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Exercise 3: 

 

1. An InAs (r=14.6, m*=0.023m0) quantum well FET has tox=4nm, ox=22 and tw=6 

nm.   

o Calculate the total gate capacitance.  

o Calculate the position of the two lowest bound states, assuming the 

infinite well approximation. 

 

2. Show that the total gate capacitance for a quantum well FET can be written as 𝐶𝐺 =
𝜖𝑜𝑥𝜖0

𝑡𝑜𝑥+Δ𝑡
. Determine t for the FET from question 1.  

 

3. For a single subband QW FET, derive an expression for 𝐸𝐹 − 𝐸1 as a function of 

(𝑉𝐺𝑆 − 𝑉𝑇). Show that for the FET from question 1, only the lowest sub band is 

populated at VGS-VT < 0.5V.  

 

4. Derive an expression how to extract µn for a long channel FET from a 

measurement gm at low VDS, assuming CG is known. 

 

5. MoS2 (m*=0.45m0, r~4) is available as a 

mono layer material. From the back gated FET 

data presented in the figure, estimate the peak 

mobility. Lg=1.5µm and W=4µm. 

   

6. An quantum well In0.53Ga0.47As- HEMT has 

a 10 nm thick channel with a 5 nm thick 

InAlAs (Ec=0.5 eV) barrier.  The undoped 

portion of the InAlAs layer adjacent to the 

channel is 20 Å. The doped portion adjacent to 

the gate is doped 1.0×1018 cm-3. Assume that 

the barrier between the gate metal and the 

InAlAs barrier layer is 1.0 eV. The gate width 

is 10 m and the gate length is 100 nm. 

µn=5000 cm2/Vs, s=130 and  𝑚𝐼𝑛𝐺𝑎𝐴𝑠
∗ /𝑚0  =

0.041.  

 

a) Calculate E1-EC using the infinite well 

approximation (or use the finite expressions!) 

a) Find the threshold voltage. 

b) Calculate the effective oxide capacitance. 

c) Assuming no velocity saturation, calculate the saturation current and voltage at Vgs-

VT=0.5 V. 

d) With vsat=107 cm/s, calculate crit using the simple velocity saturating model 

described in the lectures. 

e) With saturation, calculate the saturation current and voltage at VGS-VT=0.5 V. 
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