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It’s the middle of summer and you need to go run an errand. And running an errand means getting into that car and driving 

to wherever these errands get done. So the first thing you do or at least you should do when you get into that car of yours 

is to put on a seatbelt. And while in that process, you inadvertently touch the metal clip instead of touching the cloth 

portion of the belt and you get stung. So a big ouch. But why don’t you get stung when you touch the belt instead of the 

clip? The conduction heat transfer equation has all the answers but before that let’s theorize what is actually taking place. 

What’s a normal human body temperature? 37 oC. What’s the typical temperature inside a car during hot summer days? 

Say it’s 70 oC. So everything inside the car including the seat belt and the clip is at 70 oC. The cloth part of the belt is a 

combination of loosely packed fiber with pockets of air. Both are very poor conductors of heat. Which at a sub-atomic 

level means that the transfer of kinetic energy from one molecule to the next does not happen through the movement of 

electrons but happens more due to vibrations of the atoms and molecules that comprise the cloth portion of the belt and 

in turn transfers energy from one molecule to the next. 

But in metals (the clip portion of the belt), the tightly packed molecules have electrons that are free to carry the kinetic 

energy and transfer it immediately if a temperature difference exists (between the metal clip and your skin in this case). 

The heat transfer continues until the surface of your hand if it remains in contact with the clip reaches thermal equilibrium 

which would be somewhere in between your body’s temperature and the clip’s temperature.  

So what do we know? Material property matters which in the case of conduction heat transfer is the thermal conductivity 

of the materials. Temperature difference between two bodies in contact matters as well because if there is no 

temperature difference, there is no heat transfer. What also matters is the surface area of the contact. You feel the sting 

more if you touch the clip with the tip of your finger than with your hand. There are other reasons at play here for example 

the presence of more sensory receptors in your fingertip etc. but surface area plays a big role. And thermal equilibrium is 

reached faster when the entire hand holds the clip versus the fingertip touching it. 

And say you are into working out. And working out should mean lifting weights. That means over time, your hands will 

develop calluses (a thick layer of dead skin) that forms in response to repeated contact with the equipment. If you touch 

the same clip with callus covered hands, you’ll likely not feel anything. That’s because the dead skin that makes up a callus 

now acts as a thermal barrier and the thicker it is, the more resistive it would be to the transfer of heat. So thickness 

matters between the two temperature zones. 

And all that we just talked about can be formalized as… 

 

𝑄 = 𝑘 𝐴
𝑑𝑇

𝑑𝑥
 

 

Q = rate of heat transfer measured in W or Joules/s 

k = thermal conductivity of materials (W/moK) 

A = surface area of the contact (m2) 

dT = temperature difference (oC) 

dx = thickness of the barrier (m) 



Now that we’ve got that straight, say we have a wirebond chip packaged in a molded BGA package with a wire directly 

connected to the heat generating source as shown below. 

 

The entire unit is in contact with an infinite heat sink on the other side maintained at say 0 oC. So there will be a 

temperature difference between the location of the heat source at the chip and the heat sink. And the heat has to travel 

from that source through the bulk of the chip through the die attach (in yellow), through the composite structure of the 

substrate, through the pins and into the sink. The flow of heat hence encounters a series of resistors from the source to 

the sink.  

If the device powers on once and then shuts off, the heat generation will be a one-time event with the temperature at the 

location of the heat source spiking initially and then eventually reaching steady-state (temperature of the heat sink). 

But that’s not what happens in most applications. Heat generation is assumed or should be assumed to remain constant 

and that means that the location of the heat source will always remain at a temperature higher than that of the heat sink. 

How much higher will depend on how easy it is for the heat to sink.  

So what happens when we turn on the device and leave it on? The small heat source starts to generate heat and that heat 

will try to find the least resistive path to get to the heat sink. That means that the heat flow will start to spread out from 

the concentrated point into the bulk of the chip and then through the rest of the structure and then to the sink. So the 

surface area of the heat source increases by the time it gets to the bottom of the chip because that’s what forms the least 

resistive path as shown below. 

 

The material of the chip hence plays a big role in how far the heat spreads. Silicon for example with k ~ 150 W/moK exhibits 

more spreading than GaAs which is evident from the plots above. 

Thermal conductivity of die attach which is a series resistor between the device junction and the sink should also influence 

thermal performance. And it does hugely as shown below. 
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A thing to note is the extent of spreading between the two die attach options. The heat tries to spread out through the 

chip first and then sink down for the structure with lower die attach k. With the high k die attach, the heat doesn’t bother 

to spread out as much and instead tries to sink as quickly through the cross-section as possible. 

How much does the presence or the size or the material of the wirebonds matter?  

 

Not much. And this with GaAs. With silicon, the difference is even smaller as shown below. 

 

What about TSVs? Do they make any difference in sinking heat?  

 

No difference. So don’t do TSVs hoping to make a dent in device thermal performance. 



But back to the original question at hand – would a flip chip device be better at sinking heat than a wirebond option? A 

quick sketch first… 

 

The glue between the chip and the substrate (in yellow) called the underfill is at most times the same material as the mold 

compound but there could be instances where that’s not the case. But regardless, it’s still a dielectric with thickness at 

least 2x that of what’s available in wirebond options. And the fact that the chip is flipped means that the heat source now 

is closer to the sink than before. So you would think that the resistance to the flow of heat from the device junction to the 

sink would be lower in flip chip than in wirebond configurations? But that’s not the case as shown in the plots below. 

 

The fact that the heat source does not get to encounter the entire thickness of the chip in the flip chip case is the primary 

reason for the higher temperature and hence higher junction to sink thermal resistance for flip chips. The heat instead 

tries to spread out as best as possible but the relatively high thermal barrier (underfill) prevents efficient heat sinking. 

The situation is a bit better with silicon but the trend persists – flip chip configuration is inferior in sinking heat into the 

board than it is the case for wirebond devices. 

 

Now that’s with the assumption that junction to board is the dominant path for heat flow. And that may not be the case 

always. We need temperature difference between device junction and the board for heat to flow into the board but if the 

board temperature is elevated due to the presence of other heat generating devices sinking their heat into the same 

board, the delta temperature between the chip and the board might not be there. The heat then has to find other ways 

to dissipate to the ambient like for instance, through the package top (case). So what’s the difference in thermal 

performance then? 
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Not as big of a gap between the two and in fact thermal resistance to the flow of heat through the package top is actually 

lower for wirebond than it is for flip chip. And that makes sense. The heat generation for wirebond is at the top surface of 

the chip and all it has to do to get to the package top is traverse the cross-section of the mold compound (thermal 

insulator) above it. In the case of flip chip, the heat has to traverse not only the mold compound but also the cross-section 

of the chip. And hence the slightly higher junction temperature for flip chips which in turn means higher junction to case 

thermal resistance. 

But this trend is true only for the thermally inferior GaAs. 

 

With silicon, heat tries to spread out more through the bulk of the chip for the flip chip option because that forms the 

least resistive path formed by the expansion of the surface area of the heat generating source.  

So what’s the moral of the story? If lower junction to board thermal resistance is the goal and with all else being equal, a 

wirebond option with the entire chip’s volume available for the heat to spread first and then sink will be superior to that 

of flip chip where it doesn’t get a chance to spread as efficiently. Plus the glue between the chip and the substrate is 

oftentimes thinner and of higher thermal conductivity for wirebonds than it is with flip chips. 

And applications with GaAs chips will always be thermally inferior to silicon from the conduction heat transfer perspective 

with chip material property differences being the primary cause. 

For applications where junction to case is the dominant path for heat flow, either configuration yields generally the same 

performance. 

And that’s all there is to it. 


