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ABSTRACT   

The extraordinary progresses in the design and realization of structures in inorganic or organic thin films, whether or not 
including nanoparticles, make it possible to develop devices with very specific properties. Mastering the links between 
the macroscopic optical properties and the opto-geometrical parameters of these heterogeneous layers is thus a crucial 
issue. We propose to present the tools used to characterize and to model thin film layers, from an optical point of view, 
highlighting the interest of coupling both experimental and simulation studies for improving our knowledge on the 
optical response of the structure. Different examples of studies are presented on CIGS, Perovskite,P3HT:ZnO, PC70BM, 
organic layer containing metallic nanoparticles and colored solar cells. 
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1. INTRODUCTION  
The complexity of the interaction between light and heterogeneous matter highlights the importance of knowing the 
optical and electronical properties of the material, in order to be able to design the optical responses [1]. We would like 
to be able to do this, however it is not so easy. The understanding of the links between the macroscopic optical properties 
(refractive index and extinction coefficient), opto-geometrical parameters of the heterogeneous layers and their optical 
responses concerns various applications in the optical range of wavelengths (control of the emissivity of the surfaces, 
modeling of active imaging techniques,  the realization of new types of absorbers in thin film form working in the visible 
and infrared bands, refractive index gradient nano-films). Areas of interest are numerous such as  thermal  solar  and  
photovoltaic  (selective  absorbers,  anti-reflective,  rough transparent conductive oxides, etc...) and more generally 
optoelectronics (special optical coatings, more sensitive photodetectors, etc...). And the possibility of realizing thin films 
in the form of complex structure, comprising for example nanoparticles, or offering photonic patterns, allow to design 
new optical behavior of a material.  

The investigations for mastering the light behavior in a layer not only led researchers to use different photonic concepts 
but also to look for new materials with specific properties such as the mechanical flexibility, the low specific weight, the 
color or transparency.  

The architecture of thin films can be relatively complex and requires a thorough understanding of the materials’ 
behavior, involving accurate knowledge of the electrical, optical, and structural properties of the materials that compose 
the layer. Both experimental and simulation optical tools are then required in order to improve the optical design of the 
thin-film. This approach of coupling characterization and modeling provides a correct prediction and validation of device 
performance. This work, which is directly related to the fields of photonics, also involves knowledge in other parts of the 
Physics (e.g. Solid State, Electronic).  

In this paper, we will first describe briefly the phenomena of light-matter interaction which can occurs in thin films. 
Then, we will present different devices which are under study in our laboratory, i.e. thin film solar cells, and 
heterogeneous thin film layers made of nanoparticles embedded in a polymer host matrix. After giving some details 
about both these structures and their basics properties we will focus our attention to the means used to measure and to 
model the optical properties of these thin film layers. The optical properties of each material are of great importance for 
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the final performance of the device, and are based on a comprehensive set of very precise measurements. However, this 
is not enough, and models are needed to define the final optical parameters of new materials. 

*judikael.le-rouzo@univ-amu.fr; phone +33491288613  
 

2. LIGHT-MATTER INTERACTION 
2.1 Materials, Thin film layers  

First, we mention that in this paper, we focus our study for wavelengths between 200 nm and 5 μm, which is the range of 
the electromagnetic spectrum of interest. We wonsider either metallic, semiconductor or even dielectric material in thin 
film form, at micrometric or nanometric scale.   

The interaction between light and matter is strongly linked on both the structure of the matter, and of the wavelength of 
the light. The composition of the matter greatly influences the propagation of waves electromagnetic, and especially the 
optical constants (refractive index n and extinction coefficient k). When the electromagnetic radiation reaches the surface 
of a layer, different physical mechanisms are involved (see figure 1). A portion of the light may optionally pass through 
the medium if it is sufficiently transparent. Another part will be reflected back in the incident medium, and finally a part 
of the light may propagate within the material. In this latter case the light may be either scattered or absorbed, depending 
on both the structure and the optical properties of the material. Typically, a conductive medium (metal) exhibits 
absorption and also leads to a strong reflection. A dielectric medium on the other hand will, in its transparency region, 
allow the propagation of the light wave over long distances. And in the case of a semiconductor, depending on its energy 
bandgap, the light will be able to be absorbed or not. We also have to mention the possibility of emission of a photon, 
phenomena of luminescence in matter due to radiative relaxation.  

We also have to point out that the ratio between the wavelength and the dimension of the layer influences the Physics 
used for explaining the optical waves behavior [2].  In optics, we are use to compare the critical dimension with the 
diffraction limit in free space propagation, i.e. when it is smaller than the wavelength of light. Indeed, in the case of 
quantum structures with typically sizes of a few nanometers, classical physics is in default.  In this paper, we still 
consider in most cases material dimension close to the wavelength or smaller than λ/10.  For the study of nanoparticles, 
we will use the effective medium approximation. 
 

 
Figure 1. Optical phenomena which may occur in an optical thin film with optical constants n and k. 

 

2.2 Photonic structures, nanoparticles and light management 

Several approaches or new structures can be integrated in optoelectronic devices in order to improve their performances. 
Different routes are possible: the first is to minimize reflection at the air-material interface with anti-reflective coatings 
such as thin film layers or structured surfaces (see figure 2, [3]). The second is based on the engineering of the 
electromagnetic field to control its distribution in the thickness of a stack of thin films [4]. To go further, we can appeal 
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they are easy to integrate (flexible substrate); the organic aspect offers a variety of structures (polymers, small 
molecules) and functionality (separate adjustment of the bandgap ...). If the organic materials have the advantage of 
having strong absorption coefficients (more than 105 cm-1), the low mobility of the charge carriers  (10-6 to 100 cm2.V-1.s-

1) limit the thicknesses of the films at 100-200 nm, that is to say at much lower values than 400 or 500 nanometers 
required to absorb a major portion of the solar spectrum. It is therefore necessary to increase the interaction between the 
incident light and the photoactive layer. Moreover, the exciton diffusion lengths do not exceed 10 or 20 nm in the 
majority of organic materials; so this is the maximum distance that can be tolerated between two donor-acceptor material 
interfaces. In summary, all these dimensional constraints require that the optimal structure of the active layer of an 
organic solar cell is in the shape of an interpenetrated structure type (named bulk heterojunction (BHJ)) [10].  

In the last years, the perovskite solar cell technology has attracted a lot of attention.  The structure of the organometal 
halide perovskites is of ABX3 (A = alkyl-NH3, B = Pb or Sn, X = I,Cl, or Br). Due to these special properties, such as 
very strong absorption and a bandgap tunable (from 1.57 eV up to 2.3 eV covering the visible spectrum up to the near-
infrared) by modifying the chemical composition (e.g., alloying iodine with bromine for the X-site composition), this 
hybrid material is very promising for the field of photovoltaics [11].  

The figure 1 presents the typical structure of the thin film solar cells described above and which are under study in this 
work. We have to notice that the whole thickness of each stack is ranging from hundred nanometers (organic and 
perovskite) to a few micrometers (CIGS and CZTS). All of these cells have also the possibility to be made on flexible 
substrate. 

 
Figure 3. Typical structures of thin film solar cells. From left to right, organic solar cell, CIGS/CZTS solar cells and 
Perovskite solar cell. 

 

3.2 Organic thin films with nanoparticles 

The rapid progress in nanotechnology in the last years allowed the realization of well controlled nanostructures with 
specific properties more varied than those of bulk materials. Structured materials at the nanometer scale are used in 
optoelectronic applications because we can control their optical and electrical properties by changing their nature, 
composition or their geometry. At this scale the electron confinement effects change with the spatial dimensions. 
Technological applications based on nanostructures are numerous. The most affected areas are opto-and nanoelectronics, 
biotechnology and in aerospace for which the mechanical properties of nanocomposites are interesting. Here, we present 
some work done on metallic nanoparticles for optoelectronic applications. These nanostructures are enclosed in a 
polymer host matrix. The nanoparticles in polymer thin films are assumed to result in layers with tunable optical 
properties.  
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Silver nanoparticles of different shapes and sizes are chemically synthesized to be deposited in thin layers with a view to 
obtain transparent layers which absorb light over a wide spectral range. The nanoparticles are  deposited in thin layers 
into the polymer, soluble in water, non-absorbing in the visible and compatible with silver nanoparticles.  

 

4. OPTICAL CHARACTERIZATIONS AND SET OF MEASUREMENTS 
4.1 Objectives 

In this section, we want to point out the different optical characterization techniques, which can be used together in order 
to define completely the optical properties of thin film layers. If we want to develop accurate models to confirm or to 
predict our measurements, we need knowledge of basic optical parameters such as the optical index or the dielectric 
permittivity. These parameters can be linked with the absorption processes, and as we know from thin-film solar cells, 
can vary strongly with the deposition method. Also, the range of optical response of the material  (reflection, absorption, 
transmission) will be an important parameter for the design of the layer. All of these values can be obtained with a 
combination of spectroscopic ellipsometry (SE) measurements of the optical indices and spectrophotometric 
measurements of the R, T, and A (reflectance, transmittance, and absorption) spectra. 

Obviously, to be quite precise, a complete study of a thin film layer should include at least structural techniques (e.g., 
electronic microscopy, x-ray scattering, ultraviolet photoelectron spectroscopy, and atomic force microscopy) and for 
thin film solar cells, electrical techniques (e.g., conductance measurements, Hall effect, and deep-level transient 
spectroscopy), which also contribute to the improved elaboration of the layers. For instance, a conductive-Atomic Force 
Microscopy with possibility of realizing Kelvin Probe-AFM measurements in dark and under light bias of different 
wavelengths could help to understand the impact of the structure in both optical and electrical behavior at the 
microscopic level. 

In this paper we focus our attention on optical measurements but we should keep in mind to discuss electrical 
measurements which lead to a better understanding of the whole behavior of a material or a device. 

 

4.2 Ellipsometry 

The spectroscopic ellipsometry (SE) is an optical technique used for surface and thin film analysis. SE is a very efficient 
tool to determine the optical indices of bulk materials and materials in thin-film form (n and k). The ellipsometric 
measurements consist in measuring the change in polarization after reflection on a flat surface, and what we get are the 
two ellipsometric parameters (tanΨ and cosΔ). These latter are thus extracted from the ratio between the Fresnel 
coefficients in p-polarization (rp) and in s-polarization (rs), which can be formulated as follows: 

rp

rp

= tanΨeiΔ       (1)  

where tan(Ψ) = |rp|/|rs| represents the relative amplitude attenuation and Δ = arg(rp) − arg(rs) is the phase shift between 
the p- and s-polarizations. A dispersion model is then elaborated to determine the dielectric constant of the materials (ε = 
ε1 + i*ε2). The absorption (A) of the layer is thus predicted thanks to a transfer matrix method (TMM) and using optical 
indices (n and k) extracted from variable angles SE, and finally A is compared to the A deduced from reflectance (R) and 
transmittance (T) measurements. For thin films of new materials, or thin films with nanoparticles, this study is very 
challenging because of the anisotropy of the layer and/or the surface roughness. To be sure of getting the correct indices,  
it is possible to incorporate a surface roughness correction using a Bruggeman effective medium approximation (EMA) 
to add a surface roughness correction using a two-layer model. 

In addition, such method is generally limited by the accurate calibration of the optical instruments. This could lead to 
important discrepancies between the measured absorption spectra and the predicted ones from the ellipsometric results 
assuming an isotropic model. The optical indices can thus serve as input parameters to model the optical performances of 
thin-film, but are also of high interest for the extraction of information on the electronic properties of the materials. 
Indeed SE is of high interest not only for nondestructive measurements of thicknesses and optical indices but also for 
nondestructive measurements of the electronic transitions in materials within thin-film stacks [12].  
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4.3 Photoluminescence and Photoreflectance 

Photoluminescence (PL) and/or photoreflectance (PR) measurements are useful for studying the electronic levels inside 
the layers. More, the combination of photoluminescence technique with photoreflectance technique can be employed for 
the analysis of the different layers of ultrathin devices, and in particular the simultaneous determination of their 
fundamental transitions and related default.  

Photoluminescence spectroscopy provides information about the structure of each layer, e.g. analysis of optical 
transitions inside the band of the material. PL mapping also brings light into possible inhomogeneity related with the 
advanced structure of the devices. PL measurements can be done at different temperature, especially at low temperature, 
and with different excitation wavelengths for the analysis of optical confinements and other optical phenomena related to 
the structure of the thin films. The PL technique investigates the emission of light from a solid due to the deviation of the 
system from the thermal equilibrium. It particularly relates to the deviation of the equilibrium via the absorption of light 
with energy higher than the bandgap of the material. The measurement we get is due to both the relaxation of electrons 
to lower energy states and the simultaneous emission of photons. We have to notice that not all the possible relaxation 
processes will generate photons, since the transition should be dipole-allowed for a successful photon emission to occur. 
Among them, there is a set of different transitions that are possible to see in a semiconductor used in photovoltaics (these 
transitions are presented in Fig. 4) [13].  

 
Figure 4. Schematic representation of the different origins of transitions that can be observed by photoluminescence 
measurements. From left to right the free (FX) and bound (FB) excitonic transitions, the free-bound transitions (p-D0 and 
e-A0), the DAP and the BB transitions) [14]. 

For obtaining the bandgap of any semiconductor, the most precise technique is the photoreflectance. With this technique 
we can also see interband transitions in the range of measurements. Indeed, from photoreflectance measurements it is 
possible to analyze the band configuration at the interface, by measuring the fundamental optical transitions. As the band 
structure of any semiconductor is very sensitive to modifications such as diffusion or structural strains, this technique 
permits to detect possible interplaying of the cell structure in the basic properties of an absorber and thus, the 
performance of a solar cell.  While PL is a technique that studies the interaction between the semiconductor and light, 
and needs a minimal amount of material to provide an interpretable signal, reflectance-based techniques exploit the 
sudden variation of the optical indices at an interface. This means that they are much more sensitive to small quantities 
of material and can bring information on what is really happening at the interface between two different materials. PR 
belongs to the family of modulated reflectance techniques such as electroreflectance or piezoreflectance. The main 
advantage of PR is that, as it uses an optical modulation, the whole setup is optics based, and does not require any 
previous preparation of the sample for analysis such as contact deposition [15, 16]. 

 

5. OPTICAL STUDY OF HETEROGENEOUS THIN FILMS 
 

In this last section, we propose to show some examples of optical studies made on our samples, which have been 
presented in section 3. Our objective is to highlight the accuracy of our measurements and the link with at first the 
optical behavior of the material but also with the structural properties of some of them and with the performances of the 
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0 2.35 1.4 2.27(3)

0.25 1.72 1.58 2.19(3)

0.5 1.74 1.66 1.88(5)

0.75 1.68 1.55 1.64(5)

1 1.61 1.33 1.57(2)

device. These results are not exhaustive, and the choice that we did for this paper can be extended to a large panel of 
structures which could be tested. 

5.1 Photoluminescence and Photoreflectance of thin film solar cells 

As discussed in section 3, the bandgap of the perovskite material is tunable between 1,57 eV and 2,3 eV, depending on 
the stoichiometry of the layer, which is of great interest for multijunctions solar cells. Regardless of the deposition 
method of the perovskite, we must validate the energy gap depending on the composition of the layer, including the ratio 
I / Br. The combination between photoluminescence and photoreflectance measurements, is a very powerful tool by 
providing a very accurate measurement of the fundamental optical band gap of the semiconductor.  

The figure 5 presents a study both by PL and PR of organo-metallic perovskites, CH3NH3PbClx(IyBr1-y)3-x,  with 
different I/Br ratios. The dotted lines of the same color as the PL peak indicate the band gap position calculated from PR 
spectra.  On the right, a summary table with the PL peak positions, the PR bandgaps calculated from measurements and 
the k values from the PL power dependence study for all the compositions [17]. 

While the PL peaks are all red shifted and very near to the pure iodine peak, the PR bandgap position follow the 
expected distribution. The values in the table, show the differences between the PL maximum position and the PR 
bandgap. The reason for the shifting of the PL spectra is not yet clear. A discussion must be held on the PL 
measurements and on the transitions, which occur in these samples.  Some Raman spectra measurements could help us 
on this study and for the simultaneous analysis of their fundamental and defect related transitions. 

 
Figure 5. PL peaks for different I/Br ratios in CH3NH3PbClx(IyBr1-y)3-x [14].  

Proc. of SPIE Vol. 9929  99290I-7

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 10/01/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx



A PR study o
origin of the
conditions, an
low and a hig
Raman scatte
with better JS
in the chalcop

 

Figure 6. 
(right, top

 

5.2 Ellipsom

 

Here, we pre
interesting to
not so compl
materials or s

The first exam
material. In o
which propos
the figure 7, a
appropriate fi
is also repre
simulations d
mechanical p
spectra which
films. 

 

on CIS solar c
e current den
nd can be com
gh JSC device,
ering of these 
SC, leading to 
pyrite phase C

PR spectra of a
p) that originate

metric study o

esent differen
ool to set the t
licated, the m
surfaces (roug

mple concerns
our case, we w
se bandgaps w
are obtained u

fits to the data
sented (on bo
done by TMM
profilometer, a
h demonstrate

cells is presen
nsity (JSC) dev
mpared with st
, the resulting
layers we ob
the conclusio

CIS (CH), imp

a high Jsc and lo
es from strain in

of thin film  

nt ellipsometr
thickness and 

model that is u
gh or photonic

s a hybrid lay
work on a bulk
within the spe
using Tauc-Lo
a. On this figu
ottom of the 
M using the 
as input param
es the reliabil

nted in the fig
viations in a 
tructural and e
 transitions ar
serve that sm

on that having 
proving their tr

ow Jsc CIS sola
n the material re

ric studies on
the optical in

used for fitting
). 

yer made of a 
k heterojuncti

ectral range of
orentz models 
ure, the reflect

figure). A co
optical indic

meters. We ca
lity of these o

ure 6. These P
set of CuIn

electrical char
re different, a
all fractions o
small amoun

ransport prope

ar cell, showing
elated with the p

n different th
ndices (n and 
g the values c

blend betwee
ion in ZnO an
f the ellipsom
[19]. The val

tion [R(λ)] an
omparison is 
ces presented
an see a good
optical indices

PR measurem
nS2/CdS solar
racterizations 
s it can be ob

of the CIS Cu
nts of this defe
erties.  

g the splitting o
presence of Cu-

hin film. As 
k) of a layer.

can become q

n an inorgani
nd P3HT (poly

meter. The opti
ues of the cor

nd the transmi
made betwe

d before and 
d agreement b
s n and k to p

ments can be p
r cells fabric
[18]. When PR

bserved in Fig
u-Au phase (C
ective phase h

 
f the valence ba
-Au regions. [1

presented be
. However, al
quickly difficu

c semiconduc
y(3-hexylthiop
ical indices n 
rrelation coeff
ssion [T(λ)] s
en these mea
the film thic

between the ca
predict the re

performed for 
ated in the s
R spectra are 

gure 6. By stud
CA) appears fo
helps to minim

and for the low 
8] 

efore, this tec
lthough the m
ult in the case

ctor material a
phene-2,5-diy
and k, presen

ficients of thes
spectra for P3H
asurements an
cknesse meas
alculated and 

eal optical pro

analyzing the
same nomina
obtained for a
dying also the
or the samples
mize the strain

Jsc values 

chnique is an
measurement is

e of particular

and an organic
yl)) (ratio 2:1)
nted on top of
se fits indicate
HT:ZnO (1:2)
nd the optica
sured using a
the measured

operties of the

e 
l 
a 
e 
s 
n 

n 
s 
r 

c 
, 
f 
e 
) 
l 
a 
d 
e 

Proc. of SPIE Vol. 9929  99290I-8

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 10/01/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx



P3M32tA (

500 600 7
Wavelength

P31rt:Ztq(1:21

NY orissVf1Yew.
I 500 600

Wavelength

(1:a)
i.0

o.e

0.6

0.!

0.];
00 B00

0.0
(nm)

100 800 900
Inm)

Figure 7. Top 
(Inset is a pict
simulations of 

Recently, a st
function of or
study, Gauss
specifically to
electron–phon
measurement
PC70BM, an
obtained from
potential of S

Figure 8.
model el

 

The last exa
nanoparticles
nanoprisms. T
nanoparticles
the extinction
broadening 1
matrix. The T
right, showin
confident on 

: Optical indic
ture of the sam
T (Δ) and R (O

tudy has show
rganic semico

sian oscillator
o model the a
non coupling
ts for PC70BM
nd some elec
m SE measure
SE measureme

. Imaginary par
aboration [12]. 

ample we pre
s embedded in
The ellipsome
s inside the po
n coefficient a
50 nm at wid

TMM method
ng the compar
the optical ind

es n (continuou
mple.) Down : C
O) for layers coa

wn that a sum 
onductors such
rs set from a
absorption lin
g in π-conjug
M in the UV–
tronic transit

ements and lite
ents for the de

rt of the PC70B
 

esent in this 
n PVP polyme
etric measurem
olymer and als
are shown on t
dth-half, which
d is used to ca
rison between 
dices found w

us lines) and k 
Comparisons be
ated on glass su

of Gaussian o
h as PC70BM

absorbance me
ne shape for o
gated molecu

–visible range.
ions. We fou
erature data. I

etermination o

BM organic mat

section, is re
er (thickness 
ments on this k
so due to a po
the figure 9 (o
h corresponds

alculate the re
this calculati

with our disper

(dotted lines) a
etween experim
ubstrates [20]. 

oscillators can
M ([6,6]-pheny

easurements,
organic semico
ules, electron
 The figure 8

und a very g
t demonstrate
f the optoelec

terial and Gauss

elated to an 
of hundred n
kind of hetero

ossible roughn
on the left). Th
s to the plasm
flection of the

ion and our sp
rsion model. 

as a function o
mental measurem

n be used to m
yl-C71-butyric

are used for
onductors. Th

nic transitions
shows the im

good agreeme
es the reliabilit
ctronic propert

sian oscillators 

optical study
anometers). T

ogeneous layer
ness of the lay
he k coefficien

monic resonan
e layer from e
pectrophotome

 
f the waveleng
ments of T (-) 

model the ima
c acid methyl 
r the dispersio
hanks to its su
s can be ext

maginary part o
ent between e
ty of the dispe
ties of materia

 
which have bee

y performed o
The nanopartic
r are not so ea

yer surface. Bo
nt presents a l
ce of the nano
ellipsometric r
etric measurem

gth λ for P3HT:
and R (. . . ) a

aginary part of
ester) [12]. In
on model ela
uitability to d
tracted from 
of the dielectr
electronic tran
ersion model a
als.  

en used for the 

on a thin film
cles are under
asy, due to the
oth the refract
large peak at 7
oprisms insid
results. The f
ment, allows 

:ZnO (1:2) 
and optical 

f the dielectric
n ellipsometric
aboration, and
escribe strong
ellipsometric

ric constant of
nsition values
and shows the

dispersion 

m of metallic
r the shape of
e dispersion of
tive index and
700 nm with a

de the polymer
figure 9, at the
us to be more

c 
c 
d 
g 
c 
f 
s 
e 

c 
f 
f 
d 
a 
r 
e 
e 

Proc. of SPIE Vol. 9929  99290I-9

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 10/01/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx



1,600

1,595-

1,585-

Ellipsometric measurements I

1,575-

1,570
400 600

1(nm)

700

0,012

0,010

0,008

0,008

0,004

0,002

0,000

CC

(b)
100

Ia0nn 80

Solar cells based on TDPTD:PC60BM

SO

60

< 40

20 H Planar solar cellti Structured solar cell

400 450 500 550 600 650 700
lambda lnm)

750

  
Figure 9. Left : Ellipsometric measurements on heterogeneous layer made of metallic nanoparticles embedded in PVP polymer. 
Right : Reflection spectrum measured and calculated by TMM thanks to ellipsometric measurements.  

5.3 Photonic crystals for light trapping in Organic Solar Cells   

In order to control the light inside a solar cell, some photonic structures can be added to the device. Here, we present the 
possibility to introduce photonic crystals inside an Organic Solar Cell (OSC), to improve the absorption of cell. This 
work is based on the modeling of the active layer under the shape of a photonic crystal slab. The structure modeled is 
presented on the figure 10, and consists of a stack of thin film layers, plus a double patterning of the active layer.  Finite 
Difference Time Domain (FDTD) modeling have been used for calculating the photonic absorption spectra of two 
different structures, one planar and the other one with the photonic crystal slab. The figure 10 shows that the PC 
patterning boosts the absorption of the OSC, due to a Bloch mode coupling with a peak at λ = 704 nm. 

Several modeling at different angles were also done, showing that it is possible to obtain multiple Bloch resonances in 
the case of a large incidence cone. And finally, an absorption gain of around 15 %, with an 8° incident angle cone, using 
a PC was obtained [5]. 

 
Figure 10. Left : Organic solar cell with a double photonic crystal patterning. Right : Absorption spectra for two different 
OSC structures (extracted from [5]). 

 

5.4 Color predicting in Organic Solar Cells  

The results presented in this part concern color and performance investigations of an organic solar cell, with 
PTB7:PC70BM as the active layer.  The objective is to design solar cell with color specifications, still maintaining good 
performances, i.e. efficiency at the state of the art. 

This study is based on a classical architecture of an OSC (see figure 11, on the left), which is a stack of thin film layers. 
The whole structure is optimized in terms of thickness of each layer, in order to control the interferential phenomena 
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