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ECE 659 Spring '09 

HW#2, Due Wednesday February 11, 2009 in class 

 

 

f (E) = 1/(1+ exp((E − µ) /kT))

Weeks 1-3: Semiclassical Transport, Summary 
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Hall voltage (in x-direction): 
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 Lundstrom, Fundamentals of Carrier Transport, Cambridge (2000). 
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Scattering Theory of Transport:  
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 Two-probe conductance, 
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, C ≡ [C][MB ], D ≡ [D][MA] 
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HW#2, Due Wednesday February 11, 2009 in class 
1. Consider a four-probe structure as shown below with 

 

L = L1 + L2 + L3 and assume that 

the voltage probes 3 and 4 are non-invasive. What is the ratio 

 

R4 pt

R2 pt
=

µ3 − µ4

µ1 − µ2

, (a) if the 

voltage probes float to the local average electrochemical potential, 

 

(µ+ + µ−) /2? (b) if 

probe 3 floats to 

 

µ− and probe 4 floats to 

 

µ+? 
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2. Suppose the four-probe structure in Problem 1 has an S-matrix of the form 
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 with the reflection coefficients 

 

r1,2,3,4  determined by 

the requirement that the first two columns add up to 

 

MA and the last two columns to 

 

MB. 

Probes 1 and 2 represent current probes while 3 and 4 represent voltage probes. 

Note that sum rules require the followings.
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R4 pt = R2 pt
ad − bc

(a + b)(c + d)
 

 

For an example of the use of these results to interpret experiments you could look at Gao 

et al., Phys. Rev. Lett. vol.95, 196802 (2005), see Eq.(3). 
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L = L1 + L2 + L3, show that

 

R2pt

 

≈ L/λ  and 

 

R4 pt

 

≈ L2 /λ  for small 

K. 

(c) Plot numerically the two-terminal resistance 

 

R2 pt  and the four-terminal resistance 

 

R4 pt  

versus log(K), assuming 

 

L1 = 100λ, L2 = 20λ, L3 = 200λ , for 1e-3 < K < 1. 
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3.  Consider a 2-D material like graphene having 
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4. In HW 1, we tried to find an expression for mobility for arbitrary temperature. It is 

simpler to focus on low temperatures for which ( )f
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(3) Density of states per unit area( ( )D E
WL

 ) is given by dn
dE

, see Section 6.2, QTAT 

(Quantum Transport: Atom to Transistor, Cambridge 2005), page 138. 

(b) Show that 2 /zz q n mσ τ=  if m is defined as k
v
  where k  and v  denote the magnitude 

of the corresponding vectors k


 and v

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