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Abstract
Sunscreens are used as UV filters, in order to protect

people from sun damages. The sunscreen quality is given
by the sun protection factor (SPF), measured in vivo. In
order to avoid long and complicated tests, a quick and
simple in vitro method has been established, which gives
an approximation of the SPF. Going a little further, we
have elaborated a calculation method, using differential
method for solving Maxwell equations, which allow us to
know the transmission of light through sunscreen applied
on a substrate. We compared our results to an other
calculation method but also to in vitro measurements.

1 System studied
A sunblock is an emulsion of several phases, containing

many ingredients such as filters, emulsifier, solvent or
conservative. Filters are the main compounds that provide
the sunscreen efficiency. They are divided in two types:
the chemical ones (organic molecules that absorb UV light)
and inorganic particulates (such as TiO2) scattering UV
light.

The whole system is spread on the skin for in vivo tests.
In vitro, the sunscreen efficiency evaluation consists in the
measurement of the transmission of the cream applied on
a Polymethyl Methacrylate (PMMA) substrate [1].

The transmission measurements are highly
dependent on the distribution of the sunscreen on the
substrate [2,3]. In order to take into account this
distribution, we observe the samples by using an Optical
Coherence Tomography device [4] (Figure. 1). The PMMA
surface is metalized before the sunscreen deposition in
order to increase the optical contrast between the
sunscreen and the PMMA.

Figure 1 Optical Coherence Tomography device configuration
and example of one image

2 Simulation of the suncreen protection

2.1 The differential method
We choose to use, as our first calculation method, a

differential method to solve the Maxwell equations. This
method calculates the transmission of 2D structures [5].
We consider three areas (Figure. 2). The superstrate (the
air), above the cream, and the substrate below are
supposed to be homogenous, linear and isotropic.

Figure 2 Example of a matrix used in the differential method

Substantial differences can be observed depending on
the location on the image: the distribution and the quantity
of cream are not the same on all the areas on the PMMA
plate [6].  Here we can find some images obtained by OCT
device (Figure. 3).

Figure 3 15 figures from images of 55μm long of the OCT
device. The air is represented in blue, the sunscreen is white and
the substrate (the PMMA plate) the salmon color.

From the images on each area, we calculate the
transmission, and we keep the extinction of the mean
transmission as the relevant value. The extinction is
defined by Eq. (1) :

Extinction log( )T  (1)

where T is defined by Eq. (2) :

transmitted

T Eff  (2)
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Eff is the Poynting vector flux through a parallel surface of
the average plane of the structure divided by the incident
flux. The sum is taken over all the transmitted modes.

Given the sunscreen repartition on substrate and the
characteristics of the filters, we were able to compare our
simulated results to measurements and another model: the
Step-Film model (Figure. 4).

Figure 4 Left: Extinction of a chemical sunscreen. The dashed
and continuous red lines correspond to the step-film model (with
resp. the chemicals compounds degraded and not degraded). The
blue points correspond to the results of our electromagnetic
simulations. Right: Extinction of a physical sunscreen. The
green lines correspond to spectrometer measurements on two
different samples. The blue points correspond to the results of
our simulations. We choose to compare our simulations with
measurements because in this case the step-film model
(represented by the red line) did not match the measurements.

2.2 . Calculation model improvement
The method used is rather slow (it takes approximately

130 hours per wavelength) and it cannot be used to
anticipate every type of particles (metals cannot be taken
into account for example – because it’s a 2D method). In
order to improve our model that is to say to find faster
methods with a domain of validity more extended we
tried several techniques: scattering by a set of parallel
cylinder [7], Mie scattering [8] [9] or the finite element
method [10].

In order to do so, we have separated the influence of the
cream and the interface (Figure. 5)

Figure 5 Decomposition of the system in order to simplify our
model

3 Study of the influence of some parameters on
the UV protection

Using the electromagnetic model, we have been able to
study the impact of changes in the substrate (PMMA, skin
hydrate or dehydrate Figure. 6).

Figure 6 Extinction of two sunscreens applied on different
substrates

We also studied the influence of some of the particles
characteristics: diameters (Figure. 7), refractive index,
shape or distribution inside the sunscreen.

Figure 7 The same cream and particles with 3 different sizes. We
can note that as we put the same quantity of TiO2, the number
of particles varies a lot.
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