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Problem 1
A silicon PNP BJT with NaE = 5E18 cm-3, NdB = 1E17cm-3, NaC=1E15 cm-3, and WB=3um is at equilibrium at room temperature. 
(a) Sketch the energy band diagram for the device, properly positioning the Fermi level in the three regions.
(b)  Setting V=0 in the emitter region, sketch (i) the electrostatic potential (ii) the electric field, and (iii) the charge density as a function of position inside the BJT
(c) Calculate the net built-in potential between the collector and the emitter. 
(d) Determine the quasi-neutral region width of the base.  Bias voltages of VEB=0.6V and      

      VCB= -2V are now applied to the BJT.
(e) Sketch the energy band diagram for the device, properly positioning the Fermi level in the three regions.

Problem 2

Derive Eq. (8.4.4) from the definitions of βF (Eq. 8.4.1) and αF (Eq 8.4.2)
Problem 3
Consider a conventional NPN BJT with uniform doping.  The base-emitter junction is forward-biased and the base collector junction is reverse-biased.

(a)  Qualitatively sketch the energy band diagram

(b)  Sketch the minority carrier concentrations in the base, emitter, and collector regions.

(c)  List all the causes contributing to the base and collector currents.  
Problem 4
The emitter, base, and collector of an NPN transistor have doping concentrations of 1E19, 1E17, 1E15 cm-3, respectively.  WE=0.8um, WB=0.5 um, and WC=2.2um.  Assume exp(qVBE/kT) = 1010 and the base-collector junction is reverse–biased.  Use the short-base diode approximation throughout
(a) Find and plot the electron current density, Jn(x), and hole current density , Jp(x), in each regions.

(b) What are γE and βF (assume LB=10um)?  (Jp in the base is rather meaningless since it is really three-dimensional)                  
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