ECE/UCONN  ENGR4243/ECE 4243-ECE 6243 HW#1 Review Energy Wells and Barriers
F. Jain  08/30/2016      Due September 6, 2016
Q. 1A. Find the electron and hole energy levels in a Si potential well (Lx=50 Angstrom) with SiO2 barriers confining along the x-axis.  The barriers are 3.4eV (Ec) and 4.6eV (Ev), respectively. These can be treated as infinite for all practical purposes. [see Notes pp. 47-49].
Effective mass:  Electrons me=mn=0.26mo, Holes mh=mp= 0.64 mo, mo =9.11x 10-31 kg. Planck’s constant h= 6.63 x 10-34 J-s.
Q.1(B) What happens to energy levels if the electrons are confined also along the y-axis by similar potential barriers as in part (a) with well width Ly =100A. [See pages 11 and 88 notes].

Q.2A. Draw the energy band diagram showing carrier energy E and momentum wave vector k or momentum hk/(2). If electrons are injected in a p-Si layer, what is the energy of emitted photons? Assume the phonon energy Ephonon is 30 meV and its momentum is (kc –kv)h/(2) and Si band gap is 1.1eV. [Notes page 19]
Q.2B. how many photons will be emitted per second if the electron current is 1mA and the quantum efficiency q in Si is 0.001. HINT: first find the number of electrons carrying 1mA and then multiply with quantum efficiency.
Q.2C. If excess carriers recombine in a Si quantum well, what is the energy of emitted photons.
Q.3A. If you are given the density of states for electrons N(E) in the conduction band and holes in the valence band, how would you find their carrier concentrations?   [See pages 18, 55-58]
Q3B. The density of states N(E) in a thin film around 100 nm thick varies as E1/2, plot them for Si in conduction as well as valence band. (page 12).
Q3C. Do you expect the density of states per unit energy interval to be different in quantum wells (2D freedom and 1 degree of confinement, e.g. for a Si film that is 10nm), quantum wires (1D, 10nm thin and 10 nm wide), and dots (0D, 10nm in each dimension) for a Si or GaAs material system? See Table I on page 2 for density plots as a function of energy.

Q3D. Can the same method be used as for part Q3A to find the carrier concentrations in layers where there is 2D, 1D and 0D freedom of movement?  

Assume an electron or hole concentration in the film to be 1017cm-3 for 3D freedom.  

You can take the example of a GaAs layer (3D) of 100nm  thickness.

For quantum well, a thin 5nm GaAs layer having AlGaAs barrier layers on either side (2D). 

For quantum wires, consider having a GaAs wire (with rectangular cross-section 5nm x 5nm) with each face surrounded by AlGaAs regions (1D).

For quantum boxes, consider GaAs (5nmx 5nm x 5nm) surrounded by AlGaAs (0D).

Q.4A. If a thin SiO2 layer (with Eg= 9.1eV and 3.4eV =Ec) is sandwiched between two n-Si layers (heavily doped), what is the probability that electrons can tunnel from one n-Si side to the other n-Si side with Vf=0V. 
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Fig. 1 page 150

Q4B. Modify the energy band diagram of Fig. 1 when a bias V=1.0V is applied (right side of the barrier is positive). 
Notes page 150. Solve the one-dimensional Schrödinger equation for the barrier. 

Table I Density of States shapes and expressions

	
	3D
	2D Well
	1D Wire
	0-D Box

	Density of States

N(E)
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	Energy Levels
	E= Ec +E

here E is the energy level above the conduction band edge Ec
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Quantized momentum 
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Ehh, Eih are similarly expressed for rectangular Well.

For Parabolic Wells
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Note that each energy level is discrete.  These are represented by delta functions. 


Q.5. (a) Does the absorption coefficient (h) in a semiconductor thin film depends on if it is thin as a quantum well or much thicker than a quantum well?
(b) Does the threshold current density of a semiconductor laser depend on if it’s active layer is a regular heterostructure or quantum well layer. 

(c) what is the absorption coefficient from the expression given below for a quantum wire in a quantum wire laser. Page 115.
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Q.6. Name the significant parameter that can improve the performance of devices listed in Table II when nanostructures are employed. 

HINT: 1). what is the advantage of using quantum wire or quantum dot lasers,

2 )  electro-absorptive or electro-refractive (phase modulators like Mach-Zehnder)  with wires and dots,

3)  Carbon nanotube (CNT) and nanowire FETs.
4) Solar cells with quantum dots based absorbing layers. .
Table II Devices and Nanostructures
	Device
	2-D Confinement (wires/nanotubes)
	3-D Confinement (quantum dots)

	Solar cells
	
	

	Nonvolatile QD gate floating memories
	
	

	Lasers
	
	

	Optical Modulators
	
	

	Sub-12nm FETs
	
	

	CNT FETs
	
	


References: (1) L1 Notes, and (2) 3 References (Deppe et al, Yoshie et al., and IEDM 2002).

HINT: Some specific characteristics to look for:

(a) Modulation characteristics in a Quantum Dot laser (as explained in Reference: Deppe et al., IEEE J.QE 38, pp. 1587, December 2002). Why?

(b) Quality factor Q in nano-cavities fabricated using photonic band gap configurations (Ref: Yoshie et al., Appl. Phys. Lett. 79, pp. 4289, December 2001).

(c) Threshold behavior, temperature dependence of threshold current density. [their significance].

(d) Operating current and voltages speed (what determines it?) in MOSFETs, (Ref. Proc. IEDM 2002). 
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