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It is a continued trend in industry to put more functions on a chip and therefore scale the 
device dimensions. One issue with scaling the device size is channel doping. If the channel 
doping is too low, which is needed to have small threshold voltage, punch-through effect can 
occur. Therefore, the channel doping must be increased and the oxide thickness decreased to 
satisfy the above conflicting requirements of eliminating punch-through and still having enough 
inversion charge in the channel. Yet another unwanted effect appears when the substrate doping 
is increased and that is impact ionization process. This is due to the fact that the drain/channel 
junction is reverse biased and moreover when the doping increases the critical electric field in the 
channel region of the device increases. 

In this exercise you are required to simulate three generations of devices with parameters 
specified in the table below with and without impact ionization included in the model: 

 
Channel length Substrate doping Oxide thickness VDD (V) VG (V) 
100 nm 1017 cm-3 3 nm 0 to 1.8 1, 1.4, 1.8 
45 nm 5×1017 cm-3 2 nm 0 to 1.2 0.8, 1, 1.2  
25 nm 1017 cm-3 1 nm 0 to 1.0 0.6, 0.8, 1 

 
Answer the following questions by looking at the output characteristics and final electric 
field profiles: 

(a) Are these well designed devices? Why or why not? 
(b) If not, what has to be changed in terms of device parameters? 
(c) Is punch-through effect observed in any of these devices? Why or why 

not? 
(d) Are these devices operating in the velocity saturation regime or not? 

 
Important note: when you choose impact ionization in your model you must also include 
the BIPOLAR option as both electrons and holes must be simulated. 


