Plot the VCSEL spectrum

clear all;close all;clc;

Grati ngNunber = 125;

NGbhot = G at i ngNunber ;

N& op = G ati ngNumber ;

| anbdaV=Il i nspace(1450e- 9, 1650e-9, 100001) ;

count =1;

for | anbda=I anbdaV
[ S] =St ack( NGoot , N& op, | anbda) ;
R(count ) =abs(S(2,1))."2;
T(count)=abs(S(1,1).*S(2,2));
Rdb(count) = 10*1 og10(R(count));
Tdb(count) = 10*1 0gl0(T(count));
count =count +1,

end

figure

pl ot (| anbdaV* 1e9, R, | anbdaV*1e9, T, | anbdaV* 1e9, R+T, ' Li neW dt h' , 1. 5)
grid on;

grid mnor;

xl abel ('lanbda (nm', 'Fontsize', 12);

yl abel (' Transm ssion and Reflection', 'Fontsize', 12);

xIim([m n(l anbdaV) nmax(l anbdaV)] *1e9)
legend(' R ,"' T,  R+T")
ylim([0 1])

figure;

pl ot (| anbdaV*1e9, Rdb, | anbdaV*1e9, Tdb, 'LineWdth', 2);
set(gca, 'FontSize', 14);

x| abel (" Wavel ength (nm'," FontSi ze', 12);

yl abel (' Response Transmi ssion in dB','FontSize', 12);

| egend(’ Refl ection',' Transm ssion');

al pha= 107(1.5/10)*1e2; %oss in m1l
Q=(2*pi *G& ati ngNunber )/ (1550e-9*al pha) %ual ity factor of Bragg
grating w specified | oss

VCSEL Model

% starts at low, ends at low, and the cavity is in |ow

function [S]=Stack(NGoot, N& op, | anbda)

% par aneters

t het a=0; % nornal incidence

nmode=' TE'; % TE node assuned (doesn't nake difference here bc nornal
i nci dence)

Bragg=1550e-9; % Bragg wavel engt h

al pha= 107(1.5/10)*1e2; % DBR | osses (nP-1)

n_eff = calneff(lanbda); % given average effective index

delta n=0.08; % index contrast between nl and n2

Peri od=Bragg/ (2*n_eff); % period of the gratings conbi ned




nl=n_eff-delta n/2; % index of snmall grating
n2=n_eff+delta _n/2; % index of l|arge grating
d1=Bragg/ (4*nl); % wi dth of small grating

d2=Bragg/ (4*n2); % wi dth of large grating

% NGbot =41; % nunber of gratings in the bottommrror
% phase shifted paraneters

dG=300e-9; %l ength of gain

% dcav=((d1+dl)-dQ/ 2;

dcav=(Bragg/ (2*nl)-dQ/ 2;

nG=n1;

nCav=nl;

gai n=0; %avity gain

% convert the scattering to transfer matrices for cascadi ng
Mor op1=St oM Sprop(nil,theta, | anbda, d1, al pha));

Mor op2=St oM Spr op(n2, t het a, | anbda, d2, al pha) ) ;

Mor opG=St oM Spr op(nG t het a, | anbda, dG gain));

Mor opCav=St oM Spr op(nCav, t het a, | anbda, dcav, al pha)) ;
MLt 02=St oM Sboundar y(nl, n2, t het a, node) ) ;

M2t 01=St oM Sboundary(n2, nl, t het a, node) ) ;

% MLt 0G=St oM Sboundary(nl, nG t het a, node) ) ;

% M& 01=St oM Sboundar y(nG, n1, t het a, node) ) ;

% M2t 0G=St oM Sboundary(n2, nG t het a, node) ) ;

% M& 02=St oM Sboundar y(nG, n2, t het a, node) ) ;

% top DBR

M op=( M2t 01* Mpr op2* MLt 02* Mpr opl) *NG& op;

% gai n

Mgai n=Mor opCav* Mpr opG* Mor opCav;

% bott om DBR

Moot =( Mpr op1* M2t 01* Mpr op2* MLt 02) *NGoot ;

%multiply the transfer natrices and convert the result to scattering

M = Mbot * Mgai n* M op;
S = MoS(M;
end

function n_eff = cal neff (Il anbda)
n_eff = 2.38-1.1886*(| anbda- 1. 55)-0.31201* (| anbda- 1. 55) 2;
end

function [S,theta2] =Sboundary(nl, n2,theta, node) % boundary scattering
matrix fromnl ... to n2
t het al=t het a;
t het a2=asi n(nl)*sin(thetal)/n2; % Snell's |aw
if node=="TE
nlbar=nl*cos(t hetal);
n2bar =n2*cos(t het a2) ;

al2=1;
a21=1;
end
i f nmode=="TM

nlbar=nl*sec(t hetal);
n2bar =n2*sec(t het a2);
al2=cos(thetal)/cos(theta2);




a2l1=1/al2,
end
S = (1/(nlbar+n2bar))*[ 2*al2*nlbar n2bar-nlbar; nlbar - n2bar
2*a2l*n2bar];
end

function [S]=Sprop(n,theta, |l anbda, d, al pha) % propagation scattering
mat ri x

k = 2*pi . /| anmbda;

phi = n*k*d*cos(theta);

S = [exp(-i*phi-al pha*d/2) 0;0 exp(-i*phi-al pha*d/2)];

end

function [M=StoM S)

A=951,1)*S(2,2)-5(1,2)*S(2,1);
B = 9(1,2);

C=-521);

D=1;

M= (1/5(2,2))*[A B;C D;

end

function [S]=M oS(M
tAN= M1,1)*M2,2)-M1,2)*M2,1);

rNL = M1, 2);
riN = -M2,1);
tN1 = 1;
S=(1/M2,2))*[tIN rNL; rIN t N1];
end
Q:
3.5872e+06
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