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Abstract

     With the progress of microelectronic technology, higher-density, higher-power and higher-speed VLSI has been fabricated. Also the higher heat removal rate and ability is required. It is expected that the rate of heat transfer should be of the order of 100W/cm
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. Tuckerman and Pease’s pioneering work on microchannels (i.e. channels with less then one millimeter in diameter) opened a new way for electronic cooling applications. On the basis of advanced microfabrication technology of silicon, flow channels raging in width and depth from a few micrometers to hundred micrometeres can be manufactured. Wet etching is in common use for the fabrication. Wet chemical etching provides a higher degree of selectivity and faster etching rate than dry etching. Especially, anisotropic KOH etching enable us to manufacture trapezoid or triangular cross section channel in <100> wafer and rectangular cross section channel in <110> wafer.  However, anisotropic etchants frequently leave rough surface. The flow friction and heat transfer in the channel is deeply influenced by wall roughness. At the same roughness, the size of the channel is smaller, and the influence is stronger. In the published literatures, some said that the classical theory could be used in the research on flow and heat transfer in microchannel, but some not. It can be concluded that these discrepancies chiefly depend on the roughness effects of the surface in microchannel.

     For example, the Darcy friction factor is a function of Reynolds number of the flow and the relative surface roughness of the channel and is defined as:
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where 
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 is the shear stress along the wall of the channels, 
[image: image4.wmf]e

 is the wall-roughness height. So the investigation on wall roughness in microchannel is a very important work.

     One chief reason for rough pyramid formation on silicon surface can be occlusion of the surface attachment of hydrogen bubbles as shown in Fig. 1, produced by either the electrochemical reactions, or the chemical dissolution reactions. When bubble formation or surface attachment of hydrogen bubble is reduced, the wall will be finisher. Hence, pyramid formation can be weakened and the roughness can be decreased by increasing the concentration of KOH or decreasing the solution temperature. So higher heat transfer efficiency  can be gotten by controlling the wall roughness.



Fig.1 Hydrogen bubbles on silicon wafer

     In generally the roughness is determined by the profile roughness parameter, 
[image: image5.wmf]L

R

, which is equal to the true length of the profile divided by its apparent project length and the area roughness parameter 
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, which is equal to the true area of the surface divided by its apparent project area. But these two parameters are mean value that there may be different style surface with the same roughness value. In fact, the wall surface geometry influences the heat and fluid flow deeply. So a new way to determine the surface roughness is expected for the research on heat transfer and flow in microchannel. In this paper, this problem is investigated by using fractal theory. 

      In this paper, the roughness profiles of different channel wall by different concentration of KOH and different solution temperature are investigated. The fractal dimension is calculated by using box counting. Box counting is a simple and better method. The basis of this method is the covering of the set 
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 with a sequence of square meshes of decreasing side 
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 and counting the number N of sequence that contain at least one point of 
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: It is shown in Fig.2.  And if the number N can be satisfied the following: 
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this property is known as self-similarity, and this structure is known as a fractal, D is the fractal dimension. And the value of the fractal dimensions of the different wall roughness by different etching conditions is among 1.02 to 1.6. The calculation showed that the wall roughness is a typical fractal structure.

     On the basis of the fractal dimension, we can conduct a new definition of Darcy friction factor as the following:
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where 
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 is the profile roughness measured by the roughometer.
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Fig. 2 Box counting
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