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Compact chip-scale cooling devices are of tremendous interest for high heat flux cooling 
in ever-shrinking electronic and optoelectronic systems. Increasing the thermal capability 
of chips is essential to realizing higher computing performance from advanced integrated 
circuits (ICs). Heat generation from ICs are also spatially non-uniform, resulting in 
regions of localized high heat fluxes known as hotspots (>1000 W/cm2). Moreover, in 
microprocessor applications, the degree of non-uniformity in heat generation is 
computational workload dependent and has to be managed on demand. Usually the 
hottest location on the chip is the most critical as it determines the reliability and 
performance of the entire chip/system. Similarly, in optoelectronic systems, the performance of a semiconductor 
laser is highly dependent on the temperature of the active regions that lase, and here the heat flux can reach 
more than 1000 W/cm2.  

Solid state thermoelectric refrigeration has been of interest for a long time because its potential fabrication is 
compatible with current silicon complementary metal-oxide-semiconductor (CMOS) chip and other 
semiconductor device technologies. With this paper, we demonstrate a solution for the localized high heat flux 
problem by integrating very thin (~100 µm) thermoelectric coolers fabricated from nano-structured Bi2Te3-
based superlattice materials into state-of-the-art electronic packages. Cooling of as much as 15ºC was achieved 
at the targeted region on the silicon chip, with a heat flux of 1250 W/cm2.  

Our results demonstrate the first viable chip-scale refrigeration technology for future generations of electronic 
and optoelectronic devices. The localized, on-demand, high-speed cooling is expected to open up the possibility 
of novel and energy-efficient thermally controlled circuits for electronics, photonics, and lab-on-a-chip bio 
applications. With further advances in understanding of electrical and thermal interface physics of these cooling 
devices and improved interface materials used in packaging, as well as advancements in superlattice 
thermoelectric materials, it is expected that additional cooling capability and efficiency will be realized for 
ultra-high performance, energy-efficient, computational and optoelectronic ICs. 

Link: http://www.nature.com/nnano/journal/v4/n4/abs/nnano.2008.417.html  
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