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SILICON CHAMBERS FOR ENHANCED-IMAGING OF DROPLET ARRAYS IN A GRADED TEMPERATURE FIELD

Nicolas Lobato-Dauzier 1,2 , Robin Deteix 1,2 , Matthieu Denoual 2,3 , Hiroshi Toshiyoshi 1,2 , Hiroyuki Fujita 4 , Teruo Fujii 1,2 and Anthony J. Genot 2 1 Institute of Industrial Science-The University of Tokyo, Tokyo, JAPAN 2 LIMMS-IIS/CNRS, Tokyo, JAPAN 3 Greyc-ENSICAEN/CNRS, Caen, FRANCE 4 Advanced Research Laboratories-Tokyo City University, Tokyo, JAPAN We report the development of a silicon chamber to incubate ~300,000 droplets in a precisely controlled temperature gradient. The chamber draws from the strength of silicon (mechanical robustness, airtightness, thermal conductivity and optical reflectivity) while avoiding its drawbacks (complexity and cost of fabrication, bonding and chip-to-world connection). PDMS is a ubiquitous material for generating droplets, but its properties (porosity, low thermal conductivity, autofluorescence, lack of rigidity) make it less than ideal for incubating droplets [START_REF] Hatch | 1-Million droplet array with wide-field fluorescence imaging for digital PCR[END_REF].

The ideal chamber for incubating droplets must meet mechanical, thermal, optical, and chemical constraints that are rarely satisfied simultaneously. It should be mechanically robust and airtight to prevent the compression, displacement or evaporation of droplets, and the nucleation of air bubbles that may occur upon heating or cooling. The chamber should be wide enough to store hundreds of thousands of droplets across its surface, but be sufficiently thin and flat to hold only a single layer of droplets across its depth. It should be thermally conductive to keep the temperature uniform, and quickly transmit temperature jumps to the droplets. Lastly, its surface should be chemically inert to avoid contamination, hydrophobic to prevent the merging of droplets, and non-porous to stop the diffusion of small molecule or gas inside and outside of the chamber.

Here we present silicon chambers for incubating emulsions of droplets. The chambers are fabricated by etching a rectangular chamber (~1 cm × 6 cm) with a depth (of ~50 μm) that prevents bilayering. After etching, the chambers are first coated with a thin layer of aluminum (to enhance their optical reflectivity) and then with a layer of CYTOP to render their surface hydrophobic. The fabrication process is cheap and simple: about 24 chambers can be fabricated in one day of clean room processing. (Fig. 1A)

We fill the chamber with a "self-closing" strategy that eschews the challenge of connecting a chip to the outside world. Briefly, the emulsion is gently spread along in the chamber, and enclosed by simultaneously sliding a coverslip on top (Fig. 1B). The thin layer of oil and surfactant tightly seals the chamber for at least a few days. We then slide the chamber in a 3D-printed magnetic frame (Fig. 2) and fit it in our observation setup, which comprises two Peltier elements placed on a copper plate (Fig. 3).

We investigated the thermal properties of the chamber with a DNA thermometer whose fluorescence varies sigmoidally with temperature [START_REF] Gareau | Programmable quantitative DNA nanothermometers[END_REF] First, we measured the melting curve of the emulsion by homogeneously heating the chamber. The fluorescence traces in bulk and droplet chamber are almost juxtaposable -denoting the excellent thermal properties of Si (Fig. 4). Secondly, we imposed a thermal gradient in the copper plate of 30°C over 10 cm, and measured the fluorescence of the droplets along the horizontal axis of the chamber (Fig. 5). After calibration, we find that the thermal gradient in the Si chamber (~2.8°C/cm) is close to the gradient imposed on the copper plate. 
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 12 Figure 1: Schematic of the fabrication process (A.) and the filling of the chamber (B.)

Figure 3 :

 3 Figure 3: Schematic cross section of the observation setup. Thanks to the frame and magnets the chamber's position can be easily adjusted.

Figure 4 :

 4 Figure 4: Melting curve of DNA thermometers [2]. (top). Time sequence of micrographs of DNA thermometers droplets in the Si chamber with uniform heating. (bottom)