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! Bilayer solar cells
2 Blend solar cells
% Tandem Solar Cells
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! Bulk Heterojunction solar cells
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%Wannier excitons
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Chemical structures of poly(3-(4'-(1"",4"",7""-trioxaoctyl!phenylthiophene) (PEOPT), poly(3,4-
ethylenedioxythiophene) (PEDOT), and poly(styrenesulfonate) anion (PSS™) [25].

RR-P3HT

chemical structure of PH3T and PCBM [29].
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the wavelength range 300-1000nm [25].
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magnification of the extinction coefficient in the wavelength range 550-750 nm [25].
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Absorption coefficient (cm™)
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The absorption coefficient of PEOPT (solid line) and C60 (dashed line) in the wavelength range
corresponding to the action spectrum of the photovoltaic devices [25].
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%5 layae(glass ITO pss act al)

n=[1 1.54 1.87+.0231 1.5+.031 1.845+.34i .772+6
landa=500;

dl=eps:150;

d2=eps:100;

dact=eps:400;

dal=150; % zekhamat Al
beta=2*pi/landa;
alfa=(4*pi*imag(n(5)))/landa;
c=3*10"8;

ep=8.85*10"-12;

teta=0:p1/100:pi/2;

%$mohasebeh zarayebe fernel..........
rs=zeros (size(teta,2),size(n,2)-1);
ts=rs;

rp=rs;

tp=rs;

tsin=sin (teta);

tcos=cos (teta) ;

for i=l:length(n)-1
rs(:,1i)=(tcos-sgrt((n(i+1l)/n(i))"2-

tsin.”2)) ./ (tcos+sgrt ((n(i+1)/n(i))"2-tsin."2));
ts(:,1)=2*tcos./ (tcos+sqrt ((n(i+1l)/n(i))"2-tsin.
tsin=tsin.*n(i)/n(i+1);

tcos=sgrt (l-tsin.”2);

end
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tsin=sin(teta);
tcos=cos (teta) ;

for i=l:length(n)-1

rp(:,1)=((n(i+l)/n(i))"2*tcos-sgrt ((n(i+l)/n(i))"2-tsin.”2))./...
((n(i+1l)/n(i))"2*tcos+sqgrt ((n(i+l)/n(i))"2-tsin.”2));

tp(:,i)=2*tcos* (n(i+1)/n(i)) ./ ((n(i+1l)/n(i))"2*tcos+sqgrt((n(i+l)/n

(1)) "2-tsin.”2));
tsin=tsin.*n (i) /n(i+l);
tcos=sqgrt (l-tsin.”2);
end

Rp=cell (length(teta),1l);
Rs=Rp;

Rgs=Rp;

Rgp=Rp;

RS=1;

RP=1;

for 1=1:length(teta )
for k=2: length( n)
RS=RS*abs (rs (1, k)
RP=RP*abs (rp (1, k)
end

Rs{1}=RS;
Rp{1l}=RP;
Rgs{l}=abs(rs(1l,1))."2;
Rgp{l}=abs (rp(1l,1))."2;
end

)
) -

[ddl,dd2]=meshgrid(dl,d2);

B et mohasebeh matrix enteghal avaliea(m).........

ms=fa (rs(:,2:4),ts(:,2:4),d1l,d2,n(3:4)); S%Sprevious transition
matrix for S polarization

mp=fa (rp(:,2:4),tp(:,2:4),d1,d2,n(3:4));

S e e e mohasebeh matrlx enteghal sanaviya(mm).........
mms=fa(rs(:,5:6),ts(:,5:6),dal,1l,n(6));

mmp=fa(rp(:,5:6),tp(:,5:6) dal,1l,n(6));
rrs=num2cell (cellfun (@ (x)x(2,1)/x(1,1),cat(l,mms{:})));
rrp=num2cell (cellfun(@(x)x(2,1)/x(1,1),cat (1, mmp{:})));

tpl s=cellfun(@(x,z,g)cellfun(Q@(y) (1/y(1,1))./(1+(y(1,2)*z/y(1,1))
*

) ~2-

, X, '"UniformOutput', false),ms, ...

), 'UniformOutput’', false);

exp (2i*beta*sqgrt (n (5
(n(1l)*sin(g))"2) *dact))
rrs,num2cell (teta.'

tpl p=cellfun(@(x,z,g)cellfun(@(y) (1/y(1,1))./(1+(y(1,2)*z/y(1,1))
*

) 2=

, X, 'UniformOutput', false),mp, ...

), 'UniformOutput’', false);

exp (2i*beta*sqgrt (n(5
(n(l)*sin(g))"2) *dact))
rrp,num2cell (teta.'

si=size (dact, 2);

A4



Qs=cell(size(rrs,1l),si);

Qp=0Q0s; % har satr bray 1 zaviya & har soton baray 1 zekhamat
active layer
for k=1l:si

dx=0:.5:dact (k) ;

Qs (:,k)=cellfun(@(x,z,h,R,g)cell2mat (cellfun (@ (y)sum((1l/2)*c*ep*al
fa*real (n(5)) *abs(y(k).*...

(exp (li*beta*sgrt (n(5)"2-(n(1l)*sin(h))"2) .*dx)+z.*...

exp (li*beta*sqgrt (n(5)"2-(n(1l)*sin(h))"2) .* (2*dact (k) -
dx)))*2* (1-g) / (1-R*g)) ."2) ...

, X, '"UniformOutput’',
false)),tpl s,rrs,num2cell (teta.'),Rs,Rgs, 'UniformOutput’', false);

Qp(:,k)=cellfun(@(x,z,h,R,g)cell2mat (cellfun(@(y)sum((1l/2)*c*ep*al
fa*real (n(5)) *abs(y(k).*...

(exp (1li*beta*sqgrt(n(5)"2-(n(1l)*sin(h))"2) .*dx)+z.*...

exp (li*beta*sqgrt (n(5)"2-(n (1) *sin(h))"2).* (2*dact (k) -
dx)))*2*(1-g)/(1-R*qg))."2) ...

, X, 'UniformOutput’,
false)),tpl p,rrp,num2cell (teta.'),Rp,Rgp, 'UniformOutput’', false);

end

Q=cellfun (@plus,Qs,Qp, 'UniformOutput', false); % sum Qs & Qp
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Abstract

Using renewable and clean energy sources such as solar energy has been one of the main
issues investigated, recently. Photovoltaic solar cells are one of the major achievements in
this regards. Nano-structure organic solar cells newly has been investigated more than the
inorganic cellsbecause of the flexibility, low production cost, less environmental pollution,
and large-scale surface production. The main problem in organic solar cells is their
efficiency, which is much related to the thickness of the active layer. In this research at
first, optical simulation was carried out based on the Petterson model, by use of MATLAB
computer program. Three types of solar cells including bilayer cells, blend cells, and
tandem cells are investigated. In the research work has been published so far TE radiation
mode has been considered. However, here the TE and TM modes of radiation are taking
into account in order to optimize the radiation absorption within the active layer. Moreover,
since the absorption of light in the cell varies by changing the thickness of each layer,
optimization of different layer thickness simultaneously was considered.

To simplify the relations in optical modeling in solar cells usually normal incidence of
radiation is considered. Obviously, less reflection occurs by normal incidence. Therefore, it
seems that the highest efficiency is obtained in this condition. However, in non-normal
incidence although there is more reflection of the light, in fact longer distance of radiation
into the cell results in more absorption. Therefore, two parameters including angle of
incidence and the distance within the cells, are competing and must be optimized in order to
obtain moreabsorption of light and consequently more efficiency. In next step optical
performance of three structures bulk heterojunction organic solar cells under different angle

of incidence considering absorption profile of the active layers is studied.
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