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This thesis has investigated the figure of merit (FOM) enhancement of the Kretschmann
configuration based on optical biosensors by adding a polydimethylsiloxane grating layer on a
uniform gold sensor surface. The grating layer enables the excitation of the Fabry-Perot mode,
which has a figure of merit around 23 times better than the surface plasmon resonance mode in
conventional Kretschmann configuration. To examine the sensor response. Optical responses were
simulated in a MATLAB program using the Fresnel equation and the rigorous coupled wave
analysis. The two calculation methods are appropriate for the calculation of the sensor response of

the uniform surface and the grating surface, respectively.

This thesis explains how the Fabry-Perot mode position was calculated through the
effective medium theory and in conjunction with the phase matching equation. The calculated
Fabry-Perot mode position was accurate in cases of subwavelength grating and near-wavelength

grating and required less computation time, compared to a rigorous coupled wave analysis.
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1) 118291181 (Input Valve)
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&) 3Funiaes sranau ifurugudnas 3 i

7 audnsanszuen ANue1 Ilda 200 mm
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0.0l Sensitivity
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aumsvounWsatua (Fresnel’s equations)
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. E, _ nycosé,—n cosd,  tan(6, —6,) (N-6)
" |E| nocosf +ncosg tan(d, +6))
. E _ 2nycosf _ 2sin 6, cos 6, (M-7)
" |E| nycosg +ncosg sin(6, +6,)cos(6, - 6,)
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function (rs,rp,ts,tp)=reftraextrN(sthinc0,n,d,lambda)

MM=size(n);

MM=MM(2);

(a,npts)=size(sthinc0);

sthinc=zeros(MM,npts);

cthinc=zeros(MM,npts);

delta=zeros(MM,npts);

for ii=1:MM
sthine(ii,:)=n(1)*sthinc0/n(ii);
cthinc(ii,:)=sqrt(1.-(sthinc(ii,:). *sthinc(ii,:)));
delta(ii,:)=2.*pi*n(ii) *d(ii)*cthinc(ii,:)./lambda;

end

rpN=zeros(MM-1,npts);

rsN=zeros(MM-1,npts);

tpN=zeros(MM-1,npts);

tsN=zeros(MM-1,npts);
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for ii=2:MM
rpN(ii-1,:)=((n(ii-1)*cthinc(ii,:))-(n(ii)*cthinc(ii- 1,:)))./((n(ii- 1) *cthinc(ii,:))+(n(ii) *cthinc(ii-
L)
rsN(ii-1,:)=((n(ii-1)*cthinc(ii-1,:))-(n(ii) *cthinc(ii,:)))./((n(ii- 1) *cthinc(ii-
1,:))+(n(ii)*cthinc(ii,:)));
tpN(ii-1,))=(2.*n(ii-1)*cthinc(ii-1,:))./((n(ii-1)*cthinc(ii,:))+(n(ii) *cthinc(ii-1,:)));
tsN(ii-1,:)=(2.*n(ii-1)*cthinc(ii-1,:))./((n(ii-1)*cthinc(ii-1,:))+(n(ii) *cthinc(ii,:)));
end
tp=zeros(1,npts);
ts=zeros(1,npts);
rp=zeros(1,npts);
rs=zeros(1,npts);
for jj=1:npts
for ii=1:MM-1
Ip(1,1)=1.;
Ip(1,2)=rpN(ii,jj);
Ip(2,2)=1.;
Ip(2,1)=rpN(iijj);
Ip=Ip/tpN(ii,jj);
Is(1,1)=1.;
Is(1,2)=rsN(ii,jj);
Is(2,2)=1.;
Is(2,1)=rsN({i,jj);
Is=Is/tsN(ii,jj);
if ii==
prop(1,1)=exp(-1i*delta(ii+1,jj));
prop(2,2)=exp(1i*delta(ii+1,j}));
prop(1,2)=0;
prop(2,1)=0;

Stotp=Ip*prop;
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Stots=Is*prop;
end
if ii>1&&ii<MM-1
prop(1,1)=exp(-1i*delta(ii+1,jj));
prop(2,2)=exp(li*delta(ii+1,jj));
prop(1,2)=0;
prop(2,1)=0;
Stotp=Stotp*Ip*prop;
Stots=Stots*Is*prop;
end
if ii==MM-1
Stotp=Stotp*Ip;
Stots=Stots*Is;
end
end
tp(1,jj)=1./Stotp(1,1);
rp(1,jj)=Stotp(2,1)*tp(1,jj);
ts(1,jj)=1./Stots(1,1);
rs(1,jj)=Stots(2,1)*ts(1.jj);

end
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clear
cle
close all

addpath('functions');

npts=201;
nptshg=201;

nl =1.52;
nPDMS = 1.4283;

FF=10.3;

ngold=0.18344-3.4332i;
dgold = 0.048;

hg = linspace(0,5,nptshg);
lambda0 = 0.633;
lambdag = 1.25%0.633;

calculation_mode=1;
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neff=sqrt(hnPDMS"2*FF+n3"2*(1-FF));

sthincO=linspace(0.9/n1,1.4/n1,npts);

hg=linspace(0,5,nptshg)*lambda0;

m=0;
kzcavity=sqrt((2*pi/lambda0*neff)*2-(2*pi/lambda0*n1*sthincO+m*2*pi/lambdag)."2);

numM=7;

if calculation mode==
for M=0:numM
disp(M)
for ii=1:nptshg
n=(ngold neff nl);
d=(dgold hg(ii) 0);
(rs1,rp1.,ts,tp)=reftraextrN(n1/neff*sthinc0,n,d,lambda0);

phi_lower=angle(rp1);

n=(ngold neff n3);
(rs2,rp2,ts,tp)=reftracxtrN(n1/neff*sthinc0,n,d,lambda0);

phi_upper=angle(rp2);

hg sol(M+1,:)=((-phi_upper-phi_lower+2*pi*M)./(2*kzcavity));
end
end
elseif calculation_mode==2
for M=0:numM
disp(M)
for ii=1:nptshg
n=(ngold neff nl);
d=(dgold hg(ii) 0 );



(rs1,rpl,ts,tp)=reftracxtrN(n1/neff*sthinc0,n,d,lambda0);

phi_lower s=angle(rs1);

n=(ngold neff n3);
(rs2,rp2,ts,tp)=reftracxtrN(n1/neff*sthinc0,n,d,lambda0);
phi_upper_s=angle(rs2);
hg sol s(M+1,:)=((-phi_upper_s-phi_lower s+2*pi*M)./(2*kzcavity));
end
end

end

kO = 2*pi/lambda0;
if calculation mode==
plot(n1*sthinc0,real(hg_sol)/lambda0,'Color',(0 255 255)/255,'linestyle','--','linewidth',3);
elseif calculation mode==2
plot(nl*sthinc0,real(hg_sol_s)/lambda0,'Color',(0 255 255)/255, linestyle','--, linewidth',3);
end
colorbar;colorbar('Ticks',(0:0.2:1));
xlabel('’k i n c/k 0"
ylabel('h_g/\lambda 0")
set(gca,'FontName',' Times','FontSize', 18, ' fontweight','bold');
set(gcf, 'Color', 'w');
axis((0.9 1.4 0 5))
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