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We have investigated a pick-and-place integration technique based on a transfer printing method,
aiming at flexible optical hybrid integration of semiconductor optical structures. We have attempted
to develop a high-precision transfer-printing technique for photonic crystal nanocavities based on
GaAs thin films and membrane laser structures based on InP thin films. We compared PDMS and
various transparent polymers as viscoelastic stamps, aiming to realize faster and more accurate
transfer-printing technology. For the case using a PDMS stamp, it requires several tens of seconds
to peel off the stamp from the transferred structure, which poses a challenge in speeding up the
integration process. On the other hand, it was found that PVC, among the transparent polymers
used in the experiments, can be peeled off in as little as one second. This constitutes an important
finding for speeding up the transfer print integration process. However, PVC transfer tends to
remain residues on the sample surface after the transfer process. This may be due to the elution of
plasticizer, which is used to adjust the viscoelasticity of the polymer. The next important challenge
will be finding a PVC-based transfer technology that does not contaminates the samples.

We also worked on the formation of three-dimensional optical nanostructures using the transfer
printing technology. In particular, we fabricated on-glass GaAs photonic crystal nanocavities
loaded with a thin glass film. The glass thin film was formed as a airbridge structure and was
transferred onto the photonic crystal using transfer printing. The fabricated structures were optically
characterized using low-temperature micro-photoluminescence spectroscopy. The GaAs slab
contains InAs quantum dots, which serve as a light source to probe the optical response of the
resonator. We found the Q-values of the resonators were degraded by being transferred onto glass
and showed a recovery by loading additional thin glass films on top of the resonators. This result is
consistent with the numerical calculation results, indicating that the glass thin films were accurately
integrated on the photonic crystals. The next step of the project will be the fabrication of a
waveguide-coupled quantum dot single-photon source, which will require a combination of the
developed techniques so far.
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Investigation of photonic hybrid integration with a transfer printing method
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We have investigated a pick—and-place integration technique based on a transfer printing method, aiming at flexible optical hybrid
integration of semiconductor optical structures. We have attempted to develop a high—precision transfer—printing technique for
photonic crystal nanocavities based on GaAs thin films and membrane laser structures based on InP thin films. We compared PDMS
and various transparent polymers as viscoelastic stamps, aiming to realize faster and more accurate transfer—printing technology. For
the case using a PDMS stamp, it requires several tens of seconds to peel off the stamp from the transferred structure, which poses a
challenge in speeding up the integration process. On the other hand, it was found that PVC, among the transparent polymers used in
the experiments, can be peeled off in as little as one second. This constitutes an important finding for speeding up the transfer print
integration process. However, PVC transfer tends to remain residues on the sample surface after the transfer process. This may be
due to the elution of plasticizer, which is used to adjust the viscoelasticity of the polymer. The next important challenge will be finding
a PVC-based transfer technology that does not contaminates the samples.

We also worked on the formation of three—dimensional optical nanostructures using the transfer printing technology. In particular, we
fabricated on—glass GaAs photonic crystal nanocavities loaded with a thin glass film. The glass thin film was formed as a airbridge
structure and was transferred onto the photonic crystal using transfer printing. The fabricated structures were optically characterized
using low—temperature micro—photoluminescence spectroscopy. The GaAs slab contains InAs quantum dots, which serve as a light
source to probe the optical response of the resonator. We found the Q-values of the resonators were degraded by being transferred
onto glass and showed a recovery by loading additional thin glass films on top of the resonators. This result is consistent with the
numerical calculation results, indicating that the glass thin films were accurately integrated on the photonic crystals. The next step of
the project will be the fabrication of a waveguide—coupled quantum dot single—photon source, which will require a combination of the
developed techniques so far.
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