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ELG6380 Theory of 

Semiconductor Devices 
 

Assignment 2 Solutions 

Due: 16 February 2017 

 

From Pierret, 2nd ed., Advanced Semiconductor Fundamentals 

 

3.4 A certain hypothetical material with cubic crystal symmetry is characterized by the E-

k plot sketched in Fig. P3.4. 

(a) Which set of holes, band A holes or band B holes, will exhibit the greater [100]-

direction (mxx) effective mass? Explain. 

(b) Sketch the expected form of the valence-band constant-energy surfaces for the 

represented cubic material. Assume that the E-k relationship is parabolic (i.e., an 

ellipsoid of revolution).  

 

 
 

3.7 (a) The E-k relationship about the GaAs conduction-band minimum becomes non-

parabolic at energies only slightly removed from Ec and is more accurately 

described by 

 2 4 0, 0cE E ak bk a b      

What effect will the cited fact have on the effective mass of electrons in the GaAs 

conduction band? Substantiate your conclusion. (Is your answer here in 

agreement with the Table 3.1 footnote?) 

(b) Electrons in GaAs can transfer from the   minimum to the L minima at 

sufficiently high electric fields. If electrons were to transfer from the   minimum 

to the L minimum shown in Fig. 3.13(d) of the notes/text, would their effective 

mass increase or decrease? Explain. (The constant-energy surfaces about the L 

minima are actually ellipsoidal, but for simplicity assume the surfaces to be 

spherical in answering this question.) 



  Page 2 of 15 
 

3.8 Like GaAs, GaP crystallizes in the zincblende lattice and the valence band maxima 

occur at the  - point in the first Brillouin zone. Unlike GaAs, the conduction band 

minima in GaP occur at the X-points in the Brillouin zone. 

(a) Where are the X-points located in k-space? 

(b) Is GaP a direct or indirect material? Explain. 

(c) Given that the constant energy surfaces at the X-points are ellipsoidal with 
*

0 1.12lm m   and *

0 0.22tm m  , what is the ratio of the longitudinal length to 

the maximum transverse width of the surfaces? 

(d) Picturing only that portion of the constant energy surfaces within the first 

Brillouin zone, construct a constant-energy surface diagram characterizing the 

conduction-band structure in GaP. 

 

4.11. Six different silicon samples maintained at 300 K are characterized by the energy 

band diagrams given in the figure below. Answer the following questions for ANY 

THREE of the diagrams: 

(a) Sketch the electrostatic potential V as a function of x. 

(b) Sketch the electric field E  inside the semiconductor as a function of x. 

(c) The carrier pictured on the diagram moves back and forth without changing its 

total energy. Sketch the kinetic energy and potential energy of the carrier as a 

function of position inside the semi-conductor. Let EF be the energy reference 

level. 

(d) Roughly sketch n and p versus x. 

(e) Is the semiconductor degenerate at any point? If so, where? 
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4.6. In Si, where *

0 0.537hhm m  , *

0 0.153lhm m  , what fraction of the holes are 

heavy holes? Assume that the 4 K effective masses can be used at any temperature. 

 

4.20. In InSb at 300 K, EG = 0.18 eV (the smallest band gap of all semiconductor 

compounds), *

0 0.0116nm m  , 
*

0 0.40pm m   and 161.6 10in   /cm3. 

(a) Would you expect the intrinsic Fermi energy (Ei) in InSb to lie closer to Ec or Ev? 

Present a qualitative argument that supports your answer – the text relationship 

for Ei is NOT to be used. 

(b) Assuming nondegenerate statistics, determine the positioning of Ei in the InSb 

band gap at 300 K. 

(c) Draw a dimensioned energy band diagram showing the positioning of Ei 

determined in part (b). (Numerical values for relevant energy differences are 

noted on a "dimensioned" diagram.) Do you see anything wrong with the part (b) 

result? Explain. 

(d) If something is wrong with the part (b) result, determine the correct positioning of 

Ei in the InSb band gap. 

(e) Given an InSb sample doped with 1014/cm3 donors, what is the approximate 

positioning of EF in the sample at 300 K? Please note how you deduced your 

answer. 
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(4.11) 
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(4.6) 
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(4.20) 
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