ECE 440 



Homework III

  


Fall 2009

1.   a) Construct a semi-logarithmic plot for the following experimental results as shown in the table.

	Position (cm)
	Carrier concentration 

(1/cm3)

	1
	1x1015

	1.1
	2x1015

	1.2
	2.5x1015

	1.3
	4x1015

	1.4
	5x1015

	1.5
	6x1015

	1.6
	7.5x1015

	1.7
	8x1015

	1.8
	9x1015

	1.9
	12x1015

	2.0
	2x1016



Plot the results showing the carrier concentration as a function of position from x=1 cm to 2 cm. Repeat a) for a linear plot.

2.  Nanohub:  We will use the following applet for this problem:


https://www.nanohub.org/resources/3963/
The applet explores the effects of doping and temperature on carrier concentration and the energy band diagram of Si.  Please go to and play around with this simulator.  (Note that the first slider under the carrier concentrations vary by orders of magnitude, while the second slider varies between 1 to 10).  Please answer the following questions at room temperature (300K) using the applet unless otherwise stated:

(a) In terms of Ef – Ei  when is the semiconductor intrinsic, p-type, n-type? What is compensation (verify using the applet)? Explain why Ef changes with doping.

(b) Using the applet vary the Temperature from 250 to 500 Kelvin (in steps of 25 Kelvin) to plot the following: (i) ni as a function of temperature. (both in linear and semi-log scale). (ii) ni vs. 1000/T (Reproduce figure 3-17) (iii) Eg vs. T  (linear plot) 

What happens to ni as the temperature is increased above room temperature?  Why does this occur?

(c) Using the applet, explore the temperature at which a semiconductor doped with ND =1x1014 becomes intrinsic? Repeat for ND = 1x1015 and 1x1016 and compare that with the melting temperature of Silicon.   Will you want to operate your semiconductor at such temperature (explain)? 

(d) Plot Ef – Ei as a function of donor concentration varying from 1015 to 1018   cm-3 (use semi-logarithmic scale).

(e) This tool uses the non-degenerate Maxwell-boltzmann distribution function.  Explain what is meant by non-degenerate.  In terms of kT, at what values of |Ec-Ef| does this approximation fail. What doping level does this correspond too at room temperature.

(f) Using the results of section 3.3.2 and 3.3.3 (Streetman), calculate the equilibrium electron and hole concentrations for Si under the conditions of T = 650 K, NA = 0, ND = 1014 cm-3.  (Compare with the applet).

3. 
The electron concentration in a silicon material is 5x102/cm3 at room temperature under equilibrium conditions. (a) What is the hole concentration? (b) Where is EF positioned relative to Ei ? (c) Draw the energy band diagram for the material. Repeat for parts (a), (b) and (c) for the same sample if the temperature is raised to 400 K. Refer to Fig. 3-17 to obtain the intrinsic carrier concentration at 400 K. Also, the band gap energy is reduced to 1.08 eV at 400 K. Compute analaytically.

4.  A compensated germanium sample is doped with 1x1015/cm3 acceptors and 4x1013/cm3 donors. (a) What is the electron and hole concentration respectively at room temperature under equilibrium conditions? Repeat for (b) 1x1014/cm3 acceptors and 4x1013/cm3 donors (c) 4.1x1013/cm3 acceptors and 4x1013/cm3 donors. Determine the percentage of error in each case for the majority carrier concentration if one simply assumes that the majority carrier concentration approximately equals the difference between the densities of donors and acceptors. What can you say about the accuracy of the latter approximation.

