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Design and Fabrication of a Micro-Heat Pipe with High-Aspect-Ratio
Microchannels

Kwang Hwan Oh’, Minkyu Lee" and Sungho Jeong®

ABSTRACT

The cooling capacity of a micro-heat pipe is mainly governed by the magnitude of capillary pressure induced in the
wick structure. For microchannel wicks, a higher capillary pressure is achievable for narrower and deeper channels. In
this study, a metallic micro-heat pipe adopting high-aspect-ratio microchannel wicks is fabricated. Micromachining of
high-aspect-ratio microchannels is done using the laser-induced wet etching technique in which a focused laser beam
irradiates the workpiece placed in a liquid etchant along a desired channel pattern. Because of the direct writing
characteristic of the laser-induced wet etching method, no mask is necessary and the fabrication procedure is relatively
simple. Deep microchannels of an aspect ratio close to 10 can be readily fabricated with little heat damage of the
workpiece. The laser-induced wet etching process for the fabrication of high-aspect-ratio microchannels in 0.5mm thick
stainless steel foil is presented in detail. The shape and size variations of microchannels with respect to the process
variables, such as laser power, scanning speed, number of scans, and etchant concentration are closely examined. Also,
the fabrication of a flat micro-heat pipe based on the high-aspect-ratio microchannels is demonstrated.
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Table 1 Overall dimension of MHPs

MHP1 MHP2

Vapor space width (um) 690 690
Vapor space depth (um) 500 500
Channel width (pm) 50 50
Channel depth (pm) 100 200
Channel pitch (um) 150 150
Number of channels 5 5

Aspect ratio 2 4
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Fig. 1 Calculated heat transfer limit of the MHPs in Table
1 as a function of operation temperature
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Fig. 2 Schematic diagram of the experimental setup
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Fig. 3 (a) Top view and (b) the cross-sectional profile of
the microchannels fabricated at P=1.75 W, V=10
pm/sec, C=10%, and N=1 (left) ~ 10 (right)
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Fig. 4 Variations of the etch (a) width and (b) depth

with respect to the number of scans; P=1.75 W,
V=10 um/sec, and C=10%
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Fig. § Variations of the etch (a) width, (b) depth, and (c)
aspect-ratio of the microchannels for varying
laser power; V=10 pm/sec, C=10%, and N=5
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(b)

Fig. 6 Cross-sectional profiles of the microchannels
fabricated at the different etchant concentrations;
(a) 10%, (b) 20%, (c) 30%, and (d) 40%. Top
views of the microchannels produced (¢) 10%
and (f) 40% conditions. Other process variables
are P=1.75 W, V=10 um/sec, and N=5
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Fig. 7 (a) Etch width and depth of the microchannels
shown in Figs. 6(a) to 6(d) and (b) the
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 F WA 1 mm Q) 2E|Qx BE Ay 7} the top and bottom plates of the prototype MHP
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Hsls 28 vlo]32 3|Egto]TE Fig. 8(c)ol (b) top, middle, and bottom plates before
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fluid
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