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Introduction: Micro-channel silicon cooling plates for silicon 

detectors are currently used at CERN. For evaluating cooling 

plate reliability when internally pressurized, an investigation 

has been launched for understanding the mechanical 

performances of rectangular micro-channels embedded in 

mono-crystalline silicon subject to internal hydraulic pressure. 

Computational Methods: Both a 3D and two 2D models of 

silicon micro-channels samples were created in the Structural 

Mechanics Module of COMSOL. Fracture, calculated by the J-

integral, is considered to have occurred when the strain 

energy release rate is greater than the critical elastic energy 

release rate for that geometry and materials.  

 

 

 

 

The micro-channels are etched in a silicon wafer and then 

closed by anodic bonding with a 2 mm Pyrex wafer. The silicon 

“cover” height, the channel width and the internal pressure are 

changed parametrically. The internal pressure is introduced as 

a boundary load equally on all sides of the channel. The 

samples are experimentally tested by injecting water into the 

channel and increasing the pressure till the rupture of the 

“cover”. 

Results: The fracture pressure for each geometry is 

determined when the maximum stress measured within 

the channel or the J-integral calculations exceeds the 

analytically calculated critical stress. All three models are 

compared to experimental results.  

Conclusions: Preliminary results of 3D and 2D COMSOL 

models compare well to experimental testing of fracture 

pressure. Understanding the reliability of these devices is 

paramount to develop them as extremely efficient thermal 

solutions. 
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Figure 2. 2D Geometry of Microchannels in COMSOL 

Figure 3. 3D Model with Stress Analysis 

Figure 4. Comparison of Experimental Results to COMSOL Models. 

Figure 1. Silicon Microchannel Samples before and after testing. 
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