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Description

[0001] The present invention concerns a guided co-
herent atom source or matter-wave laser. The invention
also concerns an atomic interferometer which can be
used for inertial atom sensors.
[0002] Methods and apparatus have been developed
for manipulating atoms. US 5,274,232 describes an
"atomic fountain" wherein the atoms are initially trapped
in a magnetic trap and then launched vertically with a
controlled velocity.
[0003] The general principle of magnetic trapping for
cold atoms is known. Devices including permanent mag-
nets have been used to produce high density Bose-Ein-
stein Condensate (BEC). However, such devices do not
allow to cancel the magnetic field, so they do not enable
to extract atoms from the condensate.
[0004] Electromagnetic devices that produce magnet-
ic trapping of cold neutral atoms have also been devel-
oped. For example, EP 1130949 describes a ferromag-
netic structure with six-poles used to generate a trapping
magnetic field. This setup allows continuous or pulsed
operation with turn-off times of 100 ms. The electromag-
netic structure enables to adjust the magnetic fields pro-
duced by the various coils by adjusting the current flowing
through the coils. Such an electromagnetic device allows
to generate high density cold neutral atoms condensate.
[0005] A micro-chip comprising electric wires generat-
ing a magnetic potential for trapping cold atoms is de-
scribed in "Controlling cold atoms using nanofabricated
surfaces : Atom Chips" Folman et al. Phys. Rev. Letters,
V 84, N 20, p. 4749-4752, 2000. The atom chip is mount-
ed in a vacuum chamber with optical access for multiple
laser beams used to cool atoms and load them into the
electro-magnetic trap of the micro-chip.
[0006] Hybrid magneto-optic trapping of cold neutral
atoms has also been described (Guérin et al., Phys. Rev.
Lett., 97, 200402 (2006), noted [PRL 97] below) by su-
perimposing an optical laser beam (from a Nd:YAG laser,
λ = 1064 nm) to a magnetically trapped cold cloud of
87Rb atoms. Bose-Einstein Condensation is directly ob-
tained at the intersection of the magnetic trap with an
elongated optical trap.
[0007] After trapping, atoms can be released and
dropped or launched in order to create a guided atom
source. For use in atom interferometry, the atoms direc-
tion, velocity, and repetition rate must be extremely con-
trolled.
[0008] The general principle of a coherent guided atom
source, or "guided atom laser" in short, is also known.
The publication [PRL97] reports the realization of a guid-
ed quasicontiuous atom laser, where the coherent
source, i.e. the trapped BEC, and an optical waveguide
are merged together in a hybrid configuration of a mag-
netic loffe-Pritchard trap and a horizontally elongated far
off-resonance optical trap, constituting an atomic
waveguide. The BEC, in a state sensitive to both trapping
potentials (magnetic and optic), is submitted to an RF-

outcoupler yielding atoms in a state sensitive only to the
optical potential. The atoms are submitted to a repulsive
potential due to interactions with the BEC that give a first
kinetic energy to the atom beam. A coherent matter-wave
is thus extracted, and the atoms propagate along the
weak confining direction of the optical tweezer, resulting
in an atom laser. This guided 87Rb atom laser presents
a large and almost constant de Broglie wavelength ≥ 0.5
mm., with the atom-laser velocity ∼ 9 mm.s-1 and an atom
flux of 5 x 105 at.s-1.
[0009] The advantage of such an atom laser is to pro-
vide a coherent beam of atoms extracted from a magnetic
trap, wherein the atoms position and direction are well
defined in space due to the optical waveguide. The guid-
ed atom coherent source also enables to adjust the atoms
velocity, i.e. the atom laser wavelength, by adjusting the
laser focus and RF power. The atom laser thus formed
is equivalent to an optical laser source pigtailed to a fiber
optic, wherein photons propagate along the fiber optic
waveguide.
[0010] High precision inertial atom sensors in embed-
ded systems are desirable for land or underwater navi-
gation and geodesy. Another field of application is the
use of inertial atom sensors in microgravity or in space
for fundamental physics experiments or for inertial map-
ping.
[0011] Embedded inertial atom sensors would be im-
proved with a compact, portable guided coherent atom
source able to produce cold atoms with precise position,
emission direction, velocity, high repetition rate, and high
brilliance (flux x collimation) that was not available prior
to the invention.
[0012] As a matter of fact, the setup disclosed in [PRL
97] cannot be used to make a compact and portable in-
ertial sensor for various environments (navigation,
space...) because it uses electro-magnetic (ferromagnet-
ic structure) and optical components (Nd:YAG laser) that
are too bulky and energy-consuming to be embedded.
The magnetic structure power consumption is around a
few hundred Watts. The Nd:YAG laser output is around
2 W.
[0013] Besides, the setup disclosed in [PRL 97] does
not allow high rate repeatability, due to experimental im-
perfections. The setup long term stability is limited by
centering inaccuracy between the magnetic trap and op-
tical waveguide. For high precision atomic interferometry
applications, the atomic source must be positioned with
∼1mm precision.
[0014] Prior art atomic fountains propose setups where
atoms fall under gravity or are launched but with large
position and direction uncertainty. The difficulty for high
precision atomic interferometry lies not only in atoms
trapping, but also in injecting into a waveguide and guid-
ing them while maintaining coherency.
[0015] In order to miniaturize components for atom
sources, integrated magnetic traps have been disclosed
(for example see US7,126,112). Such magnetic traps
use electric wires deposited on a substrate that generate
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magnetic fields. US 7,126,112 reports the integration of
a microchip in a sealed vacuum chamber used to confine,
cool and manipulate cold atoms. The atom-chip is used
to create an electro-magnetic field and produce a 87Rb
BEC.
[0016] As outlined in US 7,126,112 (Col 6 L 5-7), chip-
scale atomic system require an unwieldy assembly of
electronic, optical and vacuum instrumentation.
US7126112 simplifies the vacuum system for BEC atom
chip, by sealing the atom chip into the wall of a vacuum
chamber. This vacuum chamber includes optical access
for external light beams coming from UV lamps. A silver
mirror can be transferred to the chip surface to create a
MOT. However, such an optical beam is not sufficient for
confining and guiding atoms. The device disclosed in
US7126112 does not show how to couple and align the
magnetic trap and the optical beam, and it does not form
an atom laser. This device does not allow efficient atoms
extraction for interferometry. Even if the system disclosed
in US7126112 is more compact than previous system
using solid ferromagnetic structures, it is still too bulky
for embedded sensors. In addition, it does not solve the
difficulty in alignment between the magnetic trap and the
optical waveguide.
[0017] It is an object of the invention to propose a com-
pact, light-weight, low energy-consuming coherent guid-
ed atom source, that provides cold atoms having preci-
sion controlled and adjustable position, direction and ve-
locity at a high repeatability rate.
[0018] The guided coherent atom source according to
the invention solves these difficulties by integrating onto
a same substrate an electro-magnetic micro-chip and a
solid-state laser source.
[0019] Concerning the application to cold-atom inter-
ferometry, prior art coherent atom sources provide insuf-
ficient measurement repetition rate. In addition, high gra-
dient magnetic fields from bulk ferromagnetic trap struc-
tures induce perturbations that prevent high precision
measurements.
The atom source of the invention is compact enough so
that coherent atoms can be used away from the magnetic
trap, without being perturbed by residual magnetic fields.
The atom source of the invention provides high repetition
rate atom laser production thus allowing high precision
interferometry measurements.
[0020] The invention concerns a guided coherent atom
source comprising :

- means for generating neutral atoms in a gaseous
state ;

- means for cooling the atom gas ;
- means for generating a magnetic field, comprising

an electro-magnetic micro-chip deposited on a sur-
face of a substrate, and capable of condensing the
atoms in a magnetic trap ;

- means for generating an electro-magnetic RF field
capable of extracting the condensed atoms ;

- optical means arranged to emit and direct an optical

coherent beam toward the condensed atoms and
guide the condensed atoms,

characterized in that

- the optical means and the electro-magnetic micro-
chip are integrated onto the same substrate.

In various embodiments the invention also concerns the
following features, that can be considered alone or ac-
cording to all possible technical combinations and each
bring specific advantages :

- the electro-magnetic micro-chip and the optical
means are located one relatively to the other to en-
sure built-in intersection of the magnetic trap and of
the optical waveguide,

- the axis of the optical coherent beam is centered
onto the magnetic trap for condensed atoms,

- the emission axis of the optical coherent beam is
transverse with respect to the substrate surface
bearing the electro-magnetic micro-chip,

- the emission axis of the optical coherent beam is
paralell to the substrate surface bearing the electro-
magnetic micro-chip,

- the optical means comprise a diode laser,
- the optical means comprise a vertical cavity surface

emitting laser (or VCSEL),
- the optical means include a microlens for directing

the optical coherent beam,
- the substrate surface comprises an optical coating

that is able to reflect at the trapping wavelength for
« hot » atoms and that is transparent at the wave-
length of the optical coherent beam,

- the atoms are chosen among the alkaline or alkaline
earths or rare earths atoms,

- the atoms are 87Rb atoms,
- the means for generating a magnetic field comprise

means for generating a permanent magnetic field,
- the means for generating a permanent magnetic field

comprise a magnetic layer integrated into the sub-
strate,

- the electro-magnetic micro-chip comprises electri-
cally conductive wires in a shape chosen from Z
-shape, U-shape, double Z-shape, and/or concentric
circles,

- the electro-magnetic micro-chip comprises multilay-
er electrically conductive wires.

The invention also concerns an atomic interferometer
comprising :

- at least one coherent guided atom source as recited
above, and

- means for generating optical beams arranged to cre-
ate Bragg or Raman-type wavepacket manipulation
of the atoms from the said guided coherent atom
source.
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[0021] The above description is given as an example
of the invention but can have various embodiments that
will be better understood when referring to the following
figures :

- figure 1 represents a first embodiment of a guided
coherent atom source according to the invention us-
ing a diode laser ;

- figure 2A represents in top view and figure 2B in side
view the same embodiment of atom laser represent-
ed in figure 1 ;

- figure 3A represents in top view and figure 3B in side
view another embodiment of an atom laser according
to the invention using a diode laser and a Z-shape
electro-magnetic circuit, where the diode laser axis
is transverse with respect to the main Z branch ;

- figure 4 represents in perspective view a third em-
bodiment of a guided coherent atom source accord-
ing to the invention using a Vertical Cavity Surface
Emitting Laser (VCSEL) ;

- figure 5A represents in top view and figure 5B in side
view the same embodiment of atom laser represent-
ed in figure 4 ;

- figure 6 represents an atomic interferometer accord-
ing to the invention;

- figure 7 represents a multiple atomic interferometer
configuration according to the invention ;

- figure 8 represents an atomic interferometer with
multiple atom laser source ;

- figures 9A and 9B represent an atomic source ac-
cording to the invention, coupled to a planar optical
waveguide for improved interferometer configura-
tion, for example to be used in an atom gyroscope.

[0022] Figure 1 is a schematic representation of a guid-
ed coherent atom source according to the present inven-
tion.
This guided coherent atom source 1 comprises means
for generating neutral atoms in a gaseous state (not
shown in Fig. 1) and means for cooling the atoms gas
(not shown).
The atoms belong to the alkaline or alkaline earths atoms.
In the example below 87Rb atoms are used for the atom
source of the invention. Other convenient atoms (such
as Ytterbium) could also be used.
The atom source 1 comprises means for generating a
magnetic field 4, and more particularly an electro-mag-
netic micro-chip 6 capable of condensing the atoms in a
BEC. The magnetic trap is obtained using wires on an
micro-chip, providing a magnetic field pattern similar
(considering gradients, intensity and field geometry) to
the one obtained using a bulky ferromagnetic structure,
but with reduced size. The electrically conductive wires
6 are patterned on a surface 18 of the substrate 14. Dif-
ferent wires patterns can be used.
In a first embodiment shown in figures 1-3, the wire 6 has
a Z-shape. The ends of the condutiong wire are connect-
ed to external plugs for applying an electric current from

an electric power supply (not represented). When an
electric current is applied to the Z-shaped wire 6, a mag-
netic field is induced around the wire. When combined
with a homogeneous BO magnetic field, in a direction
perpendicular to the central wire, the resulting magnetic
field produces provides an elongated anisotropic mag-
netic trap along the central branch of the Z at a distance
h from the substrate surface. A bias BZ magnetic field is
superimposed. This structure, when supplied with re-
quired current, forms an electro-magnetic micro-chip,
able to trap atoms above the Z wire center line, at a mean
distance from the substrate surface given by the
equation : 

The radial confinement gradient is given by the equation : 

The confinement is thus stronger when electric current
is small, and when the atoms cloud is close to the surface.
So a process for producing the desired condensed atoms
consists in creating the BEC in a magnetic trap confined
close to the substrate surface, and then to control the
condensed atoms position relatively to the surface by
changing the current. In this way, the confinement is re-
duced as required to form a guided atom source (see
[PRL 97]).
Typical parameters can be as follow :

B0 = 6 G ; Bz = 1 G ; I = 100 mA (high confinement) :
h = 33 mm, ω = 2π*1.6 kHz
B0 = 6 G ; Bz = 1 G ; I = 3 A (low confinement) : h =
1 mm, ω = 2π*54 Hz

The condensed atoms form a Bose-Einstein Condensate
(BEC). The distance between the BEC 30 and the sub-
strate surface 18 can be adjusted by varying the applied
electric current. More particularly, the BEC 30 is first
formed in the vicinity of the substrate surface 18, and the
electric current is progressively increased in order to in-
crease the distance between the substrate 14 and the
BEC 30 and to decrease the BEC radial confinement.
The atom source 1 of Figures 1-3 comprises means for
generating an electro-magnetic RF field 8 (not represent-
ed) capable of extracting the condensed atoms. By ap-
plying a low amplitude (mW, V) RF-field (frequency
equals m0B) near the boundary of the BEC the atoms
become insensitive to the magnetic trapping potential
and the atoms can propagate outside the magnetic trap.
The means for generating an electro-magnetic RF field
8 can be the wires 6, or additional wires, or an external
antenna, or an integrated antenna formed on the same
substrate 14.
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The atom source 1 comprises a laser diode 20 for emitting
and directing an optical coherent beam 12 toward the
condensed atoms so that the condensed atoms acquire
a velocity and are guided by the said optical coherent
beam (12). The laser diode emission wavelength is se-
lected to be off resonance for atoms internal transition.
87Rb has transitions at ∼ 780 nm. and 795 nm., so the
laser wavelength is chosen above 780 nm. A diode laser
emitting around ∼ 1.064 mm can be used, with an output
power of a few hundred mW. The difference between
resonance and guiding laser wavelength is noted Δ. The
optical guiding force is proportional the the laser intensity,
and inversely to the laser waist dimention (w) and to Δ: 

By varying the electric power supplied to the laser diode,
the optical beam intensity can be adjusted. This enables
to adjust a guiding force, and thus to adjust the atoms
acceleration between 0 and 10 mm.s-2. After applying an
RF-EM field, the atoms are still sensitive to the optical
potential and thus propagate along the optical beam axis.
The atoms are attracted toward the high intensity region
and thus guided along the optical waveguide. The atoms
propagate in one direction or in two opposed directions
depending on adjustment of waist position relatively to
the atoms.
As shown in Fig. 1 the optical means 20 and the electro-
magnetic micro-chip 6 are integrated onto a same sub-
strate 14.
[0023] As shown in Figures 1-3, the laser diode 20 is
placed so that the emission axis 17 is parallel to the sam-
ple surface.
[0024] In the configuration represented figures 1 and
2 the laser beam emission axis 17 is more particularly
parallel to the central branch of the Z-shape electro-mag-
netic micro-chip.
[0025] In the configuration represented figure 3 the la-
ser beam emission axis 17 is more particularly perpen-
dicular to the central branch of the Z-shape electro-mag-
netic micro-chip.
A focusing microlens 24, can be used in order to adjust
the diode focus position. The microlens 24 is preferably
attached to the same substrate 14, or to the laser diode
20.
The microchip can include a reflecting layer deposited
on the surface. The layer (or multilayer) surface treatment
can be used to trap "hot" atoms into the BEC. Such a
surface treatement is chosen to provide a high reflection
coefficient at the "hot" atoms wavelength, and to be trans-
parent at the optic/laser source wavelength.
[0026] When applying a magnetic field generated by
the micro-chip and an optical beam from the laser diode,
atoms are trapped at the intersection of the BEC and of
the elongated optical waveguide. An RF-outcoupler at
the boundary of the BEC and the waveguide enables to

couple atoms from the BEC along the optical waveguide,
thus producing a coherent guided atom source. The at-
oms are attracted by the lowest optical potential point in
the optical beam, that is at the waist of the laser beam.
By adjusting the distance between the BEC and the waist
of the laser beam, one can adjust the atoms velocity.
The atoms propagate along the optical waveguide, in a
coherent way, along distances ranging between 0,1 and
10 mm.
The de Broglie wavelength is comprised between 0.4 mm
and 5 mm.
[0027] As illustrated in figures 1, 2 and 3, the device
optical and magnetic functions are integrated in a single
substrate, making the structure insensitive to vibrations
or misalignements. The whole micro-chip can thus be
integrated into a small vacuum cavity.
[0028] Figure 4 illustrates another embodiment of an
atom source according to the invention, wherein the sol-
id-state laser source is attached to the substrate bearing
the electro-magnetic micro-chip, with its emission axis
perpendicular to the substrate surface.
As in figure 1, electrically conductive wires 6 are formed
on the surface 18 of a substrate 14. The electro-magnetic
circuit comprises a double Z-shaped pattern, with the two
main wires at a distance S from each other. An electric
current is applied to each wire, of the same intensity.
Each electric current induces a magnetic field. When
combined with an homogeneous magnetic field Bext, per-
pendicular to the substrate surface, a magnetic trap is
produced in the plane of symmetry between the two
wires. In this configuration, the magnetic trap is not lo-
cated above one of the wires (contrary to configuration
shown in figures 1-3).
The BEC area is located in the central area between the
two long branches of the two Z, at a distance h from the
wires plane.
When choosing Bext = m0 I/πS, the magnetic trap is at a
distance h = S/2 from the substrate surface. The formula
to calculate confinement are the same as in the single
wire configuration.
The following parameters can be used :
Bext = 6 G ; Bz = 1 G ; S = 2 mm, l = 3 A : h = 1 mm, ω =
2π* 54 Hz.
[0029] By adjusting the electric current applied to the
electric wires 6, the BEC position and confinement can
be adjusted. The BEC position can even be located inside
the substrate or in front of the substrate surface opposed
to the patterned wire structure.
Since confinement is less strong with the two-wires con-
figuration, it is advisable to make the condensate using
only one wire (applying current only to one of the Z-
shaped wires), and then to switch to a two-wires config-
uration (by applying electric current to the two wires) for
coupling with the optical waveguide.
A laser source 22 emission axis 17 is directed toward the
BEC area of the magnetic trap, in order to create a hybrid
magneto-optic trap and a waveguide for the atoms. The
laser source is in this example fixed onto the substrate
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14, using conventional mechanical mountings. The sub-
strate 14 may be formed in a transparent material such
as glass or sapphire. A converging microlens can be
etched into the substrate. The microlens can be made
from multilayers that create a focusing effect.
The optical beam goes through the microlens.
Typical parameters are a working distance of a few hun-
dred microns, for a millimeter size lens diameter. The
transverse guide frequency can typically be around a few
hundred Hertz.
[0030] Figure 5 shows another preferred embodiment
wherein the substrate 14 includes a Vertical Cavity Sur-
face Emitting Laser (VCSEL). The VCSEL can be pro-
vided with an integrated focusing microlens 24.
The electro-magnetic micro-chip is patterned directly on
the back-emitting surface of the VCSEL substrate. The
micro-chip double Z wires are patterned around the laser
source so that the laser beam and the magnetic trapping
area have an intersection.
In the embodiment illustrated Figure 5, the electro-
magetic micro-chip has a double Z shape, and the two
Z are located around the VCSEL emitting area. The hy-
brid magneto-optic trap is by construction centered on
the VCSEL emission axis 16.
[0031] The embodiment illustrated on figure 5 provides
a very small footprint, typically a few cm3. The resulting
atom laser source is very compact. The atom-chip sur-
face does not hinder coupling with other light sources for
atom interferometry applications.
[0032] By adjusting the electric voltage applied to the
electro-magnetic micro-chip and to the laser diode power
and/or waist position, it is possible to adjust the atom
laser repetition rate, and the atom laser velocity.
[0033] The invention thus provides a coherent guided
atom source, the atoms being extracted from a magnetic
trap, wherein the atoms direction and position are very
well defined in space due to the optical waveguide. The
device also enables to control precisely the atoms veloc-
ity, i.e. the de Broglie wavelength of the atom laser.
[0034] The velocity can be set to any arbitrary value
between 0 and 10 mm.s-2 which allows to reduce signif-
icantly the setup overall dimensions, while maintaining a
very high sensitivity. These features are very important
for inertial sensor applications, for example atom rate
gyros.
[0035] The compact atom laser enables to realize pre-
cise atomic interferometers. Indeed, large magnetic
fields from bulk ferromagnetic structures are difficult to
control due to the high gradients in the vicinity of the
magnetic trap and they induce systematic bias errors dis-
turbing precision measurements. The guided coherent
atom source according to the invention enables to use
the cold atoms away from the atom chip, where magnetic
fields/gradients are low, and to use atoms in an internal
state where they are not sensitive to magnetic field.
[0036] The guided atom laser made using an atom chip
enables to manufacture small size inertial sensors using
ultra-cold atom source.

[0037] An atomic interferometer according to the in-
vention is shown in figure 6.
The atoms emitted from the magneto-optic trap are cou-
pled into the optical waveguide. The laser beam is then
turned off, and the atoms are probed during their free fall
due to gravity. The atoms are probed using a guided laser
and series of Raman pulses (wherein internal atom states
are manipulated together with external states), or Bragg
pulses (wherein only external states are manipulated).
The pulses can be either horizontal or vertical. The trans-
parent area corresponds to a single beam for manipulat-
ing atomic states. The arrows correspond to the areas
where the atoms are probed. The single illuminating area
can be replaced with three separate light areas.
The probing time to maintain a vertical probing area (with
atoms launched horizontally) is limited to around 10 ms.
For longer probing times, the atoms must be launched
vertically.
[0038] Figure 7 shows another atomic interferometer
configuration, with multiple interferometer. Atoms are
coupled into the optical waveguide, and propagate along
the two opposed directions.
An interferometer is placed on each side of the BEC, and
probes atoms going in opposed directions.
This configuration allows common mode rejection, and
acceleration/rotation decoupling.
[0039] The atom source according to the invention can
be combined with other atom chip.
Figure 8 shows another atomic interferometer configu-
ration, with multiple atom laser sources. Two atom lasers
are placed facing each other. The optical waveguides of
the two atom lasers are aligned. Atoms from both sources
are coupled into the optical waveguide and propagate in
opposed directions.
An interferometer is placed between the two atom sourc-
es and probes atoms going in opposed directions. This
configuration allows improved common mode rejection
(due to the use of the same laser beam), and accelera-
tion/rotation decoupling
[0040] In the case where an interferometer uses Ra-
man or Bragg pulses, interferences do not occur when
the atoms are confined along two dimensions, that is
along the optical waveguide 12.
The optical waveguide is then turned off to let the atoms
propagate in free fall. When atoms are launched verti-
cally, a small atom chip is necessary, so that the atoms
do not fall on the substrate surface.
In an improved setup, shown in figure 9, the guided atoms
are transferred from the 1 D optical waveguide (12), to a
2D or planar optical waveguide (36), wherein the pulses
are directed. This setup enables to increase the probing
time.
[0041] The coherent guided atom source according to
the invention enables to use efficiently coherent atom
source.
The source of the invention provides increased bright-
ness compared to conventional atom sources, which per-
mits higher contrast and better measurements.

9 10 



EP 2 104 406 B1

7

5

10

15

20

25

30

35

40

45

50

55

The improved optical coupling reduces the optical and
electrical power required.
Atoms with lower velocity (higher de Broglie wavelength)
permit compact setup.
The guided atoms provide higher performances, and
avoid systematic effects due to magnetic traps.

Claims

1. Guided Coherent Atom Source (1) comprising :

- means for generating neutral atoms in a gas-
eous state ;
- means for cooling the atom gas ;
- means for generating a magnetic field, com-
prising an electro-magnetic micro-chip (6) de-
posited on a surface (18) of a substrate (14),
and capable of condensing the atoms in a mag-
netic trap ;
- means for generating an electro-magnetic RF
field capable of extracting the condensed
atoms ;
- optical means (20) arranged to emit and direct
an optical coherent beam (12) toward the con-
densed atoms and guide the condensed atoms,

characterized in that

- the optical means and the electro-magnetic mi-
cro-chip (6) are integrated onto the same sub-
strate (14).

2. Source according to claim 1, characterized in that
the electro-magnetic micro-chip (6) and the optical
means are located one relatively to the other to en-
sure built-in intersection of the magnetic trap and of
the optical waveguide.

3. Source according to claim 2, characterized in that
the axis (16) of the optical coherent beam (12) is
centered onto the magnetic trap for condensed at-
oms.

4. Source according to claims 1 to 3, characterized in
that the emission axis (17) of the optical coherent
beam (12) is transverse with respect to the substrate
(14) surface (18) bearing the electro-magnetic mi-
cro-chip (6).

5. Source according to claim 1 to 3, characterized in
that the emission axis (17) of the optical coherent
beam (12) is paralell to the substrate (14) surface
(18) bearing the electro-magnetic micro-chip (6).

6. Source according to any of claims 1 to 5, character-
ized in that the optical means comprise a diode laser
(20).

7. Source according to claim 6, characterized in that
the optical means comprise a Vertical Cavity Surface
Emitting Laser (or VCSEL) (22).

8. Source according to claims 6 or 7, characterized in
that the optical means include a microlens (24) for
directing the optical coherent beam (12).

9. Source according to anyone of the precedent claims,
characterized in that the substrate surface com-
prises an optical coating (26) able to reflect at the
trapping wavelength for « hot » atoms and that is
transparent at the wavelength of the optical coherent
beam (12).

10. Source according to anyone of the precedent claims,
wherein the atoms chosen among the alkaline or al-
kaline earths or rare earths atoms.

11. Source according to claim 10 wherein the atoms are
87Rb atoms.

12. Source according to anyone of the precedent claims,
characterized in that the means for generating a
magnetic field (4) comprise means for generating a
permanent magnetic field.

13. Source according to claim 12, characterized in that
the means for generating a permanent magnetic field
comprise a magnet layer (28) integrated into the sub-
strate (14).

14. Source according to anyone of claim 1 to 13, char-
acterized in that the electro-magnetic micro-chip
comprises electrically, conductive wires in a shape
chosen from Z -shape, U-shape, dobble Z-shape,
and/or concentric circles.

15. Source according to claim 14, characterized in that
the electro-magnetic micro-chip comprises multilay-
er electrically conductive wires.

16. Atomic Interferometer comprising at least one
source according to claim 1 and means for generat-
ing optical beams arranged to create Bragg or Ra-
man-type wavepacket manipulation of the atoms
from the said guided coherent atom source.

Patentansprüche

1. Geführte kohärente Atomquelle (1), die
Mittel zur Erzeugung neutraler Atome im gasförmi-
gen Zustand,
Mittel zum Kühlen des Atomgases,
Mittel zum Erzeugen eines Magnetfelds, die einen
elektromagnetischen, auf einer Oberfläche (18) ei-
nes Substrats (14) aufgebrachten Mikrochip (6) auf-
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weisen und die zum Kondensieren der Atome in ei-
ner magnetischen Falle geeignet sind,
Mittel zum Erzeugen eines elektromagnetischen HF-
Felds, das zum Extrahieren der kondensierten Ato-
me geeignet ist,
optische Mittel (20), die zum Aussenden und Aus-
richten eines kohärenten optischen Strahls (12) auf
die kondensierten Atome und zum Führen der kon-
densierten Atome ausgelegt sind,
aufweisen,
dadurch gekennzeichnet, daß die optischen Mittel
und der elektromagnetische Mikrochip (6) auf dem-
selben Substrat (14) integriert sind.

2. Quelle gemäß Anspruch 1, dadurch gekennzeich-
net, dass der elektromagnetische Mikrochip (6) und
die optischen Mittel so zueinander angeordnet sind,
daß eine eingebaute Schnittstelle der Magnetfalle
mit dem optischen Wellenleiter sichergestellt ist.

3. Quelle gemäß Anspruch 2, dadurch gekennzeich-
net, daß die Achse (16) des optischen kohärenten
Strahls (12) auf die Magnetfalle für kondensierte Ato-
me zentriert ist.

4. Quelle gemäß Anspruch 1 bis 3, dadurch gekenn-
zeichnet, daß die Ausstrahlachse (17) des opti-
schen kohärenten Strahls (12) zur den elektromag-
netischen Mikrochip (6) tragenden Oberfläche (18)
des Substrats (14) senkrecht ist.

5. Quelle gemäß Anspruch 1 bis 3, dadurch gekenn-
zeichnet, daß die Ausstrahlachse (17) des opti-
schen kohärenten Strahls (12) zur den elektromag-
netischen Mikrochip (6) tragenden Oberfläche (18)
des Substrats (14) parallel ist.

6. Quelle gemäß einem der Ansprüche 1 bis 5, da-
durch gekennzeichnet, daß die optischen Mittel ei-
ne Laserdiode (20) aufweisen.

7. Quelle gemäß Anspruch 6, dadurch gekennzeich-
net, daß die optischen Mittel einen Vertical Cavity
Surface Emitting Laser (oder VCSEL) (22) aufwei-
sen.

8. Quelle gemäß Anspruch 6 oder 7, dadurch gekenn-
zeichnet, daß die optischen Mittel eine Mikrolinse
(24) zum Ausrichten des optischen kohärenten
Strahls (12) beinhalten.

9. Quelle gemäß einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, daß die Substrato-
berfläche eine optische Beschichtung (26) aufweist,
die geeignet ist, bei der Einfangwellenlänge für "hei-
ße" Atome zu reflektieren, und die bei der Wellen-
länge des optischen kohärenten Strahls durchsichtig
ist.

10. Quelle gemäß einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, daß die Atome aus
alkalischen, erdalkalischen oder Seltene Erden-Ato-
men ausgewählt sind.

11. Quelle gemäß Anspruch 10, dadurch gekenn-
zeichnet, daß die Atome 87Rb-Atome sind.

12. Quelle gemäß einem der vorangehenden Ansprü-
che, dadurch gekennzeichnet, daß die Mittel zum
Erzeugen eines Magnetfelds (4) Mittel zum Erzeu-
gen eines Permanentmagnetfelds aufweisen.

13. Quelle gemäß Anspruch 12, dadurch gekenn-
zeichnet, daß die Mittel zum Erzeugen eines Per-
manentmagnetfelds eine in das Substrat (14) inte-
grierte Magnetschicht (28) aufweisen.

14. Quelle gemäß einem der Ansprüche 1 bis 13, da-
durch gekennzeichnet, daß der elektromagneti-
sche Mikrochip elektrisch leitende Drähte in einer
aus Z-Form, U-Form, Doppel-Z-Form und/oder kon-
zentrischen Kreisen ausgewählten Form aufweist.

15. Quelle gemäß Anspruch 14, dadurch gekenn-
zeichnet, daß der elektromagnetische Mikrochip
mehrschichtig elektrisch leitende Drähte aufweist.

16. Atominterferometer, das wenigstens eine Quelle ge-
mäß Anspruch 1 und Mittel zum Erzeugen optischer
Strahlen aufweist, die so ausgelegt sind, daß sie
Wellenpaket-Handhabungen vom Bragg- oder Ra-
mantyp der Atome der besagten geführten kohären-
ten Atomquelle erzeugen.

Revendications

1. Source d’atomes cohérents guidés (1) comprenant :

- des moyens de génération d’atomes neutres
dans un état gazeux ;
- des moyens de refroidissement du gaz
d’atomes ;
- des moyens de génération d’un champ ma-
gnétique, comprenant une micro-puce électro-
magnétique (6) déposée sur une surface (18)
d’un substrat (14) et capable de condenser les
atomes dans un piège magnétique ;
- des moyens de génération d’un champ élec-
tromagnétique RF capable d’extraire les atomes
condensés ;
- des moyens optiques (20) disposés pour émet-
tre et diriger un faisceau optique cohérent (12)
vers les atomes condensés et guider les atomes
condensés,

caractérisée en ce que
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- les moyens optiques et la micro-puce électro-
magnétique (6) sont intégrés sur le même subs-
trat (14).

2. Source selon la revendication 1, caractérisée en ce
que la micro-puce électromagnétique (6) et les
moyens optiques sont situés l’un par rapport à l’autre
de manière à garantir une intersection encastrée du
piège magnétique et du guide d’onde optique.

3. Source selon la revendication 2, caractérisée en ce
que l’axe (16) du faisceau optique cohérent (12) est
centré sur le piège magnétique pour atomes con-
densés.

4. Source selon les revendications 1 à 3, caractérisée
en ce que l’axe d’émission (17) du faisceau optique
cohérent (12) est transversal à la surface (18) du
substrat (14) portant la micro-puce électromagnéti-
que (6).

5. Source selon les revendications 1 à 3, caractérisée
en ce que l’axe d’émission (17) du faisceau optique
cohérent (12) est parallèle à la surface (18) du subs-
trat (14) portant la micro-puce électromagnétique
(6).

6. Source selon l’une quelconque des revendications
1 à 5, caractérisée en ce que les moyens optiques
comprennent une diode laser (20).

7. Source selon la revendication 6, caractérisée en ce
que les moyens optiques comprennent un laser à
cavité verticale émettant par la surface (ou VCSEL)
(22).

8. Source selon la revendication 6 ou 7, caractérisée
en ce que les moyens optiques comportent une mi-
crolentille (24) pour diriger le faisceau optique cohé-
rent (12).

9. Source selon l’une quelconque des revendications
précédentes, caractérisée en ce que la surface de
substrat comprend un revêtement optique (26) ca-
pable de réfléchir à la longueur d’onde de piégeage
pour des atomes "chauds" et qui est transparente à
la longueur d’onde du faisceau optique cohérent
(12).

10. Source selon l’une quelconque des revendications
précédentes, dans laquelle les atomes sont choisis
parmi les atomes alcalins ou les atomes alcalino-
terreux ou les atomes de terres rares.

11. Source selon la revendication 10, dans laquelle les
atomes sont des atomes de 87Rb.

12. Source selon l’une quelconque des revendications

précédentes, caractérisée en ce que les moyens
de génération d’un champ magnétique (4) compren-
nent des moyens de génération d’un champ magné-
tique permanent.

13. Source selon la revendication 12, caractérisée en
ce que les moyens de génération d’un champ ma-
gnétique permanent comprennent une couche ma-
gnétique (28) intégrée dans le substrat (14).

14. Source selon l’une quelconque des revendications
1 à 13, caractérisée en ce que la micro-puce élec-
tromagnétique comprend des fils conducteurs de
l’électricité choisis parmi une forme en Z, une forme
en U, une forme en double Z et/ou des cercles con-
centriques.

15. Source selon la revendication 14, caractérisée en
ce que la micro-puce électromagnétique comprend
des fils conducteurs de l’électricité en multicouche.

16. Interféromètre atomique comprenant au moins une
source selon la revendication 1 et des moyens de
génération de faisceaux optiques arrangés pour
créer une manipulation par paquets d’ondes de type
Bragg ou Raman des atomes provenant de ladite
source d’atomes cohérents guidés.
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