ECE 4211 HW#8 LASER-II Design SET 03082017 F. Jain. NAME________

Due date will be announced. It will be submitted as two passes. First pass will be scored and second pass will give chance to improve the score. 


Take Home part I Quiz 2
Q.1. Find the composition of the active layer/barrier layer/cladding layers for the 1.32 micron laser configured as a single mode laser using InGaAsP-InP system and producing 1.5 mW output power. The design of 1.35micron laser is described on pages 398-407 in Notes. 
Given: Use hm = Eg + kT/4 to find Eg of the active layer in a double heterostructure (DH) laser without quantum wells or quantum dots. 

Be quantitative where possible.

(a). Outline all the design steps

(b1). Find the composition of the active layer and cladding layers, and 
(b2) find their doping concentrations. 
Given active layer doping is 1016 cm-3 as shown. 

( c1) Find device dimensions (active layer thickness d, cavity length L and width W) to obtain single transverse mode and single lateral mode operation? 
(c2) Plot schematically the  transverse mode and lateral mode, respectively.
HINT: Active layer thickness d to yield single transverse mode d < m /[2(nr2-nr12)1/2], m=1, 2, 3,

Top contact (stripe) width W for single mode:[W < m /[2(nr,center2-nr,corner 2)1/2], m=1, 2; if you cannot find it use W=5 (m]; Use nr,center –nr, corner ~0.005 in gain guided lasers.
Cavity length L=? (You select L such that it will result in the desired JTH and optical power output).
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Fig. 1 Laser structure (fill in values like L, W, d, doping levels of claddings)
(d)Find the confinement factor
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Or Find the confinement factor ( using 
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(e) Find threshold current density and show that it is under 200 A/cm2; explain if it is not.

(f) Analyze the designed structure and evaluate various parameters such as mode separation  and 
(g). Find the beam divergence in the junction plane 
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and perpendicular to the junction plane 
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(h). Find operating current Iop and voltage Vop required obtaining 1.5 mW laser output power. 
Given: InGaAsP energy band in Fig. 2.  
The index of refraction equation InxGa1-xAsyP1-y is 
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Assume: 
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Given active layer doping is 1016 cm-3 as shown in Q.1..
Internal Quantum efficiency = (q = 0.9

Absorption coefficient (=(Diffraction +(Free carrier +(scattering =20 cm-1
Electron effective masses mn = 0.067mo, heavy hole mass mp = 0.62mo,

Determine the end reflectivity R1, R2. (If you cannot find them, use R1=R2=0.3)

Minority hole lifetime p =5x10-9 sec

Minority electron lifetime n =1x10-8 sec

Hole diffusion coefficient Dp=10 cm2/s
Electron diffusion coefficient Dn=50 cm2/s



Find ni in the active layer from the energy gap of the active layer. 
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Fig. 2 Energy gap as a function of lattice parameter.
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