UNIVERSITY OF CALIFORNIA

College of Engineering
Department of Electrical Engineering and Computer Sciences

EE 130/230M
Prof. Liu and Dr. Xu
Spring 2013

Homework Assignment #5
Due at the beginning of class on Thursday, 2/28/13

Problem 1: pn Junction Electrostatics

Consider a silicon pn step junction with NA = 1×1018 cm-3 and ND = 1×1017 cm-3, maintained at T = 300K. 

a) Calculate the built-in potential (Vbi), the depletion layer width (W), and maximum electric field (E(0)) for zero bias (i.e. under thermal equilibrium conditions).
b) Sketch the energy band diagram, charge density distribution, electric field distribution, and potential distribution as a function of position x for both zero bias and 1V reverse bias.  Indicate how the values for Vbi, W, and E(0) change with reverse bias. 
Problem 2: p-i-n Diode  

A p-i-n diode is a semiconductor diode with a wide, lightly doped intrinsic region between a p-type region and an n-type region.  P-i-n diodes are used as fast switches, photodetectors, and for high-voltage power electronics applications.  Consider a silicon p-i-n diode with a doping profile as shown below.  Assume T = 300K.
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a) Applying the depletion approximation (i.e. assuming that the electron and hole concentrations are zero within the depletion region), sketch the charge density distribution, electric field distribution, and potential distribution as a function of position x, for zero bias.
b) Find the built-in potential, Vbi, and the lengths of the depletion regions in the n-type region and the p-type region.
c) How does the maximum electric field in this p-i-n diode compare to that for a pn diode which contains no intrinsic region but has the same dopant concentrations in the n-type and p-type regions (i.e. as in Problem 1)?
d) How does the small-signal capacitance of the p-i-n diode compare to that of a pn diode which contains no intrinsic region but has the same dopant concentrations in the n-type and p-type regions (i.e. as in Problem 1)?

Problem 3: pn Junction Diode Current Components
Consider a silicon pn step junction diode with NA = 1×1018 cm-3 and ND = 1×1017 cm-3, maintained at T = 300K.  The minority carrier lifetimes in the p-side and n-side are τn=10-8 s and τp=10-7 s, respectively.

a) Calculate the minority carrier densities at the edges of the depletion region when the applied voltage (VA) is 0.6 V.

b) Sketch the electron and hole current density components as a function of distance on both sides of the junction, for the applied bias voltage of part (a).

c) Calculate the location of the plane (i.e. value of x) at which the electron and hole current densities are equal in magnitude, for the applied voltage of part (a).
Problem 4: Comparison of Schottky Diode and pn Junction Diode I-V Characteristics
a) Calculate the reverse-bias current for a Schottky contact between nickel silicide (Bn = 0.65 eV) and n-type Si (ND = 1×1017 cm-3), of area A = 1 mm2, maintained at T = 300K:
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Calculate the reverse-bias current for a p+n diode with ND = 1×1017 cm-3 and minority carrier lifetime τp=10-7 s on the n side, of area A = 1 mm2, maintained at T = 300K:
c) Qualitatively sketch the I-V curve for the Schottky diode and the pn diode on the same plot.  
d) Compare the forward bias voltages for each diode at a forward current of 1 A.
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