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High Magnetic Field Amplification for Improving
the Sensitivity of Hall Sensors
Paul Leroy, Christophe Coillot, Alain Roux and Gérard Chanteur

Abstract— This paper describes the design of two magnetic
concentrators that can be used to intensify the magnetic field in
the active region of magnetic sensors, such as Hall sensors.The
literature provides many examplesof magnetic amplification, but
magnetic gains never exceed 100 typically [1], [2]. We demon-
strate that a larger magnetic field amplification (∼ 1000 and even
higher) can be achieved. Magnetic field amplification can even
exceed the theoretical value fixed by the relative permeability of
the material. Thus the effective sensitivity of Hall sensors can be
improved by at least three orders of magnitude by implementing
them inside an especially tailored magnetic concentrator ;noise-
equivalent magnetic induction spectral density (NEMI spectral
density) down to 10 pT/

√
Hz should be reached, using a good

conditioning electronic.

Index Terms— Hall sensors, magnetometers, magnetic ampli-
fication.

NOMENCLATURE

kB Boltzmann constant (1.28 × 10−23),
T temperature[◦K],
R input resistance of the sensor[Ω],
H magnetic field[A.m−1],
H0 initial magnetic field[A.m−1],
HD demagnetizing field[A.m−1],
B magnetic induction[T ],
B0 initial magnetic induction[T ],
µ0 vacuum permeability (4π × 10−7),
µ true permeabilityB

H
,

µr relative permeabilityµr = µ
µ0

,
Gmagnetic magnetic gainB

B0

,
M magnetization[A.m−1],
SA absolute sensitivity[V/T ],
SNEMI noise-equivalent magnetic induction spectral den-

sity [T/
√

Hz],
m length to diameter ratio of a cylinder of lengthl

and diameterd.

INTRODUCTION

The present study is motivated by the need to develop
magnetometers with a broad frequency coverage, and light
weight, to measure weak magnetic fields in space. The static
magnetic field at the orbit of scientific spacecrafts varies
between a fewnT to a few µT depending on orbits. Thus,
we will neglect magnetic material aspects like saturation and
remanence. In the case of a magnetic shock, many spacecraft
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are carrying a special equipment which is able to suppress
possible remanence effects [3].

Here, we investigate wide band magnetometers obtained
by combining Hall effect sensors with especially tailored
magnetic flux concentrators.

Hall sensor is one of the most popular DC magnetic field
sensors, thanks to its low cost and good performances. For
some applications, however, theresolution is not sufficient.
Thus it has been proposed recently to use planar magnetic
cores [1], or an especially tailored micro-system [4], to im-
prove theresolutionof Hall sensors.

In the present paper we investigate the geometrical con-
ditions controling the magnetic amplification and carry out
numerical modeling to help design efficient magnetic concen-
trators. It is shown that especially tailored concentrators can
reach unexpectedly high magnetic amplification.

The absolute sensitivity [5] of a Hall magnetic sensor is its
transduction ratio for large signals

SA =

∣
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∣

∣

VH

B

∣

∣

∣

∣

(1)

whereVH is the Hall voltage, andB is the component of
the magnetic induction.

The noise-equivalent magnetic induction spectral density
(NEMI spectral density)is generally defined as output noise
NVH

to absolute sensitivity ratio [5]

SNEMI(f) =
NVH

(f)

SA

. (2)

The smaller the NEMI spectral density is, the smaller
the magnetic induction that the sensor can detect is. Seeing
equation (2), all things being equal, there are two strategies to
improve theresolution of a Hall sensor:

• reduce the output noise, for example with a good con-
dioning of the electronic ;

• increase the amplification ratio between the physical
signal, in our case the magnetic field, and the measured
signal, without adding any additional noise.

For Hall effect sensors, the output noiseNVH
presented in Fig.

1 can be separated in two terms

NVH
= NLF

VH
+ N th

VH
(3)

= αf−β + 4kBTR (4)

where NLF
VH

is the low frequency noise andN th
VH

is the
thermal noise.αf−β is a frequency dependent term, whereα
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andβ are coefficients which depend on the Hall effect sensor
[5].

Fig. 1. Sketch of a typical noise spectral densityNVH
at the output of a Hall

device, as a function of the frequencyf . NLF
VH

andNth
VH

are the contributions

of 1

f
noise and thermal noise, respectively.fc is the corner frequency.

Low frequency noise cancellation is achievable by several
methods : let us quote the spinning current method [5], [6].

In any case, the bestresolutionwhich can be obtained is
limited by the thermal noise.

Another way to improve theresolutionof a sensor is to
amplify the magnetic field in the active region of the sensor.
Indeed, the overallNEMI spectral densityof a sensor located
inside a magnetic material can be written

SNEMI =
Nout

Gmagnetic.SA.Gelectronic

(5)

whereGelectronic is the gain of the conditioning electronic,
andNout is the output noise of the whole system.

Thenimprovementof theresolutioncan be achieved from a
high magnetic amplificationGmagnetic. Such an amplification
can be obtained with magnetic concentrators.

The magnetic sensor can be placed between two concentra-
tors in ferromagnetic material (Fig. 2). It can also be placed
near the gap but under the concentrators as proposed initially
by Blanchard et al. in [7], and also in [1], [2](Fig. 3).

Fig. 2. Classical configuration where a Hall sensor is fitted in the narrow
air gap between two ferromagnetic cores.

Despite of the limitation of the first solution by the width
of the chip, we have focused on it.

As discussed later, studies have already been made on
similar subjects [8], yet none has proposed a method to achieve
a magnetic amplification as large as the one obtained here.
Indeed, we show that the magnetic amplification can be larger

Fig. 3. Configuration where the sensor is in the peripheries of two magnetic
cores separated by an air gap. In practice, magnetic flux lines leakage pass
through the sensor.

than the relative permeability of the ferromagnetic material
used to make the cores.

First, we will discuss physical considerations related with
magnetic amplification. In the second part, numerical simula-
tions are carried out. A physical explanation is proposed for
the magnetic amplification and suggestions about the design
are made.

I. PHYSICAL CONSIDERATIONS ON MAGNETIC

AMPLIFICATION

For a ferromagnetic body immersed into an uniform external
magnetic fieldH0, the magnetic fieldH inside the material
differs in magnitude from the applied field and varies in
direction in a complex manner. A magnetizationM, which
modifies the value of the magnetic field inside the material,
develops.

The difference between the external field and the true field
inside the material is called the demagnetizing fieldHD,
HD = H−H0 (see [9] for details about physical equations).

The system is looped : indeed, the initial magnetic field
H0 is at the origin of the magnetizationM which in turn
modifies the value of the total magnetic fieldH, by adding
the demagnetizing componentHD.

In an homogenous and linear material

M = [χ]H (6)

where[χ] is the matrix of susceptibility.

In an homogenous, linear and isotropic material

M = χH (7)

whereχ is a scalar.

In some very particular situations the link betweenHD and
M is simple.

Let us focus on the example of an uniformly magnetized
ellipsoid [10]. The demagnetizing field and the magnetization
are linked by the following relation, valid in the entire ellipsoid

HD = −[N ]M (8)

where[N ] is the demagnetizing coefficients tensor.
The value ofHD entirely depends on the geometry of the

ferromagnetic material.
Inside the ellipsoid,[N ] takes a simple form
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[N ] =





Nx 0 0
0 Ny 0
0 0 Nz



 (9)

whereNi, with i = x, y, or z, is determined by

Ni =

a.b.c

2

∫

∞

0

ds
(

s + d2
i

√

(s + a2)(s + b2)(s + c2)
) (10)

with dx = a, dy = b, dz = c. It can be noticed thatNx +
Ny + Nz = 1.

a, b, and c are the lengths of the axis of the ellipsoid. In
the case of an ellipsoid of revolution, an analytical solution
for Ni exists in [9] and [11].

Hence, if the magnetization components and the lengths of
the axis of the ellipsoid are known,H can be calculated inside
the body.

For a linear, homogeneous, and isotropic material, we have

Hi = (H0)i − NiχHi (11)

with i = x, y, or z.
The magnetic field is uniform inside the ellipsoid.
One can use formula (12) for calculatingNx at the center

of a long cylindrical rods having an infinite permeability
(assuming that it is subjected to a magnetic field along its
principal axis)

Nx(m) =
4.02 log10(m) − 0.92

2m2
, m ≥ 10 (12)

wherem is the length to diameter ratio of the rod. One gets
: Nx(10) = 1.55 × 10−2, Nx(100) = 3.56 × 10−4.

In general cases, an electromagnetic simulation software is
needed, to compute the value ofH.

II. SIMULATIONS OF MAGNETIC AMPLIFICATION

As Hall sensors measure magnetic induction, we define the
magnetic gainGmagnetic as the ratio B

B0

, whereB0 is the
initial magnetic induction (B0 = µ0H0) to be measured and
B is the magnetic induction after its amplification by the flux
concentrators.

Simulations have been done with FLUX, a CEDRAT’S
software [12] ; an electromagnetic simulator based on a finite
element method. We have studied some axisymmetrical cases.

We have limited the external size of the system so as to
place it in a200 mm long cylinder with a20 mm diameter
(Fig. 4). This is dictated by instrumental constraints.

Fig. 4. Magnetic flux lines in a normal cylinder. When a high-permeability
soft ferromagnetic cylinder is subjected to an homogeneousmagnetic field
parallel with its axis, it concentrates the magnetic flux lines in itself. The
distribution shown of magnetic flux isovalues lines has beencomputed with
2D axisymetrical numerical simulation.

A. Simulations without air gap

1) Cylinder: Studies have been made byR. M. Bozorth [8]
to determine the influence of the geometry on the effective
permeability of magnetic materials. He has notably measured
the demagnetizing factor in cylindrical and ellipsoïdal samples.

In a rod, a relevent parameter is the length to diameter ratio.
The greater this ratio is, the closer the magnetic gain (B

B0

) is
from the relative permeability of the material (limm→∞

B

B0

=
µR, with χ = µR − 1).

Our simulations (see Fig. 5) fit well with Bozorth’s experi-
mental results.
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Fig. 5. Magnetic gain as a function of length to diameter ratio. The maximum
amplification depends on the material relative permeability.

The obvious conclusion that can be drawn from these
studies is : the amplification of magnetic induction inside a
cylindrical core can never exceed the relative permeability of
the material.

2) Narrowed cylinder: The second simulation series
presents a cylinder which has the same length as the former
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one but is narrowed in its central part (Fig. 6).

Fig. 6. Magnetic flux lines in a narrowed cylinder. In the narrowed area, it
occurs a real magnetic flux concentration.

We will show that such a particular geometry allows to
overcome the limit fixed by the relative permeability of the
material.

Let us consider the magnetic gain in thenarrowregion, in
the central part of the cylinder, as a function of the core radius.

At first sight, we can assume that the magnetic flux lines
are well guided by the ferromagnetic material, because the
relative permeability is much larger than that of the air (>100
in our simulations). Thus, we can apply the conservative flux
theorem, which states that magnetic flux integrated on a closed
surface is null. Assuming that the narrowed region is a flux
tube (see Fig. 7), we can write that

B1S1 = B2S2 (13)
B1

B0
=

S2

S1

B2

B0
(14)

Gmagnetic 1 = Gmagnetic 2
r2
2

r2
1

. (15)

Fig. 7. Magnetic flux conservation theorem applied to a flux tube. Assuming
that the relative material permeability is large compared with the air, magnetic
induction is parallel to the lateral surface of the tube.

a) Maximum gain: In the case of a rod, which is sub-
jected to an initial magnetic fieldH0 along its principal axis
notedx, a demagnetizing coefficientNx can be determinated.
Thus, using equation (11) we can compute the value of the
magnetic gain inside the ferromagnetic rod in the following
manner

Hx = H0 − NxχHx (16)

Hx(1 + Nxχ) = H0 (17)
µ

µ0

Hx

H0
=

µ

µ0

1

1 + Nxχ
(18)

Bx

B0
=

µR

1 + Nxχ
(19)

whereχ = µR − 1. We can deduce from the last equation
that Gmagn = µR

1+Nx(µR−1) . In the case of a high relative
permeability value,Gmagn = 1

Nx
.

Let us focus on the last formula. Using equation (12), we
can get an approximation for the demagnetizing coefficient
from which we can deduce the maximum magnetic gain value
: with m = 10, Gmagn = 65 and with m = 100, Gmagn =
2809. These are the maximum magnetic gains that can be
achieved, in an ideal case where the relative permeability is
infinite.

Narrowing the cylinder in its central part fromrinital to
rfinal, we concentrate the magnetic induction, as previously
discussed. Intuitively, the increase in magnetic gain should be
linked to the decrease in the section in the following manner

Gfinal =
r2
initial

r2
final

.Ginitial (20)

whereGinitial = µR

1+Nx(µR−1) , as discussed above.
The later formula will be used in the following section to

try to predict the value of the maximum magnetic gain we can
expect.

B. Simulations with air gap

1) Two cylinders: We have observed the results obtained
with a basic system of two cylindrical magnetic cores sepa-
rated by a thin vacuum region.

The magnetic flux lines are expending around the ends
of the cylinders and a non negligeable part of the expected
amplification is lost.

Fig. 8. A basic system of two cylindrical magnetic cores separated by a thin
slot. In this case, the magnetic amplification is limited by the permeability of
the material.

When the cylinder is divided into two cylinders, the maxi-
mum magnetic gain is still inside each resulting core : it results
in two maximums.

The cores are able to amplify the magnetic induction in the
air gap but not with a gain higher than the relative permeability
of the ferromagnetic material.
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2) Ring core with slot:Let us introduce a basic system : a
coiled magnetic ring core with a slot (see Fig. 9 for details).
Applying the Ampere theorem[9] to the system, we obtain

H.l = n.i (21)

B =
µ.n.i

l
(22)

wheren is the number of coil turns andi the current.

Fig. 9. Ferromagnetic ring core, of average lengthl, a) without and b) with
an air gap of lengthla ; c) flux conservation theorem application.

In the absence of permeable material,µ = µ0 and

B0 =
µ0.n.i

l
. (23)

Now, in the presence of a thin air gap in the core, assuming
that the magnetic field is homogeneous in the core and in the
gap (magnetic flux lines do not leak, neither from the core nor
from the air gap), we can write

Hc(l − la) + Hala = n.i (24)

Bc

(l − la)

µ
+ Ba

la
µ0

= n.i . (25)

Considering a flux tube, whith a surfaceSc inside the ring
and a surfaceSa in the air gap, we can apply the conservative
flux theorem to the magnetic induction. We obtainScBc =
SaBa, with Sc = Sa.

The induction in the ringBc equals the induction in the air
Ba and equation (25) becomes

Ba =
µ0.n.i

l
µr

+ la(1 − 1
µr

)
(26)

=
µr

1 + la
l
(µr − 1)

.
µ0.n.i

l
(27)

= Gmagnetic.B0 . (28)

Gmagnetic is maximum whenla → 0, its maximum isµr,
exactly as in the cylindrical case, whenm → ∞.

In the presence of an air gap, the magnetic gain is below
the relative permeability of the material. Nevertheless wewill
use the expression of the magnetic gain in the air gap of the
ring core,Gmagnetic = µr

1+ la

l
(µr−1)

, in the following section to

describe variations of the magnetic gain in a system constituted
by dual cylindrical cores ended bynarrowregions.

3) Twin cylinders ended bynarrow regions: The simulation
series presents the results obtained with a system of two cylin-
drical magnetic cores ended bynarrowregions and separated
by a thin vacuum region.

Fig. 10. An upgraded system where the two cylindrical magnetic cores are
ended by points, with an air gap length of100 µm. The points allow to obtain
a real amplification of the magnetic induction. As explainedin previous parts,
it produces a very high magnetic amplification.

a) Simulation results:The variations of the magnetic
gain in the air gap as a function of the ferromagnetic material
relative permeability shows that the effective magnetic gain
can exceed the relative permeability (Fig. 11).

If the relative permeability is very large, the magnetic gain
tends toward an asymptotical value.
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Fig. 11. Magnetic gain in the air gap, as a function of the relative
permeability. Different combinations of the core radius and the size of the
air gap are presented. An asymptotic value,Gasymptotic, of the magnetic
gain is found whenµ → ∞. Notice thatGmagnetic can be above the relative
permeability.
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If we compare the classical cylinder and the dual cylinders
with narrow regions, we can observe that in the first case,
the maximum magnetic gain is inside the core and cannot be
used to improve the sensitivity of a sensor. Conversely, the
dual cylinders ended by points can be used to amplify the
induction measured by a sensor located between the narrow
regions.

b) Physical model for the magnetic gain:We can use the
exemple of the ring core with a slot to try to extrapolate the
maximum magnetic gain we can expect.

Indeed, we can suppose that, for a small enough air gap
length, eq. (27) is valid.

Using the least squares method, we have fitted the values
from our simulations with a rational approximation function

1
a+bla

. One can see from Fig. 12 that such a function fits well
the magnetic gain.

Fig. 12. Magnetic gain in the air gap, as a function of the air gap length (core
radius10 mm, point radius0.5 mm, relative permeability 1000). Red squares
are values issued by the 2D simulator, the solid line is the approximation of
those values by a function as 1000

7.014 10−2+1167∗la
.

c) Maximum magnetic gain:We have compared the
extrapolated value of the magnetic gain when the air gap
vanishes, with the value found during the study of a narrowed
cylinder. The simulator can not describe cases where the air
gap length is too small (typically10 µm for our systems),
because it has a limited finite element size which has to be
smaller than the size of the air gap.

As the magnetic gain is not constant over the thinnest
section, we have calculated the average magnetic gain to
make a comparison between the simulated value and the value
predicted from eq. (20). The results are presented in table I.

4) Discussion on relevant parameters for design:
a) narrow region length: The narrowregions has to be

long enough to ensure the conservation of the flux. Under
this assumption, the behaviour of the magnetic induction
amplification is well described by a simple physical model
discussed in previous section.

b) Core length: The longer the core is, the higher the
magnetic gain is (see Fig. 5). The effect of this parameter is
asymptotical : above a certain length, it is not useful to further

TABLE I

COMPARISON BETWEEN THE SIMULATED, THE PREDICTED AND THE

EXTRAPOLATED VALUES OF THE MAXIMUM MAGNETIC GAIN IN A

NARROWED CYLINDER FOR DIFFERENT VALUES OF THE CORE RADIUS IN

THE CENTRAL PART(m = 10, DIAMETER 20 mm, LENGTH 200 mm,

µr = 100000).

Thinest radius [mm] 1 2 5
Simulation 5210 1360 231
Prediction 6411 1603 256

Extrapolation 6130 1510 246

increase it ; only a small increase in magnetic gain would be
obtained.

Length can be limited by the application.
c) Core radius:During the simulations, we have noticed

that there could exist an optimal radius for the concentrators.
We can try to sketch an explanation. The optimal core radius
has to satisfy two conflicting criterions :

• as mentionned earlier, the length to diameter ratio con-
trols the magnetic amplification of a simple cylinder. The
higher it is, the more amplification you can get inside the
cylinder. This can be maximized by reducing the core
radius and increasing the core length to the maximum
allowed by external constraints ;

• the diameter of the narrow region between the two cores
is limited by technical constraints and by the size of the
Hall sensor. Therefore a reduction in the cross section
of the main part of the core leads to a reduction in the
geometrical amplification.

d) Ferromagnetic material:Many types of magnetic ma-
terials can be used for the concentrators. Among high relative
permeability materials, let us quote ferrites [13] (µR ≈ 103 to
104) and magnetic irons [14], [15] (µR ≈ 104 to 106).

In the case of the present study, ferrites have the advantage
to be easy to shape by machining. Furthermore, their frequency
chracteristics allows us to consider high bandwith magnetome-
ters (up to a fewMHz) in comparison with magnetic irons
which are quite hard to shape and which have a bad behaviour
at high frequencies, due to eddy currents.

Hard mass constraints on a satellite load have also to be
taken into account. Ferrites have a density (∼ 4800 kg/m3)
weaker than magnetic irons (∼ 7800 kg/m3).

This study has shown that well shaped concentrators can
achieve a very high magnetic amplification at the level of the
sensor, even if they are note made of very high permeability
materials. In our case, the use of ferrites is of great interest al-
though they have a relative permeability weaker than magnetic
irons.

III. C ONCLUSION

In order to improve the sensitivity of magnetic sensors,
we suggest to implement them between especially tailored
magnetic concentrators. We have shown that two geometrical
effects are worth combining :

1) optimize the length to diameter ratio of the magnetic
core ;
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2) use a dual magnetic core, with two cylindrical cones, to
concentrate the magnetic flux onto the sensitive part of
the sensor.

Thanks to these geometrical effects, the usual limit fixed
by the relative permeability of the magnetic material can be
overcome.

Magnetic amplification is of great interest to improve the
sensitivity of magnetic sensors. Even if the size of a very thin
slot between two cores limit the amplification, the magnetic
amplification factor can improve the effective sensitivityby
almost three orders of magnitude.

Thus, the challenge of optimizing the geometry of the
magnetic concentrator is worth being taken up at the early
stage of the conception of the instrument.

Saturation

Measurement of weak magnetic field strength does not pose
any probleme, but problems of saturation of the ferromagnetic
material can appear in the case of relatively high strength
magnetic field measurement.

There are many ways to overcome them : for instance,
a looped system can be designed where the reaction chain
imposes a flux equals to zero in the magnetic sensor (Fig.
13). Thanks to a feedback coil, a feedback magnetic field can
be superimposed on the field initially present in the core so
as to cancel the total magnetic field acting on the active zone
of the Hall sensor.

In our field of knowledge (space magnetometry), magnetic
field to be measured are sufficiently weak, typically a fewnT
to a fewµT , to use such a technique.

Fig. 13. In case of ferromagnetic material saturation, one could design
a looped system which imposes a magnetic field strength equalto zero in
the air gap. The feedback field could be obtained bywinding the magnetic
concentrators.
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new type of wide bandwith magnetometer.

Christophe Coillot was born in Choisy le Roi,
France, in 1971. He received the Ph.D degree
in electronics from the University of Montpellier,
France, in 1999.

In 2001, he joined the Centre d’étude des Environ-
nements Terrestre et planétaires (CETP) as Research
Engineer to manage magnetometer instrument de-
sign for spatial experiments and to participate to the
research activity of CETP in magnetometry.

He is currently involved in some spacecraft exper-
iments, the two famous one are : Bepicolombo for

Mercury environment and THEMIS for earth environment.
His field of interest concerns low noise and low power consumption
preamplifier, search coil improvment througth modeling andoptimization,

and more recently : AMR and Hall effect sensors.
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Alain F. Roux was born in Paris, in 1943, and
obtained a Doctorat d’Etat in 1975. He started his
career as a theoretician in plasma physics, working
in a fusion laboratory (CEA/Fontenay-aux-Roses),
on non-linear plasma physics. After a few years
there he moved to space plasma physics, combin-
ing theory and data interpretation. Recently he has
been extensively working on dynamical events called
magnetospheric substorms.

He is now directeur de recherche de 1ère Classe at
Centre National de la Recherche Scientifique, work-

ing at Centre d’étude des Environnements Terrestre et Planétaires (CETP).
He has been proposing new space missions. In particular he was one of the
original proponents of the ESA-Cluster mission.

He is author or co-author of about 110 publications in refereed journals.
He has been lecturing at Paris University, in plasma physicsand astrophysics,
and he has supervised about 10 PhD thesis.

Gérard M. Chanteur was born in Lyon, in 1949,
and graduated in physics from Ecole Normale
Supérieure de Saint Cloud in 1974( NB ENS Saint
Cloud is now known as ENS Lyon after it moved
there).

Working in space physics since 1975 he has
studied instabilities and solitary waves in plasmas.
Involved in numerical simulation of space plasmas
he has done particle in cell, MHD and hybrid sim-
ulations. Co-I of the CLUSTER/STAFF experiment
he has designed theoretical methods of data analysis

for multi-spacecraft missions. Since 1998 he has started activities in planetary
physics both as Co-I on BepiColombo/MMO and as computer physicist
designing three-dimensional hybrid simulation models forthe global plasma
environment of small planets.

Senior scientist at CNRS since 1997 he is author or co-authorof about
40 publications in refereed journals. He has been lecturingcomputational
methods at Versailles University and supervised 3 PhD thesis in space plasma
physics and applied mathematics.



Notes des Activités Instrumentales

Contact :Jean Jouzel, Directeur de l’IPSL

Présentation de l’IPSL : IPSL overview :
• L’Institut Pierre-Simon Laplace (IPSL) est une fédéra-
tion de recherche qui regroupe six laboratoires en région
francilienne (CETP, LBCM, LSCE, LMD, LODYC, SA).

• The Institut Pierre-Simon Laplace (IPSL) is a federa-
tive research institute that gathers six laboratories in the
Paris area (CETP, LBCM, LSCE, LMD, LODYC, SA).

• L’IPSL est sous la tutelle conjointe du Centre Natio-
nal de la Recherche Scientifique, des Universités Pierre
et Marie Curie et Versailles Saint-Quentin, du Commis-
sariat à l’Energie Atomique, de l’Institut de Recherche
pour le Développement, de l’Ecole Normale Supérieure
et de l’Ecole Polytechnique.

• IPSL is under the joint tutorship of CNRS (France’s
major basic-research organization), CEA (France’s ato-
mic energy research center), IRD (France’s cooperative
research and development agency) and France’s four lea-
ding institutions of higher learning in the sciences : Uni-
versity Pierre et Marie Curie, University Versailles Saint-
Quentin, Ecole Normale Supérieure and Ecole Polytech-
nique.

• L’IPSL remplit une triple mission de recherche, d’en-
seignement et de service d’observation. L’étude des diffé-
rentes composantes de l’environnement terrestre (océan,
atmosphère, biosphère, cryosphère, surfaces continen-
tales) constitue l’objectif central de recherche de l’IPSL.
Cette étude va de l’échelle locale à l’échelle globale, elle
concerne l’évolution passée et future de la planète Terre,
l’étude de l’environnement ionisé de la Terre et celle des
environnements planétaires. Elle se fonde sur une ap-
proche incluant développements expérimentaux, obser-
vation et modélisation.

• The missions of IPSL include research, teaching and
scientific monitoring. The research programmes conduc-
ted within the Institute include the study of the main com-
ponents of the Earth’s environment from the local to the
global scale (ocean, atmosphere, biosphere, cryosphere,
continental surfaces). These research concern the past
and future evolution of the planet Earth, the study of
the ionised environment of the Earth and of planetary
atmospheres in the solar system. These scientific activi-
ties are based on experimental developments, observation
and modelling.

• L’IPSL et ses laboratoires sont rattachés aux Ecoles
Doctorales "̆aSciences de l’Environnement" et "Astro-
physique" d’Ile-de-France.

• The Institut Pierre-Simon Laplace and its laborato-
ries are part of the Graduate Schools "ăEnvironmental
Sciences" and "Astrophysics" of Ile-de-France.

IPSL - UPMC Case 102 IPSL - UVSQ
4, Place Jussieu 23, rue du Refuge
75252 Paris Cedex 05 - France 78035 Versailles - France

http ://www.ipsl.jussieu.fr

Laboratoires :
• Centre d’Etudes des Environnements Terrestre et Planétaires [CETP] http ://www.cetp.ipsl.fr
• Laboratoire de Biochimie et Chimie Marines [LBCM]
• Laboratoire des Sciences du Climat et de l’Environnement [LSCE] http ://www-lsce.cea.fr
• Laboratoire de Météorologie Dynamique [LMD] http ://www.lmd.jussieu.fr
• Laboratoire d’Océanographie Dynamique et de Climatologie [LODYC] http ://www.lodyc.jussieu.fr
• Service d’Aéronomie [SA] http ://www.aero.jussieu.fr


