ECE 5212 HW#7 LASER-I Design SET due Tuesday 10252016 F. Jain. 
Q.1. Find the composition of the active layer/barrier layer/cladding layers for the 1.30 micron laser configured as a single mode laser using InGaAsP-InP system and producing 1.0 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

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

Find device dimensions (active layer thickness d, cavity length L and width W) to obtain single transverse mode and single lateral mode operation? Select d and W for single 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)
(Find the confinement factor
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.  is the free space wavelength.
(Find threshold current density and show that it is under 200 A/cm2; explain if it is not.

(c) Analyze the designed structure and evaluate various parameters such as mode separation  and 
(d). Find the beam divergence in the junction plane 
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(e). Find operating current Iop and voltage Vop required obtaining 1.0 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.
Q.2 Design a 1.3micron single mode quantum dot laser emitting 1mW. [a) Find composition of dot, barrier layers, and cladding layer. 

b) Find the index of refraction of active layer (find dot and barrier index and take average).

c) Show d=0.065μm meets the requirement for single transverse mode. Find new W for single lateral mode. 

d) Find the confinement factor ( using 
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e) Find threshold current density JTH and threshold current ITH. Use cavity length L =500 μm. 


Bonus question (2 points): Find Iop and Vop for 1mW optical output. 
Assume: 
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Absorption coefficient (=(Diffraction +(Free carrier +(scattering =20 cm-1
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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. 
HINT SET #A: Finding the energy gaps of dot material and barrier material.
They are Eg1 =Eg1(dot) =0.7372eV and Eg2 = Eg2 (Barrier) =1.0672eV. Your task is to find their composition.
We provide below the rationale of finding these as a funciton of Eg value. We show that Eg = 0.22eV does not confine electrons and hence no good. 
Equation to find Eg for dots: 
hm = 0.9538 = Eg + Ee1 + Ehh1 + 0.0006 (in eV).  

Table II gives Ee1 and Ehh1 in a Dot of 50x50x50Å under two Eg: 0.22eV and 0.5eV. For 0.22eV, the electron and hole levels are Ee1=0.174eV and hole level Ehh1 = 0.042eV. 
This gives dot energy gap to be 

Eg1=0.9538 – ( Ee1 + Ehh1 + 0.0006) = 0.9538 – ( 0.174 + 0.042 + 0.0006) = 0.7372eV.
The band gap of barrier layer on either side of the dot is Eg1 + Eg = 0.9572eV. 

If we calculate the conduction band barrier height Ec = 0.6Eg=0.6*0.22 =0.132eV. This will not confine the Ee1 level which is 0.174eV.  That is Ec=0.132eV is smaller than Ee1=0.174eV.

Similarly, Ev = 0.4Eg=0.4*0.22 =0.088eV. But this is larger than Ehh1 = 0.042eV. This is ok. Since electrons are not confined, it is not a good solution.

If we take Eg =0.33 eV, and use the electron level Ee1=0.174eV and hole level Ehh1 = 0.042eV, we show below that we can confine electrons and holes in their respective wells created by Ec = 0.2 and Ev=0.13eV.
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Quantum dot energy levels are are shown below.


 
Fig.3
Energy levels in quantum dot Eg1 having barrier layers Eg2 on either side. 

The conduction band barrier Ec > 0.174eV to confine electrons. If Ec = 0.2eV, it is ok. It gives Eg value to be 0.33 eV as Ec = 0.6Eg.The band gap of the barrier layer Eg2  = Eg (active) + Eg = 0.7372 + 0.33= 1.0672eV. We can now find its composition. 
HINT SET #B: Thickness d of active layer rationale. Quantum dots design is shown in Fig.44.
 SHAPE  \* MERGEFORMAT 



Fig. 44 Active layer thickness: d = (50x3) + (100x2)+(150x2) =650ºm. D for dot and B for barrier.

Active layer comprises three set/layers of InGaAsP dots (Eg1) separated by InGaAsP barriers (Eg2, different composition) of 150Angstroms on either side. 

The active layer thickness is d = (50x3) + (100x2)+(150x2) =650ºm.. 
HINT SET #C: Index of dot and barrier layers using composition.

The index of refraction equation InxGa1-xAsyP1-y is 
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HINT SET #D: Cladding layer composition and index of refraction

Cladding layers: Cladding layers are next to outer barrier layers. 
Cladding energy gap should be higher than barrier separating dots. Find the doping of cladding layers. 
  Eg3 (clad) = Eg2 (barrier) + 0.5eV = 1.0672 + 0.5 = 1.5672 eV. This energy gap value is higher than InGaAsP system compatible with InP (which is 1.3eV). So we recommend using ZnSeTe cladding. See page 402 of Notes. 
For lattice matching, we select ZnSeTe cladding on straight line drawn through InP and intersecting ZnSeTe plot which goes through ZnSe and ZnTe. The composition is roughly  ZnSe0.5Te 0.5. The band gap is 2.2eV. 
Index is 
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∆Ec = 0.6*1.0 =0.6 eV and ∆Ev = 0.4*1.0 =0.4 eV

[image: image19.emf]
Fig, 45, p. 407
HINT SET #E: Showing that d=0.065 micron will give single mode. 

For this we need to find index of active layer = (index of dot = index of barrier)/2. 

You know the index of cladding and like Q.1 find d using  
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Finding if d=0.065 micron will give single mode. Find W using
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HINT SET: JTH
Find the confinement factor ( using 
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Bonus Question; See solution to Q.1.

 Table I Quantum Well/Dot laser design only.
	Electron_Mass (mn)                                                                                           
	0.067

	Heavy_Hole_Mass (mHH)                                                                                                                                                                          
	0.62

	Conduction_Band_Offset_(delta_Ec)                                                           
	0.3 eV (Calculate)

	Light_Hole_Valence_Band_Offset_(delta_Ev)                                        
	0.2 eV(Calculate)

	Heavy_Hole_Valence_Band_Offset_(delta_Ev)                                       
	0.05805 eV

	Width_of_the_Quantum Dot/Quantum Box                                                                                        
	50Å

	Conduction_to_light_hole_gap                                                                          
	Eghh+ 0.2 eV

	Conduction_to_heavy_hole_gap                                                       
	Eg


Quantum Well/DOT: The quantum well levels are given below for two different barrier layer energy gaps, that is when Eg (between well and barrier) is 0.2eV and when Eg = 0.5eV. Assume Ec=0.6 * Eg. 

The quantum dot levels are also listed (simply well levels multiplied by 3).  The cladding layer should have a higher energy gap then the barrier adjacent to the quantum dots. Use ZnSeTe for cladding layers with a band gap Eg = 2.31eV and a dielectric constant of 8.5.  

Table 2: Well/Dot Energy Levels
	Well-Barrier Difference
	Electron Level in well (50Aº)
	Heavy hole Level in well (50Aº)
	Electron Level in Dot (50Aº)
	Heavy hole Level in Dot (50Aº)

	ΔEg=0.22eV
	Ee1=0.058eV
	Eh1=0.014eV
	Ee1=0.174eV
	Eh1=.042eV

	ΔEg=0.5eV
	Ee1=0.085eV
	Eh1=0.016eV
	Ee1=0.255eV
	Eh1=.048eV


Table III: Well Barrier Parameters

	Elecron Mass in barrier(mnb) 
	0.08

	Hole Mass in barrier(mhb) 
	0.58

	Electron_Mass (mn) in well                                                                                           
	0.067

	Heavy_Hole_Mass (mHH) in well                                                                                                                                                                         
	0.62

	Conduction_Band_Offset_(delta_Ec)  for  ΔEg=0.22eV                                                        
	0.13 eV 

	Heavy_Hole_Valence_Band_Offset_(delta_Ev) for ΔEg=0.22eV                                                                                               
	0.088 eV

	                 Dimension of_the_Dot                                                                                        
	50Åx50Åx50Å

	Conduction_Band_Offset_(delta_Ec)  for  ΔEg=0.5eV                                                        
	0.3 eV 

	Heavy_Hole_Valence_Band_Offset_(delta_Ev) for ΔEg=0.5eV                                                                                               
	0.2 eV





150 Ao	 B





50Ao 	D





100Ao 	B





50Ao 	D





100Ao 	B





50Ao 	D





150 Ao	 B





W





P+-InGaAs





1.35 m cladding p-ZnSeTe  





1.35 m cladding N+-ZnSeTe





n+-InP substrate 





50Ao





50Ao





50Ao





d=(50x3)+(100x2)+(150x2)=650º=m











PAGE  
1

_1488803832.vsd
Top Contact Stripe


W (micron)


p+ InGaAs cap


p – Cladding ?
Doping value NA cm-3


n – Cladding Doping
ND cm-3


d(micron)


n  - InGaAsP Assume Active layer=1016cm-3


1.5 micron


Cladding thickness 
1.5 micron


n+ - InP Substrate  
(100 – 150 micron ) ND= cm-3


y


Laser output


Ohmic Contact


Cavity length L micron



_1520844757.unknown

_1520861399.vsd

_1520844772.unknown

_1520844785.unknown

_1520844787.unknown

_1520844768.unknown

_1520844755.unknown

_1520844756.unknown

_1520844744

_1320303083.unknown

_1362826002.unknown

_1362844930.unknown

_1362825974.unknown

_1079179775.unknown

_1104226456

_1041324142

_1047453210.unknown

