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Abstract
The interest of organic photo sensors to develop

efficient, cost effective and complex photo sensitive
geometries is investigated with the aim, in fine, to propose
innovative optical particle and particle systems
characterization methods. These investigations are carried
out with Monte Carlo simulations as well as laboratory
experiments.

1 Introduction
According to all experts OLED (organic light-emitting

diode) technology is close to fully revolution the lighting
sector. While lesser-known and developed, the technology
of Organic Photo Sensors (OPS, eg. [1]) is also rapidly
developing with promises of bringing totally new
solutions for our day-to-day life, for manufacturing
process control as well as for scientific instrumentation.

Metal-semiconductor photodetectors (Si, GeSi, PbSn,...)
offer fast and high sensitivity responses over a large
electromagnetic spectrum [2]. Nearly all sensors (APDs,
photomultipliers, CCD or C-MOS sensors) currently in use
for particle systems and flow diagnoses are based on
Silicon since the latter offers the best performances in the
visible range. However, the production of Silicon photo
sensors with large, complex-shaped and multiple
photosensitive area(s) is delicate and extremely costly. The
aforementioned limitations of the metal-semiconductor
technology are connected, among other reasons, to the
complex manufacturing process of the wafers as well as
their crystalline structure and mechanical properties.

On the other side, with organic photo sensors obtained
by a fully inkjet-printed process, one can expect to
produce, on demand, and for a reasonable price, arbitrary
sized and shaped photosensitive areas. Furthermore, these
plastic-like photosensitive films are conformable, so that
they can be bent, without a significant loss or performance,
down to curvature radiuses of few centimetres. Hower

In this communication, we present the work conducted
by a French industry/academic consortium, called
OPTIPAT, to develop innovative OPS based light
scattering methods to characterize [3-4] dilute to dense
particle systems encountered in industrial processes and
laboratory experiments.

Figure 1 Schematic of an (a) OPS based Multi-Angle Light
Scattering (MALS, or nephelometer) system for the
characterization of particles flowing inside a cylindrical
spectrophotometer cell; (b) Exemplify design of an OPS.

2 Material and method
At this step, and for confidentiality reasons, little can be

said on the photosensitive and electronics characteristics of
the OPS under development. However, in few words, they
are comparable to those of Silicon technology, except that
the response time of organic sensors is far inferior (about
tens of millisecond).

A Monte Carlo type code was developed to evaluate
and optimize the response of OPS when recording the
scattering diagrams of particle systems inside a cylindrical
spectrophotometer cell, see Figure 1 (a). To fully take
advantage of the conformable capabilities of OPS, optical
lenses are replaced by, and modelled as, pinhole lenses
and curved slits grouped on a thin optical mask, see Figure
1 (b). The latter mask was optimized for the sizing of small
to intermediate size particles (D=0.5-50µm) from the
analysis of the asymmetry parameter (e.g. [3-4]). This
Monte Carlo code allows taking account and investigating
many effects of interest like, among other things: the laser
beam profile, dimensions and inclination; the
contributions of higher order rays and internal reflections
within the cylinder; the effect of the cylinder curvature on
extinction measurements; the angular resolution of the
system and the validity of the remote sensing
approximations; the effective probe volume characteristics,
multiple scattering effects (e.g. [5]), etc.

To validate our numerical tools and models as well as
the concept of the proposed methods, an experimental
setup was developed and tested on various particle
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systems ranging from colloidal suspensions to gas-solid
particulate systems.

Figure 2 Monte Carlo simulation of the normalized distribution
of virtual photons scattered by an optically dilute aqueous
suspension of silica nanoparticles within a cylindrical
spectrophotometer cell. This 2D map corresponds to the detection
cylinder unfolded - when cylindro-conic slits are used to control
the angular resolution of the system. The red and dark blue areas
indicate where the nominal angular resolution is satisfied and
where the photons are totally filtered out.

3 Results and discussion
Figure 2 shows a typical scattering intensity map

corresponding to photons that have successfully passed
through a geometrically optimized optical mask and that
were collected onto an OPS film folded around a
cylindrical cell. For understandable reasons, the intensity
map is numerically unfolded onto a 2D plan. The red areas
correspond to regions where the collected photons satisfy
the desired angular resolution of cylindro-conic to circular
shaped photosensitive areas (see Figure 1 b).

By varying the shape and height of the photosensitive
areas, one can decrease by several orders of magnitude the
dynamics of the collected signals. Extensive simulations
show that with actual OPS printing technology, an angular
resolution of 1  throughout the full angular range is
easily achievable for a reasonable size of the whole system.
One other key advantage of OPS is that they allow
covering large angular ranges. Figure 2 presents numerical
predictions for the evolution of a light scattering intensity
based ratio (R) that is highly sensitive to the mean
diameter (D) of log-normal particle size distributions
(PSD). Basically, R is the ratio of the average intensity
collected in the first rainbow region over the intensity
collected near the forward diffraction zone. A rather good
agreement is found between Lorenz-Mie Theory (LMT)
and the Monte Carlo model, which both predict a simple
power law relation between R (quantity to be measured)
and D (quantity to be determined). However, the Monte

Carlo simulations account for many effects that are
neglected by LMT based model: arbitrary laser beam
shape and position, sensors photosensitivity, shape and
near-field location, false reflections at the pipe interfaces
and between the particles, etc. In fact, the agreement find
here is the result of a long optimization process of
essentially three key parameters: the laser beam waist, OPS
and optical masks distances and shapes. Nonetheless, the
LMT based model allows faster and more cost effective
estimation of D. In fact, the Monte Carlo calculations,
which are really more time consuming, should be reserved
to improve the final resolution on the PSD parameters.
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Figure 3 Numerical predictions for the evolution of a particular
light scattering intensity ration (R) versus the mean diameter of
an optically dilute flow of glass beads.
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