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Problem 1—“Metal-metal contact” (((111000   ppptttsss))) 
a). The quantum leak, or tunneling through an energy barrier, is responsible.    (((333   ppptttsss))) 
b). Following the discussion in Section 3.5 of the textbook, the probability of tunneling 
through an energy barrier Vo, i.e. the transmission coefficient T is given by 
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Consider V0~2.5eV, E~1eV, a~5nm. We can calculate that 
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and 9 96.3 10 5 10 31.5aα −= × × × = . Since it is much greater than unity, Eqn.(1) is 
reduced to 0 exp( 2 )T T aα= −        (Eqn. 4) 
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i) Consider the same energy barrier V0=2.5eV and the same E=1eV.  
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When a=5nm, 31.5aα = , 273.84 exp( 2 31.5) 1.67 10T −= × − × = × ; 
When a=1nm, 6.3aα = , 53.84 exp( 2 6.3) 1.3 10T −= × − × = × . 
ii) Consider the same energy barrier V0=2.5eV, and width a=5nm.  
When E=1eV, 9 -1=6.3 10 mα × , 0 3.84T = , 273.84 exp( 2 6.3 5) 1.67 10T −= × − × × = × ; 
When E=2eV, 9 -1=3.63 10 mα × , 0 2.56T = , 162.56 exp( 2 3.63 5) 4.4 10T −= × − × × = × . 
We can easily see how important the applied voltage and the thickness of the oxide in this 
phenomenon are.    (((444   ppptttsss))) 
 

Problem 2— “temperature dependence of conductivity” (((111555   ppptttsss)))   
a) Since 2 2 & / / .d i d i i dN n n N p n n n N n⇒ = = =� �  
The conductivity at room temperature T=300K is  
 19 15 6 4 -1 -11.6 10 (10 10 ) (1350 10 ) 21.6Ω md eeNσ µ − −= = × × × × × = (((222   ppptttsss))) 
b) At T=Ti, the intrinsic concentration 15 -310  cmi dn N= = . From Figure 5.16 (page 346), 
the graph ni(T) vs. 1/T, we have o1000 / 1.8 1000 /1.8 556 K or 283 Ci iT T= ⇒ = = . (((222   ppptttsss))) 
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c) The ionization region ends at T=Ts, when all donors have been ionized. At T=Ts, 
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19
0

19
23

15

0.045 1.6 10  54.65
2.8 10ln 1.38 10 ln2 2 10

s
c

d

ET KNk
N

−

−

∆ × ×
∴ = = =

×
× ×

×

. (((333   ppptttsss))) 

Finding the new Nc at this temperature, 

 
*

1 3/ 2 19 1.5 18 -3
2

2 54.652( ) 2.8 10 ( ) 2.179 10 cm
300

e
c

m kN T
h
π

= = × × = × , 

19
1

1 18
23

15

0.045 1.6 10  74.64
2.179 101.38 10 lnln

2 102

s
c

d

ET K
Nk
N

−

−

∆ × ×
∴ = = =

×× ×
×

. (((222   ppptttsss))) 

We can go further. 
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We can conclude that Ts =70.7 K. 
d) Refer to Figures 5.15 and 5.14. (((444   ppptttsss))) 
e) Refer to Figure 5.20. (((222   ppptttsss))) 
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Problem 3—“Schottky & ohmic contact” (((111333   ppptttsss))) 
Since 16 -3 10 -3( 10 cm ) ( 1.45 10 cm )d iN n= = ×� , we have 16 -310 cmdn N= = . 
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a) For a Schottky contact, m nΦ > Φ . Possible metals are Al and Au.    (((222   ppptttsss))) 
b) For an Ohmic contact, m nΦ < Φ . Possible metals are Cs and Li.    (((222   ppptttsss))) 
c) In the case that both B and C are ohmic contacts, the current is not limited by the 
contacts, but by the resistance R of the Si outside the contact region. In other words, 
I=V/R, as shown in Figure HW 5-3c.Moreover, -1 -1216Ω md eeNσ µ= = ,  
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d). In the case that B is ohmic and C is a Schottky junction, the I-V curve is the same as a 

regular Schottky junction. In other words, 0 exp 1eVJ J
kT

⎡ ⎤⎛ ⎞= −⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
, as shown in Figure HW 

5-3d.    (((222   ppptttsss))) 

e). In the case that both B and C are Schottky contacts, 0 exp 1 .eVJ J
kT
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as shown in Figure HW 5-3e.    (((222   ppptttsss)))   
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Figure HW 5-3d  
 

Problem 4—“thermal drift in semiconductor devices” (((111222   ppptttsss))) 
a). In a p-type semiconductor (SC), we can assume that we only have holes as the mobile 
charge carriers. The acceptors are negatively charged. The temperature gradient results in 
the diffusion of holes (instead of electrons) from the hot to cold end. This exposes 
negative acceptors in the hot region (instead of positive charge as in the n-type SC). Thus 
in a p-type semiconductor, the Seebeck effect has the reverse sign, or the polarity of the 
Seebeck voltage is reversed with respect to that for an n-type SC for the same 
temperature gradient. (((333   ppptttsss))) 
b) It is clear that Sn depends on (Ec-EF), as shown in the following table. 
 

Nd (cm-3) (Ec-EF) (eV) Sn(mV/K) 
1014 0.3244 -1.25 
1016 0.2053 -0.86 
1018 0.0862 -0.46 
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(((888   ppptttsss))) 

In a typical semiconductor device such as an IC there will be many junctions between 
differently doped materials. A small local temperature fluctuation can give rise to a 
temperature induced signal of the order of few millivolts. In a dc op amp of large gain 
this will appear as a spurious signal in the output. One design cure is to use two different 
input devices at similar temperatures and use the output signal difference between them. 
(((111   ppptttsss))) 


