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We conducted research on photonic hybrid integration using a transfer printing method to explore
advanced heterogeneously-integrated photonic circuits. Compound semiconductor thin films and
photonic nanostructures were considered as transfer targets, and integration onto diamond
substrates and silicon photonic circuits was investigated. We used a custom-made transfer printing
device and examined transfer printing using PDMS (polydimethylsiloxane) as the stamp material. A
high-resolution optical microscope was used to monitor the transfer processes, allowing for precise
positioning of the transfer targets. First, we carried out transfer printing integration of
semiconductor thin film structures onto diamond substrates. The semiconductor thin film structures
were prepared by a combination of photolithography and wet processing. Anchor structures were
prepared with photoresist. We used commercially available diamond substrates after surface
planarization and cleaning, which were found to be critical for successful transfer. After the transfer
process, the resist was stripped by an organic solvent. We observed that a few films were
detached in this process, which could be induced by dust or other contaminants remained on the
diamond substrate. Second, we investigated the transfer printing integration of semiconductor thin
films containing photonic crystals onto silicon photonic circuits. The thin film structure included two-
dimensional photonic crystal nanocavities and quantum dots as emitters. The sacrificial layer
underneath the structure was dissolved by selective wet etching. The structure is anchored to the
substrate with semiconductor tethers. The films were transferred onto silicon waveguides using
PDMS with careful alignment. An additional glass thin films were loaded on top of the structure to
restore the symmetric refractive index distribution around the photonic crystal, which improves the
Q factor of the cavity resonance. The fabricated samples were optically characterized with low-
temperature photoluminescence microscopy. We observed the signal from a quantum dot coupled
to a cavity mode, demonstrating the successful transfer printing integration of the target optical
structure.
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Investigation of photonic hybrid integration with a transfer printing method
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We conducted research on photonic hybrid integration using a transfer printing method to explore advanced
heterogeneously-integrated photonic circuits. Compound semiconductor thin films and photonic
nanostructures were considered as transfer targets, and integration onto diamond substrates and silicon
photonic circuits was investigated. We used a custom-made transfer printing device and examined transfer
printing using PDMS (polydimethylsiloxane) as the stamp material. A high-resolution optical microscope was
used to monitor the transfer processes, allowing for precise positioning of the transfer targets. First, we carried
out transfer printing integration of semiconductor thin film structures onto diamond substrates. The
semiconductor thin film structures were prepared by a combination of photolithography and wet processing.
Anchor structures were prepared with photoresist. We used commercially available diamond substrates after
surface planarization and cleaning, which were found to be critical for successful transfer. After the transfer
process, the resist was stripped by an organic solvent. We observed that a few films were detached in this
process, which could be induced by dust or other contaminants remained on the diamond substrate. Second,
we investigated the transfer printing integration of semiconductor thin films containing photonic crystals onto
silicon photonic circuits. The thin film structure included two-dimensional photonic crystal nanocavities and
quantum dots as emitters. The sacrificial layer underneath the structure was dissolved by selective wet etching.
The structure is anchored to the substrate with semiconductor tethers. The films were transferred onto silicon
waveguides using PDMS with careful alignment. An additional glass thin films were loaded on top of the
structure to restore the symmetric refractive index distribution around the photonic crystal, which improves the
Q factor of the cavity resonance. The fabricated samples were optically characterized with low-temperature
photoluminescence microscopy. We observed the signal from a quantum dot coupled to a cavity mode,
demonstrating the successful transfer printing integration of the target optical structure.
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