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Figure 1. Silver dendrites on the surface of the package. 

Additionally, moisture, in conjunction with a contaminant like chlorine or phosphorus, can drive a 
corrosion reaction, as shown in Figure 2. These reactions can occur at the leads of a package, the solder 
bumps, in the redistribution layer (if one exists), or on the die if metal is exposed. In general, plastic 
packages are more susceptible to these problems, as they have some permeability to moisture. The 
thinner the package, the faster moisture can penetrate to the die.   
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 Figure 4. Tin whiskers caused by retained stress in a package with pins that are plated with 100% tin. 
 
In next month’s Feature Article, we will cover Use Condition Failure Mechanisms.
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Ask the Experts 
 
Q: Why is Ieff now used more than Idsat? 
 
A: Ion (or Idsat) and Ieff are two different currents that reflect or represent the 

performance of a transistor. Generally, device physicists refer to Idsat (which is Ids at 
VDD or the nominal supply voltage of the process node) when comparing transistor 
metrics. So, a transistor with Idsat =1200 uA/um at 20nm is better than the one with 
Idsat =1000 uA/um (assuming same leakage or Ioff). However, this current is not 
useful to estimate circuit delay using the basic td=CV/I equation, where C= gate 
capacitance, V=supply voltage and I=current. This is because, in an inverter 
configuration, the current through the NMOS and PMOS never really reach Idsat.  

 
There was a very good paper from IBM that introduced this concept: 
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=1175793.  

 
The researchers estimated that the max current reached during inverter operation 

is the average of Ihigh and Ilow, and using Ieff is a better metric to calculate inverter 
delay in a process node. Transistors with the same Idsat can have different Ieff.  For 
example, transistors with lower DIBL will have more Ieff, and the one with higher Ieff 
will result in lower delay/better performance. Hence Idsat is not really the best 
metric, but Ieff is.
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