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High Speed Electronics 2019 – Exercise 1 Solutions 

 

 

1. a)  Effective conduction band density of states of In0.53Ga0.47As Nc
 = 2.1*1017/cm3 

     n ≈ Nd
 (Doner doping concentration) 

 

For Nd = 1016/cm3,  

n < 0.05Nc and the Maxwell-Boltzmann statistics holds. 

Therefore,  

𝐸𝑓 − 𝐸𝑐 =  𝑘𝑇 ln (
𝑛

𝑁𝑐
) 

     

                 = - 0.08 eV 

 

For Nd = 1018/cm3, 

 n > 0.05Nc and so using Joyce-Dixon approximation, 

𝐸𝑓 − 𝐸𝑐 = 𝑘𝑇[ln (
𝑛

𝑁𝑐
) + 

1

√8
(

𝑛

𝑁𝑐
) − 0.00495 (

𝑛

𝑁𝑐
)

2

] 

           = 0.08 eV 

 

For Nd = 1019/cm3, 

n > 0.05Nc and so using Joyce-Dixon approximation, 

𝐸𝑓 − 𝐸𝑐 = 𝑘𝑇[ln (
𝑛

𝑁𝑐
) + 

1

√8
(

𝑛

𝑁𝑐
) − 0.00495 (

𝑛

𝑁𝑐
)

2

] 

           = 0.24 eV 

 

 

b)               Ec                                                         

                   Ef                                                             Eg 

 

                   Ev   

 

Number of holes 
 

𝑝 = 𝑁𝑣𝑒
𝐸𝑣−𝐸𝑓

𝑘𝑇  
 

 Ec – Ev + Ef – Ef = Eg 
(Ev – Ef) = – Eg – (Ef – Ec)      
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Effective conduction band density of states of In0.53Ga0.47As Nv= 7.7*1018/cm3 
Bandgap of In0.53Ga0.47As Eg = 0.74 eV  

 

n (/cm3) Ef – Ec (eV) Ev – Ef (eV) p (/cm3) 

1016 -0.08 -0.66 5.9*107 

1018 0.08 -0.82 1.2*105 
1019 0.24 -0.98 245 

 

c)      

 By mass action law,  

𝑛𝑖
2 = (√𝑁𝑐𝑁𝑣 𝑒

−𝐸𝑔

2𝑘𝑇 )
2

 

= 5.65*1023/cm6 

n (/cm3) p (/cm3) np (/cm6) 
1016 5.9*107 5.9*1023 

1018 1.2*105 1.2*1023 

1019 245 245*1019 

 

Thus the mass action law is valid only when the Maxwell-Boltzmann approximation is valid. 

 

2. The Fermi-Dirac integral can be calculated by substituting j = -0.5, 0, 0.5 for 1D, 2D and 3D 

systems. Taking GaAs (m* = 0.067m0) as an example and assuming Ef – Ec = 0.1 eV , the 

carrier concentrations can be calculated using the following equations: 

𝐹𝑗 (𝜂𝐹 ) = 𝜂𝐹
𝑗+1

/𝛤(𝑗 + 2)  

 

𝑛1𝐷 =
√2𝑚∗𝑘𝑇

ℎ√𝜋
𝐹−1

2

(𝜂𝐹 ) 

           = 28 cm-3 

             

𝑛2𝐷 = (
𝑚∗𝑘𝑇

𝜋ℎ2 ) 𝐹0(𝜂𝐹 ) 

         = 7*108 cm-3 

 

𝑛3𝐷 = 2 (
2𝜋𝑚∗𝑘𝑇

ℎ2 )

1.5

𝐹1
2

(𝜂𝐹 ) 

         =  4*1018 cm-3 



Abinaya Krishnaraja 
abinaya.krishnaraja@eit.lth.se 

 

 
 

 

3.     𝑛𝑠 =  ∫ 𝐷2𝐷𝑓0(𝐸, 𝐸𝑓)𝑑𝐸
∞

𝐸1
   

For low temperature, the effective density of states reduces and hence Maxwell-Boltzmann 

condition (n < 0.05 Nc) is not valid. Hence considering degeneracy, 

       

       =  ∫ 𝐷2𝐷(1 − 𝜃(𝐸𝑓)𝑑𝐸
∞

𝐸1
    

 

       =  ∫ 𝐷2𝐷𝑑𝐸
𝐸𝑓

𝐸1

 

       =  
𝑚∗

𝜋ℎ2 (𝐸𝑓 − 𝐸1) 

  𝐸𝑓 − 𝐸1  = 
𝜋ℎ2

𝑚∗
𝑛𝑠 

 

 m*(m0) Ef – E1 (eV) 

InAs 0.026 0.28 
GaAs 0.067 0.11 

In0.53Ga0.47As 0.041 0.18 
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4. To avoid short channel effects,  

 

Lg > 2λ 

Lg > 2*(tQW + 2tox)  [since the dielectric constants are assumed to be equal] 

tQW < (Lg – 4tox)/2  

 

Thus the thickest possible quantum well to avoid short channel effects with the given t ox = 

2nm and Lg = 10nm is tQW = 1nm. 

 

 

5. a) Oxide capacitance Cox = 
ƐoxƐ0

tox
  = 0.089 F/m2 

b) Quantum capacitance Cq = 
𝑞2𝑚∗

𝜋ℎ2  = 0.027 F/m2 

c) Charge centroid capacitance Cc = 
ƐsƐ0

0.36∗twell
 = 0.068 F/m2 

    

Total gate capacitance Cg = 
1

Cox
−1+𝐶𝑞

−1+𝐶𝑐
−1  = 0.016 F/m2 

 

 

6. a) Ignore Cc 

     Cg =  
1

Cox
−1+𝐶𝑞

−1 = 
ƐoxƐ0

tox+ Δtox
  

 

     Δtox =  
ƐoxƐ0𝜋ℎ2

q2𝑚∗   

 

b-d)   Cg/Cox = 
1

1+(
Δ𝑡𝑜𝑥
tox

) 
 

 

 

Larger Cg/Cox signifies Cq > Cox. From the plots, GaN with larger m* than InAs has higher Cg/Cox 

even for thinner tox and so the gate stack is more scalable for GaN. 
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