 
input from WP2 was grown by molecular beam epitaxy (MBE).  
 

 Task 3.2 Micro- and Nanofabrication 
 

Passive microcylinders 
 

After deposition on a gold layer on top of the passive waveguide structure the flip-chip of the 
waveguide using epoxy bonding was performed. After initial failures due to deviations of the 
heating temperature vs. its optimum value during the bonding process, a successful 
preparation of perfect large area (7 x 7 mm) membranes on top of gold has been achieved.  
 
Microlasers 
 

A major step in this project is the processing of a MR that sustains multimode WGM lasing at 
300K with low lasing thresholds (<1mA). In a first step we fabricated large microposts with 
diameters between 5 and 80µm from QD laser wafers based on a GRINSCH-design that 
were grown within task 3.1. The processing was optimized with regards to the high-resolution 
e-beam lithography and the plasma etching steps, to define microposts with a high surface 
quality.  
 

CEA has completed the optimization of its reactive ion etching process, as well as the 
fabrication of microlasers from high-density QD samples with a modal gain of 60 cm-1 (from a 
single QD layer) emitting at around 0.91 µm, which have been provided by UW.  
 

Calculations conducted within WP2 at UPD have shown that an increase of the pump 
wavelength toward 1.2-1.3 µm is highly desirable to decrease two-photon absorption 
processes for the pump and related saturation effects. After optimization of the QD active 
material, UW has recently fabricated microcylinders from structures emitting at around 1.2 
µm.  
 

 Task 3.3 Optical properties 
 

Since the main objective of the TREASURE project is to develop an electrically-pumped 
source of THz radiation operating in continuous wave at 300K, we have focused our efforts 
on the demonstration of lasing under electrical pumping.  
 



 
 
  

 
Deliverable N°D.6.4. - Version 1 -  
 TREASURE project  
 Grant Agreement N° 250056 

11

CEA has characterized the electro-optical properties of microlasers containing a dense 
ensemble of QDs emitting at 910 nm, and embedded within a GRINSCH waveguide. Direct 
contacting by a metallic microtip is used for current injection. Clear evidence of lasing at 
room temperature is observed under CW operatio. Low series resistance (8 ) and threshold 
current (8 mA) are observed. Lasing operation is observed even well above 300K, up to 
330K in the present experiment (limited by set-up properties). 
 

UW performed studies of the lasing characteristics of microposts with 6 layers of DWELL 
long-wavelength QDs and a GRINSCH waveguide. Devices with diameters between 40 and 
80µm developed within task 3.2 have been characterized at 300K under electrical pumping.  
 

For DFG it is crucial to realize WGM-lasers with output powers in the mW range. So far, we 
have demonstrated multimode emission at approx. 1230 nm with an output power up to 1.3 
mW at an injection current of 100 mA. 
 

 
 

 Task 3.4 Microfabrication of advanced structures: arrays of THz sources 
      

No efforts were scheduled for this task within the first 18 months. 
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WP4: Nonlinear optical characterisation 
 

Start date: M7 
Expected end date: M36 
Lead Beneficiary n°6: Université Paris Diderot (UPD) 
 

 WP4 objectives 
This experimental workpackage is dedicated to the nonlinear optical characterisation of MR 
THZ sources. Its final objective is the demonstration of an electrically pumped, coherent THz 
source operating at 300K, obtained through intra-cavity DFG involving WGM modes. 

 Work progress and achievements during the period 
 

 Task 4.1: THz DFG in passive AlGaAs microstructures 
 

The consortium has decided to shift the two pump wavelengths to the 1.3µm range. 
Therefore, we have substituted the former sources (two CW Ti-Sapphire lasers) with two 
tuneable external-cavity CW diode lasers. After this modification, the overall setup has 
become again fully operational (see Fig. 4.1). 
 

In the meantime, we implemented our proposal of testing the THz WGM structure before and 
independently of the future achievement of the DFG, via FTIR THz spectral reflectivity of 2D 
gratings composed of identical WGM MRs.  
 

 
 

Fig. 4.1: Layout of the fibre-assisted linear and nonlinear characterisation of MRs.  
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 Task 4.2: THz DFG in an active MR: optical pumping of the QDs 

 Since we have already achieved WGM lasing at 300K, we propose to cancel this task,  

 Task 4.3: THz DFG in an active MR: electrical pumping of the QDs 

This task will start before Month 24 
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WP5: Source optimization and evaluation of other application 
prospects 

 

 WP5 objectives 
The aim of this workpackage is to optimise the out-coupling of the THz radiation from the 
TREASURE device into free space, to explore its multi-spectral operation, and to investigate 
its use as a room-temperature detector. 

 Work progress and achievements during the period 
 

 Task 5.1: Optimization and encapsulation of the TREASURE source 
 

The work in this period has been focused on further refinement of simulation results obtained 
from Month 1 to Month 12. Special emphasis has been put on the analysis of the possibility 
of achieving circularly polarized light from the TREASURE device, by clever shaping of the 
ground plane surrounding the MR structure.  
 

Further, we have analysed how to lock the linear polarization of the TREASURE device to a 
specific axis of the device  
 

We have initiated the construction of an experimental setup for measurement of coupling 
efficiency and radiation patterns from the TREASURE devices. Figure 5.1 shows the heart of 
the equipment that will be used for the experiments, a fiber-coupled THz time-domain 
spectroscopy system with freely positionable emitter and detector heads. 
 

 
 

Fig. 5.2: Fiber-coupled THz time-domain spectroscopy system at DTU Fotonik. This 
system will be used for angle-resolved measurement of the radiation patterns from 
TREASURE devices. 
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The radiation patterns will be measured first in a reciprocal geometry. 
 
The work of Alpes Lasers (AL) on the packaging of the TREASURE device has started with 
an extensive literature study/review regarding AuSn soldering on AlN submounts and a 
discussion with various AlN substrate vendors on the various possibilities of AlN fabrication 
and metallisation schemes. Then, an AlN submount was designed in order to perform 
preliminary testing. A validation plan as well as the related measurement procedures was 
defined in order to validate the mounting of the future TREASURE source. Moreover, AL’s 
Die-Bonder was upgraded in order to be able to follow temperature curves and to fine-control 
the force that is applied during the soldering process. In parallel, AL started setting up a 
thermo-mechanical simulation setup that will allow us to simulate the thermo-mechanical 
properties of the source. Last but not least, mounting of the TRESURE source will need 
specific tooling for the Die-bonding process and therefore, various bonding-tools suppliers 
were contacted. 
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WP6: Dissemination and exploitation 

 

 WP6 objectives 
The aim of this work package is twofold. On the one hand, it will ensure broad and open 
dissemination of project results, identifying opportunities to publicise the achievements and 
capabilities that will be developed, with a potential public in academia, industry, and the 
wider European and International public. On the other hand, it will ensure an effective and 
timely exploitation of the technologies and capabilities that will be developed. The work 
package will attract some out-of-field interest from application areas or groups that the 
systematic review may not have uncovered. Finally, it will pursue general image benefits for 
both the Beneficiaries and the overall FP7 FET programme. 
 

 Work progress and achievements during the period 
 

 Task 6.1 Exploitation, technological transfer and IP management 

 
In order to attract attention from potential users of the TREASURE device, its development 
and final specification must address present or future markets needs. Applications using 
terahertz sources range from Terahertz imaging, Time-domain spectroscopy (TDS), wireless 
communication, sensing, metrology and defense. While each application has specific 
requirements a variety of available sources can be used to fulfil the needs. Table 6.1 
summarizes the performances of various types of THz sources based on different 
technologies operating at room temperature. 
 
Comparing the different technologies shows that the main advantages of the TREASURE 
source are it’s reduced size and low power requirements, its large spectral coverage while 
having a relatively narrow spectral width. While the expected emission power is relatively 
low, this weakness should be compensated by its ability to be a very compact with the ability 
to be placed very close to the samples, thus reducing the need for high power in various 
sensing applications.  With these requirements in mind, two areas of applications have so far 
been identified.  
 

1. Bio molecular sensors 
 

Interest from the field of bimolecular sensors, typically for DNA sequencing on biochips has 
been expressed. While it seems that only applications until 3 THz are known, well within the 
accessibility of TREASURE, the main feedback received for such applications is that the 
desired spectral width of the emission should be an order of magnitude below (<100MHz) of 
what is expected from the TREASURE source (2-3GHz). Electrical tunability of the emission 
wavelength of more that 300 GHz and possibility to have a tunability 2-4 THz with any other 
mean has been also been expressed for flexibility. Eventually the latter could be addressed 
with the TREASURE source in the array configuration. Concerning the power, microwatts 
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would be better, but does not seem to be mandatory. Room temperature operation is 
however mandatory. 
 

2. Terahertz Near-Field Nanoscopy  
 

In 2008 Huber et al. (Nano Lett., Vol. 8, No. 11, 2008) have demonstrated the possibility of 
resolving details as small as 40 nm using terahertz near-field nanoscopy. Their set-up used 
an AFM tip, illuminated with a 2.5 THz continuous-wave CH3OH gas laser with a power of 
about 5 mW.  The availability of THz emitters providing larger spectral frequencies should 
allow a broadening of the applicability of this technique such as the characterization of 
semiconductors, superconductors and eventually the low-frequency vibrations of biological 
molecules. This technology is actually commercialized by NeaSpec GmbH under the brand 
name NeaSNOM. We are actually trying to get in touch with the development team of 
NeaSpec in order to evaluate the advantages of using the TREASURE source within their 
systems. 

 

While we believe such sensing application have a great potential of development using the 
TREASURE source, other potential fields of applications have not been left out. We have 
selected more than ten other players active in THz imaging, wireless communication and 
spectroscopy. Mailings with the TREASURE specifications have been sent out and up to 
date the response rate has been rather scarce. However, interest from the THz wireless 
communication community and from a high frequency electronic manufacturer has however 
been expressed.  Pursuing our action toward less visible players, we are in the process of 
launching the publication of a "Technology Offer" on the “Enterprise Europe Network" to 
identify potential commercial partners willing to provide their requirements for the future 
TREASURE source and eventually have the opportunity to test a prototype tuned to their 
application.  
 
Next steps 

 

 Publication of a "Technology Offer" on the “Enterprise Europe Network"  
 Pursuing our networking activities to identify potential interest in a new THz source 
 Follow-up on the mailing activity to increase the number of feedbacks and further 

validate the expressed requirements for a compact THz source. 
 Integrate a “device” section on the web site where industrial visitors can leave 

requirements for their applications 
 Preparation of the exploitation Roadmap 

 
 

 Task 6.2 Dissemination 

Patents 
 

A. Andronico, J. Claudon, M. Munsch, J. M. Gérard, G. Leo,  “Semiconductor source of THz 
radiation”, in preparation (2011).  
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Publications 
 

F. Albert, C. Hopfmann, S. Reitzenstein, C. Schneider, S. Höfling, L. Worschech, M. Kamp, 
W. Kinzel, A. Forchel, I. Kanter, “Observing chaos for quantum-dot microlasers with external 
feedback”, Nature Communications 2, 366 (2011). 
 

A. Andronico, J. Claudon, M. Munsch, I. Favero, S. Ducci, J. M. Gérard, G. Leo,  “Quantum-
dot based nonlinear source of THz radiation”, Proceedings of SPIE, Paper 8119-22 (2011). 
 

G. Leo, J. M. Gérard, S. Reitzenstein, P. U. Jepsen, “Towards a THz Terahertz room-
temperature integrated parametric source”, accepted on Procedia Computer Science, 
Elsevier (2011). 
 

C. Z. Bisgaard and P. U. Jepsen, “Shaping of far-field emission patterns from THz microring 
resonators,” in preparation for IEEE Transactions on Terahertz Science and Technology 
(2011). 
 

A. Andronico, S. Mariani, J. M. Gérard, I. Favero, S. Ducci, G. Leo,  “Tuning of an Integrated 
Nonlinear THz Emitter”, to be submitted after patent registration to IEEE Transactions on 
Terahertz Science and Technology (2012). 
 

Presentations   
 

S. Reitzenstein, F. Albert, C. Hopfmann, C. Schneider, S. Höfling, L. Worschech, M. Kamp, 
W. Kinzel, A. Forchel, I. Kanter, “Quantum dot – microlasers with external feedback – a 
chaotic system close to the quantum limit”, 7th German-French-Korean Workshop on 
Nanophotonics, 3-4/10/2011, Kloster Bronnbach, Germany (invited oral). 
 

S. Reitzenstein, F. Albert, C. Hopfmann, P. Gold, C. Schneider, I. V. Ponomarev, S. Höfling, 
L. Worschech, M. Kamp, T. L. Reinecke, W. Kinzel, I. Kanter, and A. Forchel, “Nonlinear 
optical processes in high quality quantum dot micropillar systems”, Fundamental Optical 
Processes in Semiconductors Conference 2011, 1/8 - 5/8/2011, Lake Junaluska, North 
Carolina, USA. (invited oral). 
 

S. Reitzenstein, T. Heindel, C. Kistner, J. Beetz, C. Schneider, F. Albert, M. Lermer, S. 
Höfling, L. Worschech, M. Kamp, A. Forchel, “cQED in Quantum Dot Micropillar Cavities – 
Fundamental Studies and Novel Device Concepts”, Collaborative Conference on 3D & 
Materials Research 2011, 27.06.-01.07.2011, Jeju-Island, Korea. (invited oral). 
 

G. Leo, J. M. Gérard, S. Reitzenstein, P. U. Jepsen, “Towards a THz Terahertz room-
temperature integrated parametric source”, FET11 Budapest 4-6 May 2011. (poster) 
 

A. Andronico, F. Ghiglieno, G. Leo, S. Reitzenstein, S. Höfling, J. Claudon, M. Munsch, N.S. 
Malik, P. Jaffrennou and J.M. Gérard, “A novel microcavity parametric source of THz 
radiation”, EP2DS19/MSS15, July 25-29, Tallahassee, Florida, USA. (poster) 
 

A. Andronico, J. Claudon, M. Munsch, I. Favero, S. Ducci, J. M. Gérard, G. Leo, “Quantum-
dot based nonlinear source of THz radiation”, SPIE Optics + Photonics 2011, San Diego, CA, 
USA 21-25 August 2011. (invited oral) 
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Participation to industrial exhibits 
 
FLAIR 2011 - Field Laser Applications in Industry and Research / September 13-17, 2011, 
Conference Center, Murnau, Germany - Antoine Muller & Olivier Landry - Alpes Lasers hold 
a booth and advertized TREASURE & THz sources to public within laser applications field. 
 

LASER World of PHOTONICS, May 23-26, 2011 Munich, Germany - We took advantage of 
Alpes Lasers presence on its representative's booth to advertize TREASURE & THz sources 
(Antoine Muller & Olivier Landry) 
 

10e Rencontres HélioSpir, September 24, 2011, Montpellier attended by Olivier Landry 
(Alpes Lasers booth). Contacts were taken with potential TREASURE users’ organization 
working in the detection of food contamination.  
 

Visited Swissto12, specialized in THz waveguides and potential link to THz users & potential 
customers. We discussed the TREASURE specification and the interest of their customers in 
the TREASURE source. (Michel Rochat & Olivier Landry - AL) 
 

"Alliance" organization was visted in order to prepare a technology offer on the "Enterprise 
Europe Network" (Michel Rochat - AL) 
 
 
 
 
 
 
 
 
 

Conclusion 
 
After the demonstration of low-temperature lasing in QD WGMs under electrical pumping 
during Year 1, the main tasks during the last semester were: 

 
• Demonstrate a design capable of delivering high-power THz output (≈1µW) at 300K  
• Achieve the QD WGM lasing at 300K 
• Progress in the project in general 
 

 


