ECE 4211 QUIZ2 Design Pass2 Take HomeV2 041317due 04202017 F. Jain. NAME_______
Review class on Monday April 17th in LH 205 at 6:00pm

First pass laser & solar designs 16 points each. Second pass 4 points each for solar and laser. 
Q.1 Design a double heterostructure quantum dot laser operating at 1.32 μm and emitting 1. 5mW using InGaAsP-InP system. The device parameters including Z(T), ΔVs, ηq are the same as in Design Part #1. Fig. 1 shows the cross section with three layers of dots and 4 barrier layers.
 SHAPE  \* MERGEFORMAT 



Fig. 1 Double heterostructure InGaAsP-InP quantum dot laser with ZnSeTe cladding layers. The active layer comprises three quantum dot (50Å each) and four barrier layers with active layer thickness d= 650Å = 0.065μm.
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Fig. 3 Energy gap as a function of lattice parameter.
Point A is 0.7eV (intersection of dashed line from GaAs to InAs and vertical line from InP) composition In0.53Ga0.47As, 
Point B is quantum dot at 0.7227eV (intersection of solid horizontal line at 0.7227eV and vertical line from InP). Composition-you need to find.
Point C is barrier layer at 1.0527eV (intersection of solid horizontal line at 1.0.527eV and vertical line from InP). Composition-you need to find.

Point D is cladding layer at the intersection of 2.2eV horizontal line and vertical line via InP.
Q.1 (a) Find the composition of quantum dot in the active layer using Fig. 3.

Eg for dots:   hm = 0.9393 = Eg1 + Ee111 + Ehh111 + 0.0006 (in eV).  

Fig. 2 shows the electron energy level Ee111 and hole energy level Ehh111 of Quantum Dots (size 50x50x50Å). The dots are sandwiched between barriers with energy gap Eg2. The differences Eg = (Eg2 – Eg1) =0.33eV is distributed in conduction band and valence band as Ec = 0.2 and Ev=0.13eV.Ec = 0.2eV is greater than Ee111(=0.174eV), and Ev=0.13eV is greater than Ehh111 (= 0.042eV). Thus, both electons and holes are confined in the quantum dot by the barrier layer. 
This gives quantum dot energy gap Eg1
Eg1=0.9393 – (Ee1 + Ehh1 + 0.0006) = 0.9393 – (0.174 + 0.042 + 0.0006) = 0.7227eV.
Q.1 (b) Find the composition of barrier layer which has a higher band gap (Eg1) such that ΔEc + ΔEv are larger than the electron Ee111 and hole Ehh111 levels.

Since Eg =0.33 eV confines elections and holes, the barrier layer energy gap Eg2 is:

Eg2 = Eg1 +  Eg  = 0.7227 +0.33 = 1.0527 eV
Q.1 (c) Draw the energy band diagram given the cladding energy band gap Eg3 = 2.2eV. Assume Ec = 0.6*(Eg3 – Eg2) = 0.6*(2.2- 1.0527) = 0.6*1.1473=0.6883eV, and

Ev = 0.4589eV.  HINT: See the Quiz1 Bonus question Solution energy band plot. 
Q.1 (d) Find the confinement factor (and threshold current density Jth

The cladding band gap Eg3= 2.2eV. Index is 
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The index of quantum dot active layer nrQD = (nr of quantum dot + nr of barrier)/2
Q2. Second pass Solar Cell Design. One of the questions in Pass One we asked was: 

(vi) How would you improve the efficiency of your current cell? 

The solution provided in solution set 10 includes many methods listed below.

The efficiency is given by  = (Vm*Im)/Pin = [(Vm*Im)/ Voc*ISC   ] *[(Voc*ISC)/Pin]

 = Fill Factor * [(Voc*ISC)/Pin].

The efficiency can be increased by increasing fill factor, Voc and Isc. 

Voc can be increased by reducing reverse saturation current. 

ISC can be improved by removing defects in the absorber layer where photogenerated electron hole pairs can recombine before separation across the p-n junction. 

Voc can be increased by tandem cells. But tandem cells reduce ISC so a tradeoff is there. 

Isc can be improved by having a lower energy gap absorber. But lower energy gap reduced Voc, so there is a tradeoff.

Having a heterojunction cell whose window region is of larger energy gap reduces loss in window region. 

Use of n+-n/p-p+ cell improves Voc in both homojunction as well as heterojunction cells.

Q2(a) Do you think increasing the doping of p-Si from 8*1016  to 8*1017 cm-3 will improve the conversion efficiency.

If yes, determine the new values of open circuit voltage, maximum power point Pm = Vm Im and the fill factor (FF).  All other parameters are the same. 
Q2(b) Provide your new bar chart.
For reference only: ECE4211 HW#10R Solar Design-Pass I 03/30/2017 due 04/6/17 F. Jain 

Q. 1. Design an n+-p Si solar cell for air mass m=1 (AM1).  Assume that the incident radiation for AM1 (Fig. 1) is 92.5mW/cm2.  IL=ISC = 38.97mA/cm2. 

Follow cell design example of Section 6.12, page 511-518.
Given: p-Si crystalline wafer with doping of 8x1016cm-3.
n+-side: Donor concentration ND=1020 cm-3, minority hole lifetime (p=2x10-6 sec. 

Minority hole diffusion coefficient Dp=12.5 cm2/sec.

p-side:   Acceptor concentration NA= 8x1016cm-3, (n=10-5sec. Dn=40 cm2/sec.

Junction area A=1 cm-2, ni (at 300K) = 1.5x1010cm-3, (r (Si)=11.8, (0=8.85x10-14 F/cm,

             (=(0(r. Assume all donors and acceptors to be ionized at T=300°K.

(i) Find the thickness and index of refraction of the AR coating material for 0.51 micron as the average of entire spectrum.  Copy from the Design example.
Design Pass #2 Other approaches to AR coating: Surface texturing to prevent surface reflection? You may want to look at GaN LED structure (Fig. 33, p,. 316). 
(ii) List the criteria to select the thicknesses of n+ window and p-Si absorber layer. Follow Design Level-I Section 6.12.1 and Section 6.12.2.

(iii) Determine the open circuit voltage, maximum power point Pm = Vm Im and the fill factor (FF). 

(iv) Find dominant losses: 

a) Long wavelength photons h<Eg. Use value given in solved design. 

b) Excess photon energy (h-Eg) not used in generating electron-hole pairs.  That is triangle J, trapezoid J ’and DF’’ Use value given in solved design for the triangle and the trapezoid. Calculate only the region DF’’
c) Voltage factor.

d) Fill factor


(v) Plot all the losses as a bar chart, and .show after all the above losses that the cell could be over 20% efficient. 

(vi) How would you improve the efficiency of your current cell? 
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Fig.1 Solar spectrum at m=0 and m=1. Same as Popquiz

Laser Design Pass 1 For Reference Only 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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(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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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. 

[image: image17.png]Lattice Parameter and Bandgap Data

Four Quaternary Alloy Systems

Data courtesy of R. E. Nahnry, Bellcore

3
- ZnSe B
’zg_
B AlIP || \ ZnTe — 0.5
Y
. GaP M, ---, Alé\s _

N -
~27 N ™~ £
T - \ . 2
§ 158 i;,o(; S CdSe .\. AISb %
o)) "] \_/. c
T GaAs B g pnp CdTe [ 2
8 | S- - “ . 1 %

l ‘. .
. =
| Ge M - %, M GaSb _,
‘M InAs -
InSbm
0 l | . | l I T I I T | T
54 56 58 6.0 6.2 6.4 6.6

Lattice Parameter (A)

.1

l4




Fig. 3 Energy gap as a function of lattice parameter.
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Fig. 2	Energy levels in quantum dot Eg1 having barrier layers Eg2 on either side.
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