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Say you want to stack two chips in a package and there could be a multitude of reasons why you might want to do that. 

Like for instance, instead of having two chips packaged in two separate packages on a system board, a stacked-chip 

application allows you to increase component density and reduce the resulting board and system costs. Plus instead of 

having the two chips packaged in two separate packages on a system board and communicating through relatively longer 

wires and traces, stacking chips allows for an order of magnitude reduction in distances signals have to travel, hence 

improving bandwidth and system performance.  

So you decide to stack two chips. You have a bottom chip and a top chip. If both chips are of the same size and use 

wirebonds to connect to the package, you can’t just stack them because the wires from the bottom chip will touch the 

top one. So you use a spacer to space the two chips apart and create a gap tall enough so that the wires from the bottom 

chip don’t touch the top.  

But how do the two chips talk to each other? The wires from both chips meet at the package (of substrate or leadframe 

type) creating the required communications link. This works but is not an ideal solution for reasons below. 

- The high impedance connection through wires means that this solution is not ideal for high-bandwidth 

applications.  

- And the fact that wires are used to deliver power to the periphery of the chips which then have to be routed to 

the center core means that if power supply noise is a concern in your application, don’t do this. 

- The fact that the two chips talk only when they meet the package can and will cause the package size to be larger 

than the options discussed below so hold off on that for now. 

- And thermals are going to be a nightmare, first because you are packing more stuff and second because both 

paths for heat dissipation (junction to case and junction to PCB) are inefficient. 

So you decide to have one chip connect to the package in a flip chip type configuration and the other using wirebonds. 

You then have a structure like this… 

 

 

No spacer required here so you save a few $$$. And gone are the days where the term ‘flip chip’ automatically implied 

more expensive. The flip chip packages in our portfolio today if carefully configured are almost always cheaper than that 

of wirebond types and that includes the cost of bumping. And since the bottom chip connects through more than an order 
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of magnitude shorter interconnects and if that is the only chip that requires low impedance power supply, we are done. 

So this is better than before but issues still remain… 

- The top chip still uses high impedance wirebonds so signal and power integrity concerns for that chip remain. 

- Thermals are still a nightmare. 

- And package size could be marginally smaller but not by any amount noticeable. 

And that’s where Through-Silicon Vias or TSVs come into the picture. TSVs literally mean what the name implies - drilled 

vias through the bulk silicon. And the only justifiable application and the most efficient use of TSVs is where 3D stacking 

of chips is required and where the chips need to communicate with each other like below. 

 

 

 

This is so much better than the previous two configurations because – 

- Negligible chip-to-package interconnect impedance and hence ideal for high-bandwidth applications. 

- Power can be fed directly to the core of both the chips so both static and dynamic power integrity performance is 

near perfect. 

- The chips can now communicate with each other without ever touching the package. That’s evident of course but 

this helps reduce the eventual package footprint that is required. 

- And junction to case thermal resistance can now be greatly improved by getting rid of the molding compound 

above the top chip and exposing the device. This helps facilitate system-level thermal enhancement where and 

when necessary because junction to case thermal resistance is close to zero. 

But TSVs don’t come cheap but in applications like above, the benefits might equate or surpass costs to implement them. 

The only way to assess the cost-benefit tradeoff though is through a detailed feasibility analysis from all perspectives – 

performance, thermal, footprint etc. 

Where TSVs Don’t Do Nothing… 

So you have a single-chip configuration like below and use TSVs? Why? 
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It’s one thing where a chip is intended for different configurations, some requiring stacking and some not and TSVs are 

implemented for stacking-only use cases. But why do TSVs when all active circuitry is facing the package substrate close 

to the bumps with nothing but dielectric at the top of the chip? That’s a puzzle that seems to have no good answers or at 

least I have not come across one. 

A Very Weak Use Case for TSVs… 

 

 

Applications that use TSVs for wirebonded chips like above claim that… 

- The reason TSVs help is because they provide a low impedance path for ground connections as that’s what they 

are primarily used for. Fine but if a low impedance power delivery network is what is needed to feed power 

efficiently to the chip, ground is just one leg of the equation. The other leg is VDD and we know current flows in 

loops so if one leg of the loop is strong (ground), the other leg that is VDD remains weak and becomes a bottleneck 

so that does not help. 

- TSVs improve RF or signal integrity performance. How again? We need two things for clean signal integrity 

performance – controlled impedance interconnects and minimal crosstalk. And to achieve both, we need very 

tight signal-return loops. Use of TSVs for ground takes one leg of the loop (ground) away from the signals, 

increasing the signal-return loop area, making both controlling impedance and minimizing crosstalk tricky and 

difficult. So it’s an open puzzle (again, at least to me) as to what justification there is to use TSVs to improve 

performance in a wirebonded device. 

And the glue that is used to attach a chip with TSVs to form a reliable ground connection is not a slam-dunk either as 

whatever performance edge we might get by making the ground connection through the chip stronger is lost in the 

relatively high impedance, messy and expensive glue attach process. 

The only reason TSVs can be justified in a wirebond application is when the chip is pad limited and the cost of increasing 

the size of the chip to accommodate more pads outweighs the cost and the associated yield loss to add TSVs on a wafer. 

If performance is what you are after, why mess with wirebonded chips in the first place. Just go flip chip and none of this 

matters. 

Open for questions or suggestions. Performance data to refute any of these claims are welcomed as well.  

Thank you. 

Electrically Conductive 
Die Attach


