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1. Graphene has a linear dispersion relation near the Dirac point, with  

𝐸(𝑘) = ±ℏ𝑣𝐹|𝑘𝑥
2 + 𝑘𝑦

2| 

a. Evaluate 𝑛𝑠 = 4∑ 𝑓0𝑘𝑥,𝑘𝑦 and show that 𝑛𝑠 ∝ 𝐹1(𝜂𝐹) and that graphene has a DOS 

which increases linearly with energy. The factor 4 originates from spin and valley 

degeneracy. 

b. Evaluate 𝐽+ = 4𝑞∑ 𝑣𝑥𝑓0𝑘𝑥,𝑘𝑦 and show that 𝐽+ ∝ 𝐹1(𝜂𝐹). 

c. Numerically evaluate the minimum achievable current density for a ballistic 

graphene FET at T=300 K, which occurs when EF is at the Dirac point (kx=ky=0). vF=106 

m/s.  

 

2. A high performance MOSFETs have demonstrated gm~3.0 mS/µm at VDS=0.5 V, VGS-VT=0.4 V 

(Lee et. Al, IEEE EDL pp.621, 2014). The device consists of a 5-nm-thick InAs quantum well, 

and a 3-nm-thick HfO2 oxide.   

 
 

How close does this transistor operate to the ballistic limit (gm,exp/gm,bal)? Numerically 

calculate the drain current (assuming a single subband), and obtain the transconductance. 

Use r,ox=25 and m*=0.03 m0. 

 

3. One of the reasons for lower gm for a III-V MOSFETs are traps inside the high-k oxide (Dit). 

This leads to extra stored  charge, changing the relationship between potential and applied 

voltages:  𝜓𝑠 = 𝑉𝐺 −
𝑞𝑛𝑠(𝜓𝑠)

𝐶ox
−

𝑞𝐷𝑖𝑡(𝜓𝑠)

𝐶ox
 . Assuming a FET operating in the saturated regime 

with T=0K, derive a relation for 𝑔𝑚 ∝
𝛿𝜓𝑠

𝛿𝑉𝐺𝑆
. For the trapped charge, you can assume 

𝑛𝑡𝑟𝑎𝑝𝑝𝑒𝑑 = 𝑞𝐷𝑖𝑡𝛿𝜓𝑠, where Dit is the concentration of traps. For the FET from 2, how much is 

the gm degraded if Dit=1013cm-2eV-1. 

 

For numerical evaluation of the Fermi-Dirac integrals, you can use FD_int_approx.m from the 

homepage. 


