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Fig. 5 Transmission experiments for PhC as 2D gratings. A)

Transmission at a fixed wavelength of 7500nm for microtubes filled with

VO2 synthesized from different alcohol precursors. The temperature

was increased from 25◦C to 80◦C after 4min base line and kept constant

for further 8min. B) Transmission spectra of a control sample without

VO2 and the same sample after in situ filling with VO2, both before and

after heating. The grating features are largely altered when filled and

further modified when heating. C) Normalized transmission spectra

before and after heating for in situ filled microtubes using different

alcohol precursors.

phase transition affects overall the band structure and transmis-

sion features of the PhC as calculated in Figure 1C. We simulated

those changes by considering the hollow geometry of the standing

micro-tubes, which transmission shifts and decays as expected28.

Filling the tubes using other alcohol precursors led to shifts of

similar magnitude in that wavelength range, as shown in Figure

5C. Pentanol was selected as the primary alcohol for all further

experiments as it does not only fill the pores substantially, but

also produces the largest changes in transmission. Pentanol has

a boiling point above the reaction temperature and of the vana-

dium oxychloride, thus it evaporates only after the vanadium ox-

ide crystal formation occurred.

In order to demonstrate that the VO2 phase transition for tun-

ing and reconfiguring photonic crystals, samples were prepared

for transmission through the crystal plane of periodicity (Fig.

2). Transmission spectra were recorded at different temperatures

showing the photonic crystal features shift along the Γ-M direc-

tion. The results are shown in Figure 6A. Figure 6C shows nor-

malized spectra for the lowest and highest temperatures were a

shift of ∼100nm can be observed. This effect was found to be

reversible and repeatable as shown in Figure 6B, it shows trans-

mission at a fixed wavelength of 5.2µm for temperature of the

sample modulated between 25◦C and 55◦C. Even at this short

temperature range the changes are observed, proving that even

small transitions in the crystal structure affect the light transmis-

sion. A 30◦C change produced a transmission decay of 22%.
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Fig. 6 Transmission experiments through the plane of periodicity for

VO2 filled hexagonal PhC. A) PhC transmission spectra at different

temperatures showing a the photonic features change due to phase

transition of VO2. B) Transmission response at a fixed wavelength

showing reversibility and repeatability of the VO2 transition by slightly

increasing the temperature. C) Normalized transmission for two

temperatures showing the wavelength shift of the photonic features of

∼100nm.

Since the microtube filling with was not uniform, the trans-

mission varies from theoretical predictions considering fully filled

pores. A similar effect was observed by Leonard et al for hole-

type PhCs around 5µm, where shifts of 70nm in the band edges

were observed for liquid crystal infilled PhCs35. Our experi-

ments demonstrate that is possible to shift the PhC features of our

microtube-type PhC and exert full control over the shift reversibly

and repeatably.

4 Conclusions

Understanding the reaction mechanisms for the VO2 synthesis al-

lowed us to design a methodology in situ filling of PhC structures.

The light transmission manipulation in these structures proved to

be reversible and repeatable over a broad range of wavelengths in

the mid-infrared region of the spectrum. Moreover, the position

of the transmission features can be selected by choosing the right

geometry and further manipulated due to the phase transition of

the filling material. Implications of this achievement are recon-

figurable and tunable PhCs for which a plethora of applications

can be conceived: optical switches, light circuitry and computing,

light guiding and wavelength control for gas sensing. Eventually,

following this methodology may lead to program specific spectra

by punctually recording defects or geometric patterns in the PhC

matrix.
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