ECE/UConn


ECE 5212
 Problem Set 1  

F. Jain  08/30/2016


Review set: Wave equation, p-n junctions and semiconductors

Due 9/06/16
Q. 1(a) Show wave equation in a three-slab waveguide. 

 [Notes pp. 28-30]
HINT: use Maxwell equations--
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(b) What do you understand by TE and TM modes of a rectangular waveguide? 

(be brief, 2-3 lines each) What are the boundary conditions for the middle waveguide layer for TE and TM modes? 
(c) Identify the waveguide layer in the laser device shown above..
(d) How many photons are there in 1mW laser light emitted from GaAs laser shown above. Given lasing wavelength to be 0.84 microns.
Q.2. For a p-n Si junction under equilibrium at 300K with acceptor concentration NA =1020 cm-3 on the p-side and ND=1017 cm-3 on the n-side (assume all acceptors and donors ionized). Given: Na = 1020 cm-3, Nd =1017 cm-3, ni =1.5 x 1010 cm-3, r=11.8, o= 8.854x10-14 F/cm. T =300°K.  
Q 2(a) Plot the hole and electron concentrations in the p+, n regions, 
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HINT: In p-Si,  ppo x npo = ni2 and NA~ ppo, and npo = ni2/ ppo ;  in n-Si ND~ nno and pno = ni2/ nno
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Fig. 2 Schematic of a P+-N junction under equilibrium. 
Q2. (b) Calculate the built-in voltage Vbi and the junction width W with no bias for the p-n junction. 
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Page 32 PowerPoint L1, page 32
(c) Find xpo and xno using W = xpo + xno, and q A xpo * Na =  q A xno * Nd. (Two equations and two unknowns). Here, A is the cross-sectional area of the p-n junction

(d) Sketch the electron and hole concentrations in regions outside of the junction for a forward biased p-n junction at 0.6V.  Show pp, pe, pno, nn, ne, and np0 on your plot like Fig .2. 

Constants and parameters:  In Si: electron effective mass mn = 0.26 mo, and effective hole mass   mp = 0.5 mo. mo is the electron’s rest mass.  See tables for Planck’s constant, Boltzmann’s constant k (in eV/Kelvin or Joules/Kelvin), magnitude of electron charge q, free space permittivity dielectric constant sr for Si.   Use consistent units.

Q.3 (a) Point the differences between direct (B) and indirect energy gap (A) semiconductors of Fig. 3.
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Fig. 3.  E-k diagram of an indirect and a direct energy gap semiconductor.

Q 3(b) why energy gap occurs in a semiconductor when atoms are periodically arranged in a lattice. 

Q. 3(c) Name various lattices. 

Q.3(d) Select Si lattice: 


Diamond

hexagonally closed packed

face centered cubic

Q.4. (a) Qualitatively explain the mechanism of photon emission in the structures of Figs 4(A) and 4(B) showing an n-p GaAs homojunction and a nAlGaAs-pGaAs-pAlGaAs double heterojunction, respectively. 

(b) For a given electron current, say 10mA, how many photons are generated in the p-region? 

(c) If the rate of stimulated emission (coherent emission) is proportional to the photon density, why the double heterostructure laser results in lower operational current than the homojunctions.
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Q. 5.  The waveguide layer shown in Fig. 5 is sandwiched between two cladding layers.  

(a) What is the value of the angle of incident i at which the angle of refraction in the cladding layer becomes 90 degrees?  (This angle is defined as the critical angle c.  Light incident at greater than c is totally internally reflected)

(b) Show that the light is guided in the middle layer (waveguide layer).  HINT: Use Snell's law and ray optics.

(c) Derive the wave equation (Eq. 1, page 28) using Maxwell equations. 

.


Fig. 4. Three slab dielectric waveguide.

Q.6(a) What do you understand from Si nanophotonics. Draw a waveguide structure on silicon on insulator substrate. 
(b) What is a photonic crystal and how a waveguide is realized in a photonic crystal (PC). 
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Fig. 4. Comparison of transverse lasing intensity distribution in: (A) n-p GaAs homojunction and (B) n-p double heterojunction.  Note the mode confinement and increased laser intensity for the same injection current.
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Fig. 1 AlGaAs-GaAs DH laser structure. The top contact is in the form of a stripe to confine the photon emission form a spot.
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