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1 (8 points). What is the Miller index for the plane shown below? 

 

a. (2̅21) 

b. (22̅1) 

c. (221̅) 

d. (12̅2) 

e. (21̅2) 

 

2 (8 points). The density of germanium atoms in a face-centered cubic diamond lattice (shown below) is 

4.46×1022 atoms/cm3. What is the lattice constant 𝑎 for this structure? Note that 1 Å = 10-8 cm. 

 

a. 0.53 Å  

b. 2.82 Å 

c. 3.89 Å 

d. 5.64 Å  

e. 11.3 Å 
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3 (8 points). The intrinsic carrier concentration of a semiconductor increases with temperature. If all the 

dopant atoms in a p-type semiconductor are already ionized at a certain temperature, further increases 

in temperature will: 

a. shift EF down, away from EC and towards Ei 

b. shift EF up, toward EC and away from Ei 

c. shift EF up, away from EV and towards Ei 

d. shift EF down, towards EV and away from Ei 

e. not affect EF 

 

4 (8 points). What current is generated by electrons diffusing down a concentration gradient? 

a.  +𝑞𝐸 

b. – 𝑞𝐸 

c. +𝑞 𝐷𝑛 𝑑𝑝/𝑑𝑥 

d. −𝑞 𝐷𝑝 𝑑𝑛/𝑑𝑥 

e. +𝑞 𝐷𝑛 𝑑𝑛/𝑑𝑥 

 

5 (8 points). What is the approximate resistivity of intrinsic crystalline silicon at 𝑇 = 300 K? Note that 

𝜇𝑛 = 1400 cm2/V∙s, and 𝜇𝑝 = 450 cm2/V∙s. 

a.      307    Ω ∙  cm 

b.      0.307   𝑘Ω ∙  cm 

c.       0.307    𝑀Ω ∙  cm 

d.       0.307   𝐺Ω ∙  cm 

e.       0.307     Ω ∙  cm 
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Part II (Free Response, 30 points) 

For this problem, consider crystalline silicon at room temperature (𝑇 = 300 K). Assume that 𝜏𝑛 = 1 ps 

and 𝜏𝑝 = 0.26 ps. 

 

a. Calculate the mobility and diffusion constants for both electrons and holes in this material. Recall that 

𝜇𝑛 = 𝑞𝜏𝑛/𝑚𝑛
∗  and 𝜇𝑝 = 𝑞𝜏𝑝/𝑚𝑝

∗ . Effective masses are provided on the formula sheet. 

Inserting the given values, we obtain 𝜇𝑛 = 1600 cm2/(V ∙ s) and 𝜇𝑛 = 400 cm2/(V ∙ s). 

Using Einstein’s relation, we also obtain 𝐷𝑛 = 40 cm2/s and 𝐷𝑝 = 10 cm2/s. 

 

b. Assume that we use a 300 m-thick n-type wafer (𝑁𝐷 = 1015 cm−3), uniformly contacted on the top 

and bottom. If we apply a voltage difference of 1 V to the contacts, what is the drift velocity and drift 

current density associated with the resulting motion of electrons?  

𝜎 ≈ 𝜎𝑛 = 𝑛𝑞𝜇𝑛 = (1015 cm−3)(1.602 × 10−19 C)(1600 cm2/(V ∙ s)) = 0.256 S/cm 

𝑣𝑛 = 𝜇𝑛ℇ = (1600 cm2/(V ∙ s)) ∗ (1 V)/(3 × 10−2 cm) = 53,333 cm/s 

𝐽𝑛 = 𝜎ℇ = (0.256 S/cm) ∗  (1 V) / (3 × 10−2 cm)  =  8.544 A/cm2 

 

c. What concentration gradient would be needed to cancel out this drift current? Is this value 

reasonable? Justify your answer.  

Now 𝐽𝑛 = 0, so 𝑞𝐷𝑛
𝑑𝑛

𝑑𝑥
= −8.544 A/cm2, which yields 

𝑑𝑛

𝑑𝑥
= −1.333 × 1018cm−3/cm. Integrated 

from the top to the bottom, this amounts to ∆𝑛 = 4 × 1016cm−3. This is not extremely 

reasonable, since it requires a change in carrier concentration significantly greater than the 

level of doping. Thus, it is unlikely that current could be entirely prevented from flowing. 
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Part III (Free Response, 30 points) 

A p-type doped single-crystal wafer of silicon is in equilibrium at an elevated temperature (𝑇 = 700 K). 

The dopants are fully ionized, such that 𝑁𝐴 = 1016 cm−3, and 𝑁𝐷 = 0. At this temperature, the bandgap 

of silicon is 0.99 eV. 

a. For this sample, find the conduction and valence band effective densities of state.  

NC(700 K)= NC(300 K) ×(700) 3/2/(300)3/2=1.18 × 1020 cm−3 

NV(700 K)= NV(300 K) ×(700) 3/2/(300)3/2=6.52 × 1019 cm−3 

or 

𝑁𝐶 =
1

4
(

2𝑚𝑛
∗ 𝑘𝑇

𝜋ℏ2 )
3/2

; 𝑁𝑉 =
1

4
(

2𝑚𝑝
∗ 𝑘𝑇

𝜋ℏ2 )
3/2

 

𝑁𝐶=1.016 × 1020 cm−3; 𝑁𝑉=1.10 × 1020 cm−3 

 

b. What is the electron concentration 𝑛 (in units of cm-3)? 

Intrinsic carrier concentration 𝑛𝑖 = √𝑁𝐶𝑁𝑉𝑒−𝐸𝑔/2𝑘𝑇 

ni = √1.18 × 1020  × 6.52 × 1019 exp [−
0.99

2×8.625×10−5×700
]  cm−3 = 1.8 × 1016  cm−3 or 2.41×

1016  cm−3 or 2.88× 1016  cm−3 

Space charge neutrality: 𝑝 − 𝑛 + 𝑁𝐷
+ − 𝑁𝐴

− = 0 

𝑛𝑖
2

𝑛
− 𝑛 − 𝑁𝐴

− = 0 

𝑛𝑖
2 − 𝑛2 − 𝑁𝐴

−𝑛 = 0 

Solving the quadratic equation yields 𝑛 = 1.36 × 1016  cm−3 or 1.96× 1016  cm−3 or 2.42×

1016  cm−3 

c. Calculate the Fermi level position with respect to the intrinsic level, defined as 𝐸𝐹 − 𝐸𝑖. 

𝑛 = 𝑛𝑖𝑒(𝐸𝐹−𝐸𝑖)/𝑘𝑇 

𝐸𝐹 − 𝐸𝑖 = 𝑘𝑇 ln
𝑛

𝑛𝑖
= 8.625 × 10−5 × 700 × ln

1.36 × 1016

1.8 × 1016  

= −0.016 eV or −0.01 eVs 
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Physical Constants Silicon parameters (𝑻 = 𝟑𝟎𝟎 K) 

ℏ = 1.055 × 10−34 J∙s 𝑁𝐶 = 3.23 × 1019 cm−3 
𝑚0 = 9.109 × 10−31 kg 𝑁𝑉 = 1.83 × 1019 cm−3 
𝑘 = 1.38 × 10−23 J/K 𝑛𝑖 = 1.1 × 1010 cm−3 
𝑞 = 1.602 × 10−19 C 𝐾𝑠 = 11.8 

𝜖0 = 8.854 × 10−12 F/m 𝑚𝑛
∗ = 1.09𝑚𝑜 

𝑐 = 2.998 × 1010 cm/s 𝑚𝑝
∗ = 1.15𝑚𝑜 

 

Miller Indices: (hkl) {hkl} [hkl] <hkl>  Density of states 𝑔𝐶(𝐸) =
(𝑚𝑛

∗ )3/2√2(𝐸−𝐸𝐶)

𝜋2ℏ3   

Fermi function  𝑓(𝐸) =
1

1+𝑒(𝐸−𝐸𝐹)/𝑘𝑇  Intrinsic carrier concentration 𝑛𝑖 = √𝑁𝐶𝑁𝑉𝑒−𝐸𝑔/2𝑘𝑇 

Equilibrium carrier densities: 𝑁𝐶 =
1

4
(

2𝑚𝑛
∗ 𝑘𝑇

𝜋ℏ2 )
3/2

  𝑁𝑉 =
1

4
(

2𝑚𝑝
∗ 𝑘𝑇

𝜋ℏ2 )
3/2

 

𝑛 = 𝑁𝐶𝑒(𝐸𝐹−𝐸𝐶)/𝑘𝑇 = 𝑛𝑖𝑒(𝐸𝐹−𝐸𝑖)/𝑘𝑇    𝑝 = 𝑁𝑉𝑒(𝐸𝑉−𝐸𝐹)/𝑘𝑇 = 𝑛𝑖𝑒(𝐸𝑖−𝐸𝐹)/𝑘𝑇 

Space charge neutrality: 𝑝 − 𝑛 + 𝑁𝐷
+ − 𝑁𝐴

− = 0  Law of Mass Action: 𝑛𝑝 = 𝑛𝑖
2 

Conductivity/resistivity: 𝜎 = 𝜎𝑛 + 𝜎𝑝 = 𝑞(𝑛𝜇𝑛 + 𝑝𝜇𝑝) = 1/𝜌 

Drift-diffusion current equations: 𝐽𝑛 = 𝑛𝑞𝜇𝑛ℇ𝑥 + 𝑞𝐷𝑛
𝑑𝑛

𝑑𝑥
 

𝐷𝑛

𝜇𝑛
=

𝑘𝑇

𝑞
 

        𝐽𝑝 = 𝑝𝑞𝜇𝑝ℇ𝑥 − 𝑞𝐷𝑝
𝑑𝑝

𝑑𝑥
 

𝐷𝑝

𝜇𝑝
=

𝑘𝑇

𝑞
 

Carrier conservation equations:    
𝜕𝑛

𝜕𝑡
= +∇ ∙ (

𝐽𝑛

𝑞
) + 𝐺𝑛 − 𝑅𝑛 

     
𝜕𝑝

𝜕𝑡
= −∇ ∙ (

𝐽𝑝

𝑞
) + 𝐺𝑝 − 𝑅𝑝 

Poisson’s equation:    ∇ ∙ (𝜖ℇ) = 𝜌 


