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clear all
close all

% ALL DISTANCES ARE ON Z AXIS

% f0: at the pupil

% f1: before the first grating
% f2: after the first grating
% f3: before first lens

% f4: after first lens

% f5: before sample

% f6: after sample

% f7: before second lens

% f8: after second lens

% f9: before second grating
% f10: after second grating
% f11: after adding the two beams
% f12: at the photodiode

% 40 periods, 2 m finger, 3 m space
finger = 2e-6;

space = 3e-6;

N = 2716; % number of points : 2*15

lambda = 633e-9;

L = 14400e-6;
grating_start = -100e-6;
grating_end = 100e-6;

dx0 = L/N;

k = 2*pi / lambda;

f=1e-3; % focal distance of the lens

R_sample =0.7; % sample reflectivity

z_pg=8e-3; % z_pg : distance from pupil to grating
z_gl=.5e-3; % z_gl : distance from grating to lens

z_1s=0; % z_ls : distance from lens to sample (defined in t

z_pd=8e-3; % z_pd : distance from grating to photodiode

order0 = zeros(1,N);
orderl = zeros(1,N);

orderlstart=-1.3e-3;
orderlend=-.7e-3;
orderOstart=-.3e-3;
orderOend=.3e-3;

%tic

% DEFINE GAUSSIAN BEAM

beam_width = 280e-6;

pupil_width = 100e-6;

beam = sqrt(exp(-(-N/2+1:N/2)./2./(beam_width/2/dx0

)-"2));

he loop)



% 0) CROP THE BEAM
fO = zeros(size(beam));

fO(N/2-1-

round(pupil_width/dx0/2):N/2+round(pupil_width/dx0/ 2))=beam(N/2-1-
round(pupil_width/dx0/2):N/2+round(pupil_width/dx0/ 2));

p=0;

% 1) PROGAGATE TILL GRATING

[f1,dx1,x1]=fresnel(f0,dx0,z_pg,lambda);

figure;

p=p+1;subplot(3,2,p);plot(x1,abs((beam).”2));xlim([ -500e-6 500e-
6]);title( 'l. Gaussian beam' );xlabel( 'Distance from axis

(m)" ), ylabel( '‘Normalized intensity' );
p=p+1;subplot(3,2,p);plot(x1,abs((f0).”2));xlim([-5 00e-6 500e-
6]);title( '2. Cropped beam’ );xlabel( 'Distance from axis

(m)" ),ylabel( ‘Normalized intensity' );
p=p+1;subplot(3,2,p);plot(x1,abs((f1).”2));xlim([-5 00e-6 500e-
6]);title( '3. At the grating’ );xlabel( 'Distance from axis

(m)" ),ylabel( 'Normalized intensity' );

f_grating = zeros(1,N);
for i=1:N
if (rem(i*dx1,finger+space) < space)
f_grating(i) = 1
end
if (i*dx1-dx1*N/2 < grating_start) || (i*dx1-dx1*N/2 > grating_end)
f _grating(i) = 0;
end
end

% 2) PASS THROUGH 1ST GRATING

f2=f grating.*f1; dx2 = dx1; x2=x1;
p=p+1;subplot(3,2,p);plot(x2,abs((f2).”2));xlim([-5 00e-6 500e-
6]);title( '4. After grating' );xlabel( 'Distance from axis

(m)" ), ylabel( 'Normalized intensity' );

% 2B) BEAM REFLECTED FROM GRATING
f inverse_grating = zeros(1,N);
for i=1:N
if (rem(i*dx1,finger+space) < space)
f_inverse_grating(i) = 1;
end
if (i*dx1-dx1*N/2 < grating_start) || (i*dx1-dx1*N/2 >
grating_end)
f_inverse_grating(i) = O;

end
end
f2 = f_inverse_grating.*f1;
p=p+1;subplot(3,2,p); plot(x2,abs((f2).”2));xlim([- 500e-6 500e-
6]);title( '4B. Beam reflected from grating' );xlabel( 'Distance from axis
(m)" ),ylabel( 'Normalized intensity' );

% 3) 1ST GRATING TO 1ST LENS
[f3,dx3,x3]=fresnel(f2,dx2,z_gl,lambda);

p=p+1;subplot(3,2,p); plot(x3,abs((f3).”2));xlim([- 500e-6 500e-6]);
tittke(  '5. At the lens' );xlabel( 'Distance from axis
(m)" ), ylabel( 'Normalized intensity' );

% 4) FIRST LENS
&



f_lens(1:N) = exp(-j*k*((-N/2+1:N/2)*dx3).*2/(2*f))
f4 = £3.*f_lens; dx4 = dx3; x4 = x3;

iter=1;
for disp=-100e-9:30e-9:300e-9

close all ;

z_lIs=1e-3+disp; % z_ls: 2 x distance from the lens to the
substrate

% 5) FIRST LENS TO SAMPLE
[f5,dx5,x5]=fresnel(f4,dx4,z_Is,lambda);
figure;p=0;
p=p+1;subplot(3,2,p); plot(x5,abs((f5).*2)); x| im([-1500e-6 1500e-
6]);title( '6. At the sample’ );xlabel( 'Distance from axis
(m)" ),ylabel( ‘Normalized intensity' );

% 6) PASS THROUGH SAMPLE
f6 = f5.*R_sample; dx6 = dx5; x6 = x5;

% 7) SAMPLE TO 2ND LENS
[f7,dx7,x7]=fresnel(f6,dx6,z_ls,lambda);
p=p+1;subplot(3,2,p); plot(x7,abs((f7).”2));xli m([-1500e-6 1500e-
6]);title( '7. Back to lens' );xlabel( 'Distance from axis
(m)" ), ylabel( '‘Normalized intensity' );

% 8) 2ND LENS
f8 = f7.*f_lens; dx8 = dx7; x8 = x7;

% 9) 2ND LENS TO GRATING
[f9,dx9,x9]=fresnel(f7,dx7,z_gl,lambda);

p=p+1;subplot(3,2,p); plot(x9,abs((f9)./2));xli m([-1500e-6 1500e-
6]);title( '8. Back to grating' );xlabel( 'Distance from axis
(m)" ),ylabel( 'Normalized intensity' );

f_grating = zeros(1,N);
for i=1:N
if (rem(i*dx9,finger+space) < space)
f_grating(i) = 1;
end
if i*dx9-dx9*N/2 < grating_start || i*dx9-dx9*N/2 > g rating_end
f_grating(i) = 0;
end
end

% 10) PASS THROUGH 2ND GRATING
f10=f_grating.*f9; dx10 = dx9; x10=x9;

p=p+1;subplot(3,2,p); plot(x9,abs((f9).2));xli m([-1500e-6 1500e-
6]);title( '9. After passing through the gratings second
time' );xlabel( 'Distance from axis (m)' ),ylabel( 'Normalized intensity' );

% 11) ADD THE INTERFERING BEAMS

if dx2==dx10
f11=f2+f10;dx11=dx10;x11=x10;
elseif  dx2>dx10
f2_new=zeros(1,N);
for i=1:N
f2_new(i)=f2(round(N/2+(i-N/2)*dx10/dx2 );

8



end

f11=f2 _new+f10; dx11=dx2; x11=x2;

else

f10_new=zeros(1,N);
for i=1:N

f10_new(i)=f10(round(N/2+(i-N/2)*dx2/dx 10));

end

f11=f10_new+f2;dx11=dx10;x11=x10;

end

p=p+1;subplot(3,2,p); plot(x2,abs((f2).”2));xli m([-1500e-6 1500e-
6]);title( '10. Addition of two interfering beams (4B and 9) a t the
grating'  );xlabel( 'Distance from axis (m)' ),ylabel( 'Normalized
intensity' );

%AT PHOTODIODE
[f12,dx12,x12]=fresnel(f11,dx11,z_pd,lambda);

p=p+1;subplot(3,2,p); plot(x12,abs((f12).72));x lim([-1500e-6 1500e-
6]);title( '"11. At the PD' );xlabel( 'Distance from axis
(m)" ),ylabel( 'Normalized intensity' );
for i=1:N
if (x12(i)>orderOstart)&&(x12(i)<orderOend)
order0(i)=1;
end
if (x12(i)>orderlstart)&&(x12(i)<orderlend)
order1(i)=1;
end
end

orderOprofile=order0.*f12;
orderlprofile=orderl.*f12;

11(1,iter) = sum(abs(orderOprofile.”2));
10(1,iter) = sum(abs(orderlprofile.”2));
11(1,iter) = max(abs(orderOprofile.*2));
10(1,iter) = max(abs(orderlprofile."2));
10(2,iter) = disp;

iter=iter+1;
end
figure;plot(10(2,:),11(1,:));xlabel( 'Displecement of sample
(m)" );ylabel( '‘Normalized intensity of the first order’ );

FILE fresnel.m

function  [f1,dx1,x1]=fresnel(f0,dx0,z,lambda)
N = length(f0);

k = 2*pi/lambda;

zcrit= N*dx0"2/lambda;

if z<zcrit

du=1./(N*dx0);

u = [0:N/2-1 -N/2:-1]*du; % Note order of points for FFT

H = exp(-i*2*pir2*u.~2*z/K); % Fourier transform of kernel
f1=ifft(fft(f0).*H); %Convolution
f1=f1.*exp(-j*2*pi*z/lambda); % ADDED NOW

dx1=dx0;



x1 = [-N/2:N/2-1]*dx1; %Baselineforoutput
end

if z>=zcrit

X0=[-N/2:N/2-1]*dx0; %InputfOisinnaturalorder

g = f0 .* exp(i*0.5*k*x0.22/z); % First phase factor
G = fftshift(fft(fftshift(g))); % Fourier transform
du=1./(N*dx0);dx1=lambda*z*du;

x1=[-N/2:N/2-1]*dx1,; %Baselineforoutput
f1=G.*exp(i*0.5*k*x1.72/z); %Secondphasefactor
f1=f1.*dx0./sgrt(i*lambda*z);

f1 = f1.*exp(-j*2*pi*z/lambda); % ADDED NOW (THE PHASE CHANGE DUE TO Z
TRAVEL)

end
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