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(57) ABSTRACT 

This invention relates to an optical re?ector receiving an 
input beam (22) and transmitting a retrore?ected reciprocal 
output beam (28), comprising a beam splitter (20) giving a 
?rst secondary beam (27) and a second secondary beam 
(28), parallel to one another as Well as retrore?ecting means 
(21) each redirecting secondary beams toWard the beam 
splitter and forming a Sagnac interferometer,. 

According to the invention, the said re?ecting means com 
prise a self-aligned total re?ector (21) and the beam splitter 
(20) is self-aligned. 

This beam splitter may also be energy-unbalanced, Whereas 
the said re?ector thus transmits a non-reciprocal output 
beam. 

The invention also relates to a laser source With external 

cavity comprising an ampli?er medium, a Wavelength dis 
persing device and such an optical re?ector, Whereby the non 
reciprocal output provides a single output beam Where the 

(51) Int. Cl.7 ................................................... .. G02B 27/14 ASE 0f the source is ?ltered spectrally. 
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OPTICAL REFLECTOR AND LASER WITH 
EXTERNAL CAVITY INCORPORATING SUCH A 

REFLECTOR 

FIELD OF THE INVENTION 

[0001] This invention relates to an optical re?ector 
intended for receiving an input beam and transmitting a 
reverse-direction and parallel output beam, optionally super 
imposed on the input beam. 

BACKGROUND OF THE INVENTION 

[0002] It is Well knoWn that the alignment of the optical 
components is decisive for the quality of the devices that are 
?tted With the said components. Therefore, any self-align 
ment, ie any assembly in Which the properties of the output 
luminous ?uX are little sensitive to the orientation or to the 
position of one or several components, is required. 

[0003] Among the self-aligned retrore?ecting systems 
knoWn for a long time, the folloWing can be mentioned for 
eXempli?cation purposes: the cube corner illustrated on 
FIG. 1 With Which an incident beam 1, 1‘ on a re?ecting 
orthogonal trihedron 3 produces a parallel output beam 2, 2‘, 
Whatever the angle of incidence With respect to the diagonal 
5 of the cube and the position of the point of incidence 4. 

[0004] The so-called ‘cat’s eye’ assembly is also Well 
knoWn, consisting of a convergent optical system 8 With 
optical aXis 9, in the focal plane of Which is located a mirror 
10, substantially perpendicular to the aXis 9. A collimated 
incident beam 11, 11‘ converges onto the mirror 10, is 
re?ected on the said and then diverges in return onto the 
optical system 8 that produces an output beam 12, 12‘, also 
collimated and parallel to 11. Such a cat’s eye is represented 
on FIG. 2. 

[0005] Both these systems described previously offer self 
alignment of the direction of the output beam 2, 2‘ and 12, 
12‘ on the input beam, respectively 1, 1‘ and 11, 11‘ in tWo 
dimensions, ie in all the planes parallel to the direction of 
the input beams. In certain systems, We shall seek to obtain 
the self-alignment in a single dimension. We shall then use 
either an orthogonal dihedron instead of the trihedron of 
FIG. 1 or a cylindrical cat’s eye, ie a lens or a cylindrical 
optical system instead of the spherical optical system 8 in the 
case of FIG. 2. The dihedron ensures self-alignment in the 
plane perpendicular to its edge and the cylindrical cat’s eye 
in the plane perpendicular to the generatriX of its cylindrical 
lens In the parallel plane, both these systems behave like a 
mirror. 

[0006] Self-aligned separating optical components or 
devices, Which produce tWo emerging beams, parallel to one 
another, from a single incident beam, are also knoWn. These 
may be for instance a periscope or a blade With parallel faces 
one of Which is partially metalliZed, in order to modify its 
re?ection coef?cient on a portion of its surface. 

[0007] Conventional dihedra and trihedra alloW hoWever 
only total re?ection of the beam Whereas, in certain appli 
cations, a second partial output is required in addition to the 
?rst retrore?ected output. 

SUMMARY OF THE INVENTION 

[0008] The invention implements an interferometric 
device of the Sagnac interferometer type, capable of pro 
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ducing tWo beams, respectively identi?ed as a reciprocal 
beam and a non-reciprocal beam, in relation to the number 
of re?ections affecting each of the tWo interfering beams to 
make the output beams. 

[0009] The Sagnac interferometers are Well knoWn. They 
consist of a beam splitter and a ring, ie a closed optical 
beam beginning and ending at the beam splitter. 

[0010] This ring and the beam splitter are arranged so that 
an input beam is split into tWo secondary beams, each 
circulating in the ring, respectively in opposite directions. 

[0011] Thus, When returning, the Waves corresponding to 
each of these beams interfere and produce tWo output beams. 

[0012] This ring often consists of three independent mir 
rors and it is Well knoWn that a reciprocal output is thus 
produced for Which the interfering Waves have been sub 
jected to the same number of re?ections during their circu 
lation in the ring and a non-reciprocal output for Which these 
Waves have been subjected to a number of different re?ec 
tions. 

[0013] By ‘matched phase front’, We mean the state of 
interference obtained When the orientation of the mirrors is 
adjusted to spread the interferences fringes doWn to their 
complete elimination. 

[0014] The aim of the invention is to provide such a 
Sagnac interferometer comprising an optical re?ector, that 
bene?ts from the advantages of a self-aligned re?ecting 
device and that Would be then particularly simple to adjust 
and Whose long-term stability is improved. 

[0015] Another advantage of the invention is to alloW the 
possible construction of Wavelength tuneable laser, possibly 
continuously, that Would enable extracting the output lumi 
nous beam in optimised conditions, With minimum losses. 

[0016] According to another embodiment of the invention, 
it is possible to obtain a laser Whose background noise 
resulting from the ASE (Ampli?ed Spontaneous Emission) 
is ?ltered spectrally and that eXhibits therefore better ef? 
ciency at the emission Wavelength of the laser. 

[0017] The invention then relates to an optical re?ector 
receiving an input beam, transmitting a retrore?ected recip 
rocal output beam and comprising a beam splitter giving a 
?rst secondary beam and a second secondary beam, parallel 
to one another as Well as retrore?ecting means each redi 
recting the secondary beams toWard the beam splitter and 
forming a Sagnac interferometer. 

[0018] According to the invention, the re?ecting means 
comprise a self-aligned total re?ector and the beam splitter 
is self-aligned. 

[0019] Preferably, in various embodiments of the inven 
tion each having their respective advantages: 

[0020] 
sional; 

[0021] 
sional; 

[0022] the beam splitter is energy-unbalanced, 
Whereas the said re?ector thus transmits a non 
reciprocal output beam; 

the self-aligned total re?ector is unidimen 

the self-aligned total re?ector is bidimen 
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[0023] the optical re?ector comprises a diffraction 
grating forming With the total re?ector a Littman 
Metcalf system; 

[0024] the diffraction grating is located betWeen the 
beam splitter and the total re?ector. 

[0025] The invention also relates to a laser source With 
external cavity comprising an ampli?er medium and a 
retrore?ecting dispersing device comprising an optical 
re?ector formed by a Sagnac interferometer With a total 
re?ector and a Littman-Metcalf con?guration grating. 

[0026] Advantageously: 

[0027] the ampli?er medium is a Wave-guide and it is 
associated With collimation optics thereby collimat 
ing the beam that it produces; 

[0028] the external face of the Wave-guide is totally 
re?ecting and the non-reciprocal beam is the single 
beam transmitted by the source; 

[0029] the dihedron is mobile in rotation to enable the 
variation of the Wavelength; 

[0030] the dihedron is mobile in rotation and in 
translation to enable continuous variation of the 
Wavelength; 

[0031] the laser source comprises several ampli?er 
guides that are offset at an angle With respect to the 
retrore?ecting-dispersing device and enabling the 
transmission of the source over several Wavelengths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The invention Will be described more in detail With 
reference to the appended draWings on Which: 

[0033] FIG. 1 represents a cube corner making up a 
tWo-dimension self-aligned device of the prior art; 

[0034] FIG. 2 represents a cat’s eye making up a tWo 
dimension self-aligned device of the prior art; 

[0035] FIG. 3 is an optical re?ector according to the 
invention; 
[0036] FIG. 4 is a side vieW of a laser according to the 
invention; 
[0037] FIG. 5 is an above vieW of a laser according to the 
invention; 
[0038] FIG. 6 represents a blade With parallel faces usable 
as a self-aligned beam splitter. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] The optical re?ector represented on FIG. 3 com 
prises a beam splitter 20 and a self-aligned total re?ector 21. 

[0040] The self-aligned splitter 20 divides the input beam 
22 into tWo parallel beams: i.e. a ?rst split beam 23 and a 
second split beam 24 propagating through free space. The 
?rst split beam 23 is re?ected by the self-aligned re?ector 21 
and forms a re?ected split beam 23‘ that is directed to the 
beam splitter 20, that re?ects it partially and transmits it 
partially. The transmitted beam 23“ is sent back in parallel 
and in the reverse direction of the input beam 22. 
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[0041] The beam re?ected by the splitter 20 is a beam 23“ 
superimposed and of reverse direction to the input beam 22. 
Similarly, the beam 24 generated from the input beam 22 by 
re?ection onto the splitter 20, is itself re?ected by the total 
re?ector 21 and forms the beam 24‘ that-is sent back to the 
splitter 20 that divides it into tWo beams, respectively 24“ 
and 24“‘, Which interfere With the beams 23‘ and 23“‘ thus 
generating tWo output beams, respectively 27 and 28, par 
allel to one another. The beam 28 is produced by interference 
of the beams 23““ and 24““ that have each been eXposed to 
a single re?ection on the splitter 20. This so-called recipro 
cal beam 28 is superimposed to the input beam 22 and of 
reverse direction. 

[0042] Conversely, the beam 27 is generated by the inter 
ferences of the beam 23“ that has not been eXposed to any 
re?ection on the splitter 20 and of the beam 24“ that has been 
eXposed to tWo re?ections on the same splitter. This differ 
ence in the number of re?ections to Which each beam is 
eXposed, provides a J's-radian phase shift and the output 27 
is called a non-reciprocal output. 

[0043] The device according to the invention is therefore 
an optical re?ector that, from the input beam 22, generates 
tWo beams, respectively reciprocal 28 and non-reciprocal 
27, parallel to one another and self-aligned on the input 
beam. The reciprocal beam 28 is superimposed to the input 
beam 22 Whereas the non-reciprocal beam 27 is offset. 

[0044] Implementing the self-aligned total re?ector 21 
facilitates the adjustment of the device and improves there 
fore its yield. 

[0045] When the splitter 20 is a 50/50 splitter, the intensity 
of the split beams 23 and 24 is equal and during their 
recombination, the Whole energy is gathered on the recip 
rocal output into one beam 28, Whereby the beam 27, further 
to the phase shift betWeen the Waves of the beams 24“ and 
23“, has a Zero energy, i.e. the phase shift does not eXist. 

[0046] It is possible to use an energy-unbalanced splitter 
20, enabling the distribution of the incident energy betWeen 
both output beams 27 and 28. R and T being respectively the 
coef?cients of energy re?ection and transmission of the 
splitter 20, the incoming energy can be found at the non 
reciprocal output (1-4 RT). For instance With R=90% and 
T=10%, We obtain (1-4 RT)=64% at the non-reciprocal 
output. 

[0047] The self-aligned splitter 20 can be advantageously 
a periscopic splitter comprising a splitting interface 20‘ and 
tWo mirrors 25 and 26 that are parallel to the former. 

[0048] The use of a diffraction grating 29, on the path of 
the luminous beam enables to spread geometrically the 
spectrum of the luminous ?uXes at output and possibly to 
select a portion of the former. 

[0049] This diffraction grating 29 is advantageously 
located in a Littman-Metcalf con?guration betWeen the 
self-aligned beam splitter 20 and the self-aligned total 
re?ector 21. 

[0050] FIGS. 4 and 5 represent respectively the side vieW 
and the above vieW of a laser source according to the 
invention and, on these ?gures, the elements common to 
those of FIG. 3 have been kept With the same numeric 
references. 
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[0051] An ampli?er medium, preferably an ampli?er 
Wave-guide 30, Whose internal extremity 30‘ is placed at the 
focus of the collimation lens 31 of centre 31‘, generates the 
collimated input beam 22. The eXternal face 30“ of this 
ampli?er Wave-guide 30 is entirely re?ecting, and the split 
ter 20 is unbalanced. Thus, a laser cavity is formed betWeen 
the entirely re?ecting face 30“ and the self-aligned total 
re?ector 21 through the reciprocal output Where the beam 28 
is superimposed to the input beam 22. The offset non 
reciprocal output 27 makes up the laser output and forms 
therefore the transmitted beam. 

[0052] The presence of a grating 29 in the Littman 
Metcalf con?guration With the self-aligned total re?ector 21, 
in this laser source, enables the non-reciprocal output 27 to 
?lter spectrally the continuous spurious background, With 
ASE radiation, and thereby to isolate the transmission line of 
the laser. 

[0053] The transmission Wavelength adjustment can be 
obtained either by rotating the grating or by rotating the total 
re?ector 21 or still by rotating the assembly formed by the 
grating 29 and the total re?ector 21, Whereas the ?ltered 
non-reciprocal beam 27 remains stable since it is parallel to 
the input beam. This beam can be coupled optionally in a 
monomode optic ?bre. 

[0054] A rotation and/or translation coordinated move 
ment of the re?ecting dihedron 21 With the movement of the 
grating 29 enables to provide a continuous tuneable laser 
source. Such a coordinated movement is for eXample dis 
closed in French patent FR-2.724.496. 

[0055] Such a laser source can also be made With several 
ampli?er media or Wave-guides 30 located in the focal plane 
of the lens 31. This alloWs us to provide a multiWavelength 
source, formed by the superimposition of several laser 
?uXes, each corresponding to a Wave-guide and Whose 
Wavelength depends on the angle from Which the said 
Wave-guide can be seen from the re?ecting dispersing 
device. 

[0056] The ?gures and the description have been made 
While using as a self-aligned re?ector, a cube corner or a 
dihedron, but similar results can be obtained by using a cat’s 
eye. The cube corner and the dihedron can be formed by 
plane mirrors, but also made out of a full trihedron and a 
rectangular isosceles prism, operating in total internal re?ec 
tion. 

[0057] It has been mentioned above that the self-aligned 
splitter 20 can be a periscopic splitter. It can also be a blade 
With parallel faces. Such a blade 40 is represented on FIG. 
6. 

[0058] Its input face 41 is partially coated With an anti 
glare coating 42 and a fully re?ecting coating 43. 

[0059] Its output face 44 is partially coated With a partially 
re?ecting coating 45 and, on another area, an antiglare 
coating 46. 
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[0060] Thus, an incident beam 47 is partially transmitted 
at 48 and the residual ?uX is transmitted, after tWo re?ec 
tions at 49. The required function is thereby achieved. 

What is claimed is: 
1. An optical re?ector receiving an input beam, transmit 

ting a retrore?ected reciprocal output beam and comprising 
a beam splitter giving a ?rst secondary beam and a second 
secondary beam, parallel to one another as Well as retrore 
?ecting means each redirecting secondary beams toWard the 
beam splitter and forming a Sagnac interferometer, Wherein 
the said re?ecting means comprise a self-aligned total re?ec 
tor and the beam splitter is self-aligned. 

2. An optical re?ector according to claim 1. Wherein the 
self-aligned total re?ector is bidimensional. 

3. An optical re?ector according to claim 1, Wherein the 
self-aligned total re?ector is unidimensional. 

4. An optical re?ector according to claim 1, Wherein the 
beam splitter is energy-unbalanced, Whereas the said re?ec 
tor thus transmits a non-reciprocal output beam. 

5. An optical re?ector according to claim 1, Wherein it 
comprises a diffraction grating forming With the total re?ec 
tor a Littman-Metcalf system. 

6. An optical re?ector according to claim 5, Wherein the 
diffraction grating is located betWeen the beam splitter and 
the total re?ector. 

7. A laser source With eXternal cavity comprising an 
ampli?er medium and a retrore?ecting-dispersing device, 
Wherein the retrore?ecting-dispersing device is according to 
claim 5. 

8. A laser source With eXternal cavity comprising an 
ampli?er medium and a retrore?ecting-dispersing device, 
Wherein the retrore?ecting-dispersing device is according to 
claim 6. 

9. A laser source With eXternal cavity according to claim 
7, Wherein the ampli?er medium is a Wave guide and it is 
associated With collimation optics that collimate the beam 
thereby produced. 

10. A laser source With eXternal cavity according to claim 
9, Wherein the eXternal face of the Wave guide is totally 
re?ecting and the non reciprocal beam is the single beam 
transmitted by the source. 

11. Alaser source With external cavity according to claim 
7, Wherein the dihedron is mobile in rotation to enable the 
variation of the Wavelength. 

12. A laser source With eXternal cavity according to claim 
11, Wherein the dihedron is mobile in rotation and in 
translation to enable continuous variation of the Wavelength. 

13. A laser source With eXternal cavity according to claim 
9, Wherein it comprises several ampli?er guides that are 
offset at an angle With respect to the retrore?ecting-dispers 
ing device and enabling the transmission of the source over 
several Wavelengths. 


