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an intermediate bonding layer. Solution (i) is complicated by the lack of an oxide layer that 
can reliably bond to CaF2 [35] and guarantee permanent adhesion, also when strong shear 
forces arise from cooling / heating the sample. Furthermore, the solution we look for must be 
flexible enough to be independent of the materials used, allowing us to bond also surfaces that 
have been previously patterned with optical nanostructures elements (i.e. for instance 
plasmonic elements or gratings). A non-flat patterned surface such as in this case can very 
hardly be pressure-bonded without affecting the quality and the geometry of the realized 
structures. We thus developed solutions (ii) and (iii), presented hereafter. 

Optical grade CaF2 substrates (thickness: 500 nm, surface quality S/D = 40/20) were 
prepared following a standard cleaning procedure (sonication in warm acetone and rinsing in 
isopropanol, followed by 5� ashing in O2 plasma). 

The direct transfer procedure is described in Fig. 1(b). We proceeded with the following 
steps: (i) patterning of the coupler grating on the active region (standard electron-beam 
lithography, Ti/Au evaporation and liftoff – parameters in figure captions); (ii) spin coating of 
a protective PMMA A4 electron beam resist layer on the patterned active region (providing a 
clean interface at the end of the process) and fixing the sample to a temporary support 
substrate with a thermo-labile mounting adhesive (crystalbond 509); (iii) GaAs growth-
substrate removal by mechanical polishing followed by chemical etch to AlGaAs stop layer; 
(iv) removal of stop layer in HF (49% conc.); (v) release of the Active Region (AR) in 
acetone, which dissolves PMMA and mounting adhesive. To obtain a clean and defect-less 
interface, minimizing destructive turbulence from weakly mixable solvents, we gradually 
substituted acetone with isopropyl alcohol and the latter with milli-Q water. The active region 
is at last allowed to rest on the substrate. After lifting it out of the liquid environment and 
allowing for evaporation, the patterned AR is inherently brought in close contact with the 
CaF2 substrate by water’s strong surface tension. Van der Waals interactions then keep it 
bonded to the new host substrate. 

 

Fig. 1. Fabrication steps (details available in the main text). (a) traditional approach involving 
thermocompressive waferbonding and substrate removal, yielding a double-metal optical 
cavity; (b) direct transfer of epitaxial layer via temporary encapsulation of the patterned top 
side, substrate removal, and deposition in liquid environment on the new transparent host 
substrate (bonding via Van der Waals interactions); (c) bonding with a commercial off-
stoichiometry thiol-ene polymer (ostemer) and subsequent wafer removal, allowing 
micropatterning on both sides of the active region. 

The advantage of this approach is a clean AR/CaF2 interface. In contrast, further post-
processing cannot be reliably performed, and the samples cannot be cooled down to cryogenic 
temperatures due to the weak interaction forces. We thus developed a more robust bonding 
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Figure 4(a) shows the reflectivity of the sample at normal incidence (k// = 0) for both 300 K 
and 78 K. 

 

Fig. 4. Reflectivity experiments in the grating-down configuration (sample depicted in Fig. 
3(a)) with normal incidence, TM polarization, at room (above) and liquid nitrogen (below) 
temperature; (b) Transmission experiment for the same sample, showing an additional purely 
photonic peak (hidden in reflection) at 790 cm�1 (98 meV, compare to Fig. 3(a)), besides the 
expected lower and upper polariton excitation. Absorption is calculated as: A = 1-R-T = 0.24 
(UP), 0.28 (UP). 

Cooling induces a slight linewidth narrowing and spectral blue-shift of the polaritonic 
resonances. At last, since one of the desired features of III-V-on-CaF2 bonding is substrate 
mid-IR transparency, we probed the transmittance (2nd port of the system) at normal 
incidence in order to assess the level of absorption of the system. Figure 4(b) reveals the two 
polaritonic states in transmission at 300 K, whose spectral position is in excellent agreement 
with the reflectivity measurements. Most importantly, it is possible to estimate the system 
absorption as A = 1 – R – T: 24% and 28% of the light is absorbed respectively by the upper 
and lower polaritonic resonances. This value is in line with what is achieved with systems 
with a metallic back-plane when not in critical coupling [36], and it can be improved with 
judicious sample design. 

Having experimentally established that this III-V on CaF2 bonding approach suits 
applications for polaritonic devices, also at cryogenic temperatures, we analyzed with 
numerical simulations its suitability in the field of guidonics in the mid-IR spectral range. 
This is of interest for passive and active devices [12,37,38], but also in principle for mid-IR 
frequency conversion applications [39–41]. 

We have numerically simulated the propagation of a TM00 mode into an etched GaAs 
passive waveguide bonded onto a CaF2 substrate, as schematized in Fig. 5(a). 
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