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Based on your knowledge and the parameters in the table above, can you help him to address: 

a) Generally, with the same gate length (Lg), to achieve the same electrostatic integrity, In0.7Ga0.3As 
FinFETs require smaller WFin than Si FinFETs, why?  Assuming at 10 nm node, digital devices use 
Lg = 14  nm, EOT = 0.9 nm, to achieve DIBL < 80 mV/V, what is the required WFin for Si and 
In0.7Ga0.3As FinFETs? 

b) Why by changing WFin, there appears a shift of the Ninv vs. Vg curve?  What does this variation 
correspond to in a MOSFET performance metrics?  Why as WFin shrinks, the shift becomes larger 
(per WFin reduction)? 

c) Why with the same range of WFin change, In0.7Ga0.3As FinFETs show more variations than Si 
FinFETs? 

d) Why there exist kinks at high Vg for In0.7Ga0.3As FinFETs? 
e) Regarding the quantum capacitance model introduced in Lec.4, draw qualitatively the gate 

capacitance vs. gate voltage (Cg vs. Vg) curves for Si and In0.7Ga0.3As FinFETs.  Identify all the 
possible differences. 

Problem 3 Scatterings and Carrier Mobility 

1) Your friend at material science department has recently synthesized three types of compound 
semiconductors, with their conduction bands (E vs. k) illustrated as below: 

 

Assuming all valleys have the same effective mass (m*) value and parabolic shape and are exactly 
isotropic, can you tell your friend which material has the highest electron mobility and which one has the 
lowest? (Hint: think about the impacts of scattering types on scattering rates) 

2) Universal mobility curve. 
a) Explain succinctly why universal mobility curve can make the carrier mobility curves “overlapped” 
at moderate and high E-field regions, regardless of the channel doping concentration?  And why it 
won’t be that universal at low E-field region? (Hint: think separately about the different scattering 
mechanisms) 
b) What does the coefficient before Qinv in Eeff formula depend on?  Use pictures to briefly illustrate. 

3) Metal Gate Granularity (MGG)-induced scatterings have been considered as the becoming important 
scattering mechanisms in recent CMOS technology nodes, whose principles are similar to surface 
roughness (SR)-induced scatterings.  Think about a metal gate used in a MOSFET device, due to the post-
metallization annealing can result in crystallization of the metal, it always consists of different 
crystallographic orientations with different workfunctions seen by the channel, as shown below.  When 
carriers are traveling along the channel, they actually feel the MGG scattering potentials. 
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I. II. III.

Si In0.7Ga0.3As

Dielectric Constant 11.7 14.3

Ave. Effective Mass 0.42m0 0.0344m0

Effective DOS (Nc) 3.2e19 cm-3 1.6e17 cm-3
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