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Micro-channels with large internal volumes are desired in highly 
exothermal micro-reactors, such as an integrated Wobbe index meter [1] 
with on-chip microscale natural gas combustion and localized 
temperature sensing, or a propellant micro-thruster [2]. State of the art 
experimental studies on microscale combustor devices have rarely been 
reported due to flame extinction phenomena in the small micro channels. 
The underlying reason for micro-flame extinction is that the small 
channel dimensions result in large surface-to-volume ratios, which 
induces thermal quenching and radical quenching of flames [3]. 
Therefore, good thermal isolation and a chemically inert chamber inner 
wall material are needed with well controlled heating of the chamber 
walls and local temperature sensing. The structure needs to be 
mechanically strong and survive large temperature gradients. In this 
abstract we report a fabrication method for large volume micro-channels 
and reaction chambers with chemically inert silicon-rich silicon nitride 
(SiRN) walls and embedded silicon heaters. Additional platinum heaters 
and temperature sensors are deposited on top of the structures.   
 
We developed a fabrication method called Trench Assisted Surface 
Channel Technology (TASCT). A cross-section of a combustor chamber 
fabricated by this method is illustrated in Figure 1. This process requires 
a single SOI wafer and channels are realized in the device layer. The 
fabricated channels and chambers all have a rectangular cross-section. 
High aspect ratio trenches of 3µm wide and 50 µm deep are the key 
feature to fabricate these large channels. These deep trenches can be 
refilled with low-stress SiRN and polysilicon and perform two functions. 
First, they act as pillars to support large membranes and second, they 
function as channel side walls and define the channel shape. The height 
of the channel side walls is 50 µm, defined by the device layer thickness 
of the SOI wafer. Surface channels of any desired shape and planar 
dimension can be made through the combination of the high aspect ratio 
refilled trenches [4] and the surface channel technology [5] developed 
earlier in our group. The top and bottom of the channels are formed by 
low-stress SiRN membranes with a thickness of 3.2 µm and 1.6 µm, 
respectively. These thin membranes can be several millimeters long or 
wide and can be connected by the pillars for better mechanical strength. 
The structures can be released from the substrate by selective etching of 
the handle layer. The result is a thermally stable, chemically inert and 
strong structure with good thermal insulation. Highly doped silicon 
heaters are defined by the refilled trenches to provide preheating for the 
combustor chamber side walls.  
 
All key fabrication steps of the proposed process have been tested and 
optimized. Figure 2 shows the obtained results for trench etch and refill, 
slits and channel formation, as well as cavity etch by XeF2.  We 
optimized the BOSCH process to etch trenches with the required high 
aspect ratio of 17. The SiRN and polysilicon refilled trenches give 
grooves and holes in the wafer surface, especially at corners (Figure 
2(b)), and a planarization resist is necessary for good resist step 
coverage near the trench grooves. Based on surface channel technology 
[5], 2 µm by 5 µm small slits were etched and a XeF2 etch was used to 
remove the silicon inside the channels. Next, thin channel walls were 
formed and the slits were sealed by low stress SiRN low pressure 
chemical vapor deposition. XeF2 shows high silicon etching speed and 
can be used to create cavities. We demonstrated that millimeter sized 
SiRN membranes can be realized by supporting the membranes with an 
array of pillars using a pillar distance in the order of 200 µm. Future 
work will be to fabricate a complete working device with inlets and 
outlets, and with additional platinum heaters and temperature sensors. 

 

 
 

 
 
Figure 1.  SOI wafer cross-section illustrates the large volume SiRN 

combustion chamber. Silicon heaters are defined by the 3um 
wide trenches to heat up the chamber side walls. Platinum 
heaters and temperature sensors are placed on top of chamber 
and provide chamber roof heating and sensing. Large side 
and bottom cavities exist around the chamber for good 
thermal isolation. Silicon pillars are also defined by the 
trenches to support the large silicon nitride membranes.  

 
 

       
 

        
 
Figure 2.   (a) SEM of 3 µm wide and 50 µm deep trench by Bosch etch; 

(b) SEM of SiRN refilled trench and corner effect; (c) SEM 
of planarization resist’s good step coverage on trench 
grooves; (d) Microscopic top view of large channel with 
supporting pillars and closed slits. 
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