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Semiconductors
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This problem concerns a bar of p-type silicon, NA= 10

17 cm-3, irradiated on its 

left end with a uniform electron beam having an electron flux of 1019 cm-2s-1

illustrated below.As shown, the sample is 100 µm long and has an ohmic contact 

on its right end; this contact is connected to the electron source to complete the on its right end; this contact is connected to the electron source to complete the 

circuit as indicated. In this sample the hole mobility, µh, is 600 cm
2/V-s; the 

electron mobility, µe, is 1600 cm
2/V-s; the electron diffusion length, Le, is 10 µm; 

and the intrinsic carrier concentration at room temperature, ni, is 10
10 cm-3. 



Semiconductors

a) What is the electron current density just inside the bar at the left end, i.e. 

what is Je(0
+)? Show your work and/or explain your answer. 

b) Write a formula for n'(x) in terms of n'(0) and then determine the value of 

n'(0). 

c) Write an expression for the electron current density, Je(x), valid for 0 < x < 

100 µm. 

d) Write an expression for the hole current density, Jh(x), valid for 0 < x < 100 

5.

cont

d) Write an expression for the hole current density, Jh(x), valid for 0 < x < 100 

µm. 

e) Write an expression for the electric field, Ex(x), valid for 0 < x < 100 µm. 

f) What is the voltage drop from end to end in this sample? Note: this is the 

same as the change in electrostatic potential between x = 0 and 100 µm.

GE�ERAL �OTE: In case you are concerned, the electron beam hitting the left

end of the bar behaves like an injecting contact. The injected electrons do

not have sufficient energy to generate more hole-electron pairs; also, no

holes can leave the left end of the bar.



Junction Diodes
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Junction Diodes
9. The p- and n-sides of the silicon p-n diode shown below are each 2 µm wide. The 

depletion regions on either side of the junction are both much narrower than this 

and their widths can be neglected relative to 2 µm; Lmin >> 2 µm. The n-side has a 

net donor concentration, NDn, of 10 
16 cm-3. The hole and electron mobilities, µh

and µe, are 600 cm
2/V-s and 1600 cm2/V-s, respectively, throughout the device 

(ignore any dependence of the mobilities on doping level). The cross-sectional 

area of the diode is 10-4 cm2. 



Junction Diodes
9.
cont

a)When the bias voltage, VAB, is 0.48 V, what are the following quantities?

i.Total hole population at the contact on the right end of the device, wn.

ii.Total hole population at the edge of the depletion region on the n-side, xn.

iii.Excess hole charge stored in the quasi neutral region, QNR, on the n-

side of the diode, qQNR,n-side.

iv.The net hole current density crossing the junction, Jh(0).

b)You are not told explicitly the doping level of the p-side of this diode, NAp,

but you are told that the total minority carrier (electron) population at the edge

of the depletion region on the p-side, n(-x ) is one tenth that of the totalof the depletion region on the p-side, n(-xp) is one tenth that of the total

minority carrier (hole) population at xn, p(xn), when the applied voltage, VAB, is

0.48 V.

i.What must the net acceptor concentration on the p-side, NAp, be?

ii.What is the magnitude of the ratio of the excess electron charge, qQNR,p-

side, stored on the p-side of this diode to the excess hole charge, qQNR, n-side,

stored on the n-side at this bias?

iii.What is the ratio of the net electron current density crossing the junction,

Je(0), to the net hole current density, Jh(0), at this bias point?

iv.What is the total potential step going from the quasi-neutral region on

the p-side to the quasi-neutral region on the n-side of the biased junction?


