
Problem set 5
Due : 4th April 2013

1.
(a) A Si p+-n junction 10-2 cm2 in area has Nd = 1017 cm-3 doping on the n side Calculate the junction
capacitance with a reverse bias of 10 V.
(b) An abrupt p+-n junction is formed in Si with a donor doping of Nd = 1012 cm-3.What is the depletion
region thickness W just prior to avalanche breakdown?

2. Using Eqs. (5-17) and (5-23), show that the peak electric field in the transition region is controlled by
the doping on the more lightly doped side of the junction.

3. Assume that the doping concentration Nd on the p side of an abrupt junction is the same as Nd on the n
side. Each side is many diffusion lengths long. Find the expression for the hole current Ip in the p-type
material.

4. A Si p-n junction with cross-sectional area A = 1 cm2 is formed with Na = 1015 cm-3 , Nd = 1019 cm-3 .
Calculate:
(a) Contact potential, V0

(b) Space-charge width at equilibrium (zero bias).
(c) Current with a forward bias of 0.2 V. Assume that the current is diffusion dominated. Assume µn =
1500 cm2/V-s, µn = 450 cm2 /V-s, n = p = 2.5 ms.
Which carries most of the current, electrons or holes, and why? If you wanted to double the electron
current, what should you do?

5. A Si n+ - p junction has an area of 5 x 5 micrometer. Calculate the total junction capacitance associated
with this junction at an applied reverse bias of 2 V. Assume that the n+ region is doped 1019 cm-3 and the
p doping is 1017 cm-3. If we forward bias this junction 0.5 V, what is the electric field far from the
junction on the p side,asuming a hole mobility of 250 cm2/V-s, an electron mobility of 100 cm2/V-s, and
a reverse saturation current density of 1 nA/cm2 for this ideal diode.

6. We make a Si bar with a p-type doping of 1015 cm-3 on the left half and a p-type doping of 1020 cm-3

on the right side. Sketch the equilibrium band diagram, with precise values marked off, far from the
doping transition at 600 K when the intrinsic carrier concentration is 1016 cm-3. (Note: This is p type on
both sides. Such a junction is known as a high-low junction rather than a p-n junction. Observe that the
doping level is comparable to ni, on the left side! Do not worry about the exact details right near the
doping transition!)



7. We assumed in Section 5.2.3 that carriers are excluded within W and that the Semiconductor is neutral
outside W. This is known as the depletion approximation. Obviously, such a sharp transition is
unrealistic. In fact, the space charge varies over a distance of several Debye lengths, given by= on the n side.

Calculate the Debye length on the n side for Si junctions having Na = 1017 cm-3 on the p side and Nd =
1012 , 1017 and 1019cm-3, on the n side and compare with the size of W in each case.

8. A long p+-n diode is forward biased with a current I flowing in it. The current is suddenly tripled at t =
0.
(a) What is the slope of the hole distribution at xn = 0 just after the current is tripled?
(b) Assuming that the voltage is always >>kT/q, relate the final junction voltage (at t = ∞) to the initial
voltage (before t = 0)

9. The diode of Fig. 5-23c is used in a simple half-wave rectifier circuit in which the diode is placed in
series with a load resistor. Assume that the diode offset voltage E0 is 0.4 V and that R = dv/di = 150
ohms. For a load resistor of 20 kilo-ohms and a sinusoidal input of 2 sin , sketch the output voltage
(across the load resistor) over two cycles.

10. We deposit a metal with a work function of 4.3 e V on Si (electron affinity of 4 eV) and acceptor
doping level of 10 cm. Draw the equilibrium band diagram and mark off the Fermi level, the band edges,
and the vacuum level. Is this a Schottky or ohmic contact, and why? By how much should the metal
work function be altered to change the type of contact? Explain with reference to the band diagram.

11. A Schottky barrier is formed between a metal having a work function of 4.3 eV and p-type Si
(electron affinity = 4 eV).The acceptor doping in the Si is Na = 1020 cm-3 .
(a) Draw the equilibrium band diagram, showing a numerical value for qV0.
(b) Draw the band diagram with 0.3 V forward bias. Repeat for 2 V reverse bias.

12. Assume that a p-n junction is built with a graded n region in which the doping is described by Nd(x)
= Gxm.The depletion region (W = xn0) extends from essentially the junction at x = 0 to a point W within
the n region. The singularity at x = 0 for negative m can be neglected.
(a) Integrate Gauss's law across the depletion region to obtain the maximum value of the electric field= − ( )/ ( + 1)
(b) Find the expression for (x), and use the result to obtain V0 – V = ( )/ ( + 2)
(c) Find the charge Q due to ionized donors in the depletion region; write Q explicitly in terms of (V0 -
V).
(d) Using the results of (c), take the derivative dQ/d(V0 - V) to show that the capacitance is

= ( )( )( ) ( )


