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SECTION A: SEMICONDUCTOR DEVICES - ANSWERS 

 

1. a) 

 [4] 

 b).VH>0V, Hall voltage is positive. Due to the applied voltage V, the majority positive charges 

carrier holes flow from right to left (in same direction as conventional current). Due to the 

direction of the magnetic field B they are deflected to the top of the sample, charging it 

positively, thus an electric field occurs pointing from top to bottom and thus the positive voltage 

is from bottom to top of the sample. With the given ground node this means that VH is positive.[4] 

  
c) 

 The Fermi level defines the position in energy where the probability of finding an 

electron is equal to 1/2. [2] 

 

d) 
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i.                                             ii.                                         iii. [6] 

Note that all relative distance in energy need to be correct for these answers to be correct. 

 

e)  Acceleration of electrons under an electric field qE
dt

dv
m =   is compensated 

by a deceleration caused by scattering processes: 
τ

v

dt

dv −
=  

 as a consequence the average velocity of the electron remains constant. [4] 

 

f) L [2] 

 

g) The reverse bias current in a pn diode is due to the concentration of minority carriers 

available at each side of the junction that can be injected across the junction in reverse 

bias. Since this number is small (minority carriers) this limits the current that can flow 

rather than the applied voltage. As the number is small the current is small. [4] 

 

h) pMOS.  [4] 

  
i)  

 
 In active mode the emitter-base junction is forward biased and injects carriers (mainly 

holes in pnp BJT) into the base. The base-collector junction is reverse biased and thus 

collects the minority carriers (holes) that are injected in to the base. [4] 
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2.  

 [5] 

b) Charge neutrality:  AweNAweN pAnD =  [5] 

with:  e charge of 1 electron 

 A cross sectional area of the diode 

 ND: donor doping concentration 

 NA: acceptor doping concentration 

 wn: depletion region extending in the n-doped region 

 wp: depletion region extending in the p-doped region 

since AD NN >> , pn ww <<  

 

b) From formulae sheet: [10] 
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Approximations that one can make are: 

1) since ND>>NA the diode current will be approximately equal to the electron current 

In thus 
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2) since forward bias the “-1” term with the exponential is negligible thus 
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Replacing the minority carrier concentration by its expression as a function of doping 

density: 
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d) Current gain 
B

C

I

I
=β by definition, with IC collector current and IB base current. 

In an n
+
pn BJT the electrons are the carriers collected by the collector. Thus IC is the 

electron current of the emitter-base forward biased junction. IB is equal to the hole 

current that is escaping from the base into the emitter. 

Thus using the pn junction diffusion current definition in the formulae sheet: 
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If the lengths of the emitter and the base are different from the diffusion lengths, then Ln 

(= diffusion length of the electrons in the p-type region = base) becomes Wb (base 

width) and Lp (=diffusion length of the holes in the n-type region = emitter) becomes xe 

and thus the gain formulae should be rephrased as: 

BAp

eDn

WND

xND
=β  

e) For a higher current gain. [2] 
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3.  

a) The threshold voltage is the voltage that needs to be applied on the gate in order to 

invert the channel. The definition of inversion is that the number of free carriers in the 

inverted channel must be the same as the number of free carriers in the bulk. If the 

number of free carriers in the bulk is increased by increasing the doping concentration 

of the substrate then a larger amount of free carriers must be generated in the channel. 

Thus a higher gate voltage will be to be applied to do this, thus the threshold voltage 

increases. (Note: threshold voltage of an n-type enhancement mode MOSFET is 

positive) [4] 

 

b)  i) The threshold voltage can be derived from the C-V characteristic when depletion is reached. 

Full depletion is reached when the capacitance is minimum. Thus Vth=1V.                                                                                                    

[4] 

ii) The measurement is done in the triode region (low VDS, current linear). [2] 

iii) From the capacitance-voltage characteristics we can derive the oxide capacitance: 
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 The current IDS in the triode region is given by: 

 ( ) DSthGS

ox

DS VVV
L

WC
I −=

µ
 

At VDS=0.5V and VGS=2V we estimate the current IDS≈5 10
-5

 A [5] 
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 c) 

 

 


