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Introduction

What is passive cooling?

Technology demonstrator

The continuous miniaturization of electronics and increasing performance demands 
cause increasing heat fluxes in electronic products. This gives thermal management an 
increasingly dominant role in the design process of these products. Radical function 
integration of thermal management tools may offer cooling solutions within shrinking form 
factor demands. One of the promising techniques is passive cooling.

Passive cooling uses the latent heat of vaporization to transport large quantities of heat. 
Traditionally a heat pipe, as shown below, is manufactured as a tubular metal structure. It 
encompasses three essential parts: an evaporator, an adiabatic transport section and a 
condenser. 

A heat flux entering the evaporator vaporizes any available coolant liquid, hereby 
adsorbing the heat. The vapor travels through the transport section to the condenser, 
propelled by the pressure difference. In the condenser the vapor condenses and releases 
its latent heat. To complete the cycle the condensed liquid is pumped back to the 
evaporator by means of a capillary wick structure.

Figure 1. Heat pipe principle.

The heat pipe is a closed system; no external force is required for the transport of heat. 
This makes it an excellent candidate for electronics cooling. Nowadays heat pipes are 
already used in various notebook and desktop computers. For historical reasons this new 
technology is implemented as add-on functionality. We propose a novel, integrated 
approach in passive cooling solutions. In our technology demonstrator a heat pipe is 
integrated in an electronic product.

A flat miniature heat pipe is integrated inside the laminated structure of a printed circuit 
board (PCB), as visualized in figure 2. To transport the working fluid a wick structure is 
incorporated on the heat pipe’s top and bottom layer. The wick structure is composed of 
axially oriented capillary microgrooves. Production is based on mainstream PCB 
multilayer technology, therefore integration with, for instance, other signals lines is 
possible. This makes our product both easy to incorporate and cost effective.

Figure 2. Schematic layout (cross section).

The manufactured technology demonstrator is shown in figure 3. Heat is generated by the 
power resistor mounted on the evaporator side of the heat pipe. Evacuation and filling of 
the device is facilitated by the diaphragm. The internal pressure is monitored by the 
pressure gauge, whereas the temperatures across the board are measured by 
thermocouples attached to the thermal via’s.

Figure 3. Technology demonstrator. 

Experimental verification has shown successful heat pipe operation. Figure 4 shows the 
heat pipe performance for three different measurements at 10 Watts of power. The empty 
heat pipe shows a high temperature gradient indicating poor thermal transport, as can be 
expected. Both the horizontal and vertical oriented heat pipe are able to transport heat 
very efficiently. The overall temperature gradient is about 10 degrees.

Figure 4. Heat pipe performance.

Experimental results also compare well with model predictions. The results show an 
equivalent thermal conductivity 7 times better compared to solid copper. This establishes 
this concept as a promising micro cooling solution for future electronic products.

Hot spots on a PCB, caused by heat dissipating components, can be cooled with 
relatively small temperature gradients across the board. Thermal function integration 
allows less constraint design solutions, as heat dissipating components are made 
independent of the location of their heat exchanger. This allows for more overall design 
flexibility, which can result in a more integrated product design with advantages in terms 
of performance, volume, weight and production efficiency.

Experimental verification

Conclusions
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