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1. Calculate the temperature dependence of the surface charge (QS) per unit area in 

the p-type silicon sample doped at 1015 cm-3 for the surface potential ϕ ϕs F=  and 
ϕ ϕs F= 2  in the temperature range between 150 K and 450 K, where the bulk po-

tential is ϕF B A ik T q N n= / ln( / )b g .  For the effective densities of states in the 
conduction and valence bands use: 

N T cmC = × −322 10 30019 3 2 3. /
/b g , and  

N T cmV = × −183 10 30019 3 2 3. /
/b g . 

The energy gap of Si is E eVg = 112.  , and the dielectric permittivity of the semi-

conductor is k F msε0
10105 10= × −. / . 

2. Using SCHRED, plot the conduction band profile, electron density and total 
charge density in a MOS capacitor with NA=5×1017 cm-3 and dox=3 nm. For the 
applied voltage, use VG=0.5 V and VG=1.0 V.  Assume classical charge distribu-
tion, Maxwell-Boltzmann statistics and metal gates.  The temperature equals 
T=300 K.  From the graph or the numerical data estimate the magnitude of the 
surface potential and use this result to calculate the depth of the depletion regions.  
How do the values calculated for the two gate voltages compare to what the plots 
for the conduction band profile or the total charge density give.  For the semicon-
ductor dielectric constant use k F msε0

10105 10= × −. / . 

3. For the MOS capacitor from problem #2, calculate: 
(a) Low-frequency CV curves using the analytical model for the gate voltage 

range from -4 to 5 V.  For the relative permittivity of silicon and SiO2 use 11.8 
and 3.9, respectively. 

(b) Repeat part (a), but in this case use SCHRED to calculate the low-frequency 
CV-curves.  Consider the following two cases: (1) semiclassical charge distri-
bution and Maxwell-Boltzmann statistics, and (2) semiclassical charge distri-
bution and Fermi-Dirac statistics.  Overlay the results from part (b) with those 
obtained in part (a).  Explain the origin of the shift of the low-frequency CV 
curves along the gate-voltage axis.  Is there any discrepancy between the re-
sults for the low-frequency capacitance obtained with SCHRED for case (1) 
and case (2) in strong inversion condition? 

(c) Repeat part (b) - SCHRED calculation only, but in this case for the doping in 
the p-type semiconductor use NA=5×1018 cm-3.  Estimate the discrepancy in 



the low-frequency capacitance value in strong inversion when using Fermi-
Dirac or Maxwell-Boltzmann statistics. 

4. Charge density of 24 10 7. × −  Coulombs/cm2 is uniformly distributed in the oxide 
in a MOSFET structure.  The oxide thickness is dox=150 nm. 
(a) Calculate the contribution to the threshold voltage from these oxide 

charges. 
(b) Calculate for the case when all the charges are located at the silicon-

silicon dioxide interface. 
(c) Calculate for the linear charge distribution within the oxide (zero charge 

density at the Si-SiO2 interface, maximum charge density at the metal-SiO2 
interface). 


