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Abstract: In preliminary studies it could be shown that single crystalline silicon carbide wafers can
be porosified with metal assisted photochemical etching. Furthermore, the generation of porous
areas which are locally defined is possible with this method. By adjusting the etching parameters, a
highly porous layer (degree of porosity of 90%) can be formed which is under-etched by a line of
breakage. By depositing a compressively stressed amorphous SiC:H thin film on top of a porous
region, the a-SiC:H film can be locally separated from the substrate, resulting in a buckled
membrane configuration. Such membranes might open up potential applications in MEMS design
concepts.
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1. Introduction

Porous silicon (pSi) is a well-studied material providing various application scenarios such as
optical rugate mirrors [1], super-capacitors [2] or as sacrificial material in MEMS engineering [3].
Without a doubt, pSi is a promising material in many fields of research and industry but it is not
stable when it comes to application scenarios in harsh environments such as high temperatures [4] or
alkaline electrolyte solutions [3]. In such cases porous silicon carbide (pSiC) could replace pSi. Most
recently, metal assisted photochemical etching of 4H-SiC wafers has been shown to be a reliable
method for forming pSiC [5]. In particular with this method it is also possible to create a line of
breakage underneath a highly porous SiC layer. Such structures with an under-etched porous layer
can be locally defined. These achievements are the basis for the controlled separation of
compressively stressed thin films from the substrate, leading to buckled membranes. Such
membranes might show potential application in microfluidics as well as in actuators for studying the
response of biological cells to mechanic stimuli [6]. In this study, buckled membranes were fabricated
on 4H-SiC wafers by depositing amorphous SiC (a-SiC:H) onto locally defined, square shaped,
porosified areas. Since only chemically inert SiC was used the presented membranes are ideal
candidates for the before mentioned application scenarios.

2. Materials and Methods

Metal assisted photochemical etching (MAPCE) has been performed onto single crystalline 4H-
SiC wafers with a specific resistivity of (0.012-0.025) Q-cm. Therefore, 100 nm of platinum were
sputter deposited onto the surface of the 4H-SiC samples acting both as anode and etching resist
during MAPCE. Afterwards, the samples were immersed in an etching solution containing 0.15
mol/L H202 and 1.31 mol/L HF for 150 min. During this period of time the samples were irradiated
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with UV light having a wavelength of 254 nm. Finally, the Pt thin films were removed with boiling
aqua regia leading to square areas of locally defined porous SiC having side lengths of 50 and 100
um as it is reported in [7]. The experimental and theoretical details of the applied MAPCE approach
can be found in [5].

Afterwards amorphous, hydrogenated SiC (a-SiC:H) was deposited onto the samples by
utilizing a PECVD Oxford Instruments PlasmaLab 100 ICP-CVD reactor. As reactive gases methane
and silane were used while the reactive gas flow ratio of methane was 0.675 at a total reactant flow
of 20 sccm. The ICP coil power was set to 2000 W, no RF table power was applied and the substrate
temperature was set to 250 °C. Finally, the chamber back pressure was regulated to 8 pibar at an argon
flow rate of 50 sccm additionally to the reactant gases. Under these conditions 0.5 um of a-5iC:H were
deposited at a deposition rate of 13.6 nm/min. The resulting compressive thin film stress was 770
MPa.

For measuring the deflection of a buckled membrane a Polytec MSA-400 white light
interferometer operated in in phase-shift mode was used. For image generation a scanning electron
microscope (Hitachi SU8030) using acceleration voltages between 2 and 5 kV was used.

3. Results and Discussion

Figure 1a shows a highly porous layer which is under-etched by a line of breakage. Recent
findings allow an interpretation of this phenomenon [5].

a.) 150 min etched

Separation at line of breakage

Figure 1. SEM micrographs of porous silicon carbide generated with MAPCE (a) After 150 min of
etching. A highly porous layer with a line of breakage at the bottom [5] (b) Porous SiC covered with
0.5 um of amorphous SiC:H.

During MAPCE the porous layer is covered with functional groups such as -CHx or Si-O-Si. With
increasing H20:2 concentration the density of functional groups at the surface increases as well. On
the other hand UV-light irradiation is necessary during MAPCE to generate electron/hole pairs at the
etching solution/electrolyte interface. The radiation provided by the UV source with a wavelength of
254 nm splits H2O2 into radicals according to Equation (1). Thus with increasing H202 concentration
also its rate of degradation is increased. This leads to a decreased density of functional groups at the
bottom of the porous layer. Since the functional groups protect the porous layer from total dissolution
the upper layer is protected, while a line of breakage forms at its bottom as can be observed in Figure 1a.
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Such a highly porous layer was covered with a layer of amorphous SiC:H as is illustrated in
Figure 1b. A separation of the highly porous layer from the bulk substrate at the line of breakage can
be observed. This shows that there is a greater adhesion between the deposited a-5iC:H thin film and
the highly porous SiC than between the latter and the unmodified substrate. So truly a line of
breakage was fabricated, but still the realization of a buckled membrane needed to be proved.

Therefore white light interferometry measurements of a square area of porous SiC after a:SiC:H
deposition were performed. The results are illustrated in Figure 2. Indeed a buckled membrane was
observed as can be seen in Figure 2a. The corresponding curve of the membrane deflection along the
dotted line is shown in Figure 2b.
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Figure 2. SEM micrographs of porous silicon carbide generated with MAPCE (a) After 150 min of
etching. A highly porous layer with a line of breakage at the bottom (b) Porous SiC covered with 0.5
um of amorphous SiC:H.

4. Conclusions and Outlook

In summary it could be shown that amorphous SiC:H deposited with PECVD in combination with
highly porous SiC generated with MAPCE is a suitable method for the preparation of buckled
membranes.

Such membranes consist only of SiC, making them suitable for many application scenarios where
chemical inertness is desired such as actuators which are used for the stimulation of biological cells.
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