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and the amplifier which results is cumbersome. Laser waveguides have been
fabricated using ion BACKGROUND OF THE INVENTION
exchange In glass. In Najafi et al., "Ion-exchanged rare-earth doped
waveguides", SPIE Vol. 1128 The present invention relates to an optical
signal   5   Glasses for Optoelectronics, 1989, pp. 142-144, an amplifier
and, more specifically, such an amplifier  example Is given of a slab
waveguide made by Ag[err] made by integrated optics technology.
Li+ exchange in a neodymium-doped lithium-silicate Optical waveguide signal
amplifiers are known   glass substrate. Adye laser operating at 590 nm was
comprising a glass optical waveguide fiber doped   end-fire coupled to
thewaveguide and the outputwas with an optically active material, for
example a rare  10   measured to show fluorescence at the emission wa-
earth metal oxide, to develop an amplifier effect by  velength of the
neodymium-doped glass. Fig. 3 of Na- stimulated emission. These amplifiers
include      jafi et al. depicts a slab waveguide with gratings serv- means
for injecting into the amplifier fiber, at one of  ing as mirrors to create
a laser oscillator. its ends, pump light emitted from a laser at the wave-
A laser oscillator is not a signal amplifier, be- length of absorption of
the doped glass amplifierfib-  15  cause the output power is not a function
of the input er, along with modulated signal light at a wavelength  signal.
A laser oscillator requires both a gain medium in the spectral band of
emission of the doped glass  and a feedback means. It is possible to create
a laser amplifier. The amplified optical signal is extracted
oscillatorwith a short path length and very small gain from the waveguide
at the other end of the amplifier  in a single traverse of the gain medium
(single pass fiber.                                        20  gain).
Multiple passes through the gain medium are Such an amplifier is described
in E. Desurvire et  necessary to develop the required power level. The al.,
"High-gain erbium-doped traveling-wave fiber  single pass gain in such a
laser oscillator is not suf- amplifier", Optical Letters, vol. 12, no. 11,
pages 388-  ficient for a practical signal amplifier. 390, November, 1987.
M. C. Farries et al., Operation   Accordingly, means other than oscillation
be- of Erbium-Doped Fiber Amplifiers and Lasers Pump-  25  tween mirrors
are required to increase the gain of a ed with Frequency-Doubled Nd:YAG
Lasers", Jour-    signal amplifier. One means for increasing the single nal
of Lightwave Technology, vol. 7, no. 10, pages  pass gain Is increasing the
amount of the optically ac- 1474-1477, October, 1989, also Is directed to
an am-  tive species in a signal amplifier path of a given plifier of this
type.                              length. However, there is a limit to the
concentration Such amplifiers are intended for use in long dis-  30  of
rare earth dopant that may be included In a glass tance optical fiber
telecommunications systems     host without severe deleterious effects.
And, the total which today appear very promising. Present day sys-  amount
of dopant required in a system for operation tems include opto-electronic
repeaters spaced out   at a particular wavelength absorption band isa func-
along the length of the fiber to amplify the optical sig-  tion of the pump
absorption efficiency (stimulated nals, as the attenuation of the fiber Is
on the order of  35  emission cross section) of the dopant at that wave-
tenths of decibels per kilometer. These opto-      length. Therefore, for
some dopants used in systems electronic repeaters include an optical to
electrical  operating at particular absorption wavelengths, a rel-
converter at the Input, an electronic amplifier of the  atively long length
of amplifier waveguide is required electrical signal, and an electrical to
optical converter  to achieve a practicable level of amplifier gain. at the
output. Accordingly, these repeaters are com-  40  German patent
publication DE OS 2 260 987, as- plicated, cumbersome and expensive.
signed to Siemens is directed to a laser oscillator Therefore it is
desirable to replace these opto-  wherein the active material is provided
in the form of electronic repeaters with optical signal amplifiers of  a
spiral waveguide (2) sandwiched between a sub- the type described above,
which present the advan-  strate (1) and a transparent dielectric (4). An
electro- tage of eliminating the opto-electronic conversion of  45
luminescent material (5) covers the transparent di- signals by acting
directly on the optical signal. In or-  electric and is used to excite
light in the wavegulde der to achieve the level of amplification necessary,
which oscillates back and forth between its two ends. the length of the
amplifier waveguide is currently of  This laser oscillator configuration is
unworkable as a the order of one to several meters, for a signal trans-
signal amplifier because of the oscillation and be- mitted at a wavelength
of 1.5 [err] which is one of the   50  cause it Is not possible to
introduce the signal into the typical wavelengths used in optical
telecommunica-  spiral waveguide, only the pump light. tions. in addition,
the following additional compo-    German patent publication 2 140 500,
also as- nents are also required: means for supporting the  signed to
Siemens is directed to a optical detector in- optical fiber, which is
sensitive to perturbations;  cluding a meandering crystalline neodymium
wave- means for connecting the ends of the fiber to input  55  guide which
is glued to a substrate. The waveguide and output fibers; and, means for
optically coupling  operates as a gated preamplifier for the detector, and
the amplifier fiber to a pump-laser. Assembly of all of  the active
material is stimulated from above by a these Individual means is difficult,
hence expensive,  stimulating light source through a transparent layer 



2    3                   EP0440049B1                     4 applied over the
waveguide. The stimulating radia-  making an optical signal amplifier by
integrating and tion is applied overthe entire length of the waveguide
burying an optical Waveguide into a glass body doped and not at one end.
The waveguide is not integrated  with optically active material. The
integration and bur- in a glass body, but is single crystal structure that
is   5   ial are carried out using photolithographi masking glued to a
substrate.                              and ion exchange. The waveguide is
integrated in the It is therefore an object of the present invention  glass
body In closely spaced adjacent guide lengths to provide an optical signal
amplifier which is eco-  in order to minimize the space necessary for a
given nomical and not cumbersome and which requires as-  length of
waveguide. Couplers may also be Integrat- sembly of a minimum number of
components.     10  ed in the doped glass body at the ends of the wave-
Anotherobjectof the present invention is a meth-  guide, the coupler at one
end for providing the pump od for making such an amplifier which allows
integra-  power Input to the guide, and the coupler at the other tion of
the amplifier components which are neces-  end for extracting the amplified
light signal. sary for connecting the amplifier waveguide to the     By
utilizing Integrated optics technology to make optical fibers which
transport the optical signal.  15  the optical signal amplifier according
to the inven- tion, one obtains a compact amplif ler capable of man-
SUMMARY OF THE INVENTION                           ufacture In great
quantity and at reduced cost. In ad- dition, other amplifier components may
be integrated These and other objects are achieved by means   at the ends
of the waveguide, for example, the pump of the present invention which is
directed to a stimu-  20  laser itself can be associated directly with the
ampli- lated emission optical signal amplifier comprising a  fier, without
pigtails, in a hybrid circuit. glass optical wavegulde doped with an
optically ac- tive material capable of producing a population inver-  BRIEF
DESCRIPTION OF THE DRAWINGS sion under a pumping radiation. The amplifier
in- cludes means for coupling into the waveguide at one   25  FIG. 1 is a
schematic of an optical signal ampli- end pump power emitted by a laser at
an absorption  fier made according to the prior art. wavelength of the
active material, and means for cou-  FIG. 2 is a schematic of an optical
signal ampli- pling into the waveguide signal power, modulated by  fier
made in accordance with one embodiment of the the input signal to be
amplified, at the emission wa-  present invention. velength of the active
material. The waveguide is in-  30  FIG. 3 illustrates one embodiment of
the ampli- tegrated and buried into a glass body that is doped  fier
waveguide of the present invention, made by in- with the optically active
material. The waveguide is  tegrated optics technology and using parallel
mirrors. integrated in the glass body in closely spaced adja-   FIG. 4
Illustrates a second embodiment of the cent guide lengths in orderto
minimize the space nec-  amplifier waveguide of the present invention, made
essary for a given length of waveguide.       35  by Integrated optics
technology and utilizing curvili- In one embodiment of the invention, the
optical  near path connections. amplifier guide lengths form a spiral path.
The spiral  FIG. 5 illustrates a third embodiment of the am- path may
comprise successive half-circular guide   plifler waveguide of the present
invention, made by lengths whose radii decrease In an arithmetic pro-
integrated optics technology and utilizing a spiral gression from the
outside of the spiral toward its cen-  40   path. ter. In another
embodiment of the invention, the opt-  DETAILED DESCRIPTION OF THE
INVENTION Ical amplifier guide lengths are coplanar and substan- tially
parallel, and curved sections of wavegulde con-  FIG. 1 depicts an optical
signal amplifier of the nect each pair of adjacent guide lengths on one
side.  45  prior art, the description of which is useful for an ap- The
curved sections of waveguide are formed on al-  preciation of the benefits
of the present invention. ternating sides of the body for successive pairs
of  For further details concerning such an amplifier, one guide lengths.
can refer to the articles mentioned above in the Back- In yet another
embodiment of the invention, the  ground. optical signal amplifier includes
mirrors on two par-  50  The amplifier in FIG. 1 includes an optical fiber
allel faces of the glass body, and the waveguide de-  several meters in
length, for example, and wound on fines a planar optical path zigzagging
between these  a spool for reasons of compactness. Three turns of two
mirrors.                                       the winding are depicted in
FIG. 1. As described in the In yet another embodiment of the invention, the
aforementioned articles, this fiber is made of glass waveguide may comprise
several paths superim-  55   doped with an optically active metallic oxide
such as 



posed upon each other in different planes, with    erbium [err] which is
capable of developing an am- means for connecting the different paths to
form the  plifying effect under the action of the emission of a wavegulde.
pumping laser, or pump 4. The pump emission is de- Another aspect of the
invention is a method of  livered to the fiber 1 by a dichroic mirror 2. As
known 3    5                   EP 0440 049 B1                  6 in the
art, the pumping laser is chosen to emit pump-  exchange across the mask
forms the waveguide in ing radiation at a wavelength corresponding to an
ab-  the body. A second ion exchange under an electric sorption band of the
optically active material in fiber  field, after the removal of the mask,
embeds this wa- 1. The fiber length is a function of the power of the   5
veguide below the surface of the body. pump and of the quantity of doping,
which are them-    This method, which is similar to methods of pro- selves
functions of the amplification required to am-  duction of integrated
electronic circuits, lends itself to plify the input signal.
inexpensive mass production of waveguides in rela- An optical signal [err]
to be amplified, modulated in  tively complex shapes, which is advantageous
in the a carrier light of wavelength [err] and conveyed in an   10  present
invention, as explained below. Input optical fiber 3 or another waveguide,
Is injected  FIG. 2 is a schematic of an optical signal ampli- into fiber 1
by reflection against the dichroic mirror 2.  fier made in accordance with
one embodiment of the Signal [err] Is amplified by means of the stimulated
present invention. In the the following description, nu- emission in
optical fiber 1. After amplification, signal  merical references with a
"prime" indicate identical or [err] is separated from the pumping energy by
optical  15  analogous features. The amplifier depicted in FIG. 2 filter 5
at the output end of fiber 1.             comprises a vitreous (glass) body
doped as descri- The signal S can then be reinjected into an out-  bed
above with an optically active material in order to put optical fiber 6 in
order to be further transmitted,  develop an amplifier effect. In
accordance with the in- similar to retransmission after optoelectronic
ampli-  vention, body 7 contains an integrated waveguide 1' fication by a
repeater in existing telecommunications   20  embedded below the surface of
body 7. This guide is systems. Thus, the amplifier in FIG. 1 may be substi-
manufactured by means of a mask having the shape tuted for an
optoelectronic repeater which is conven-  of waveguide 1 and a double
exchange of ions, as de- tionally utilized to regenerate the signal to be
retrans-  scribed in U.S. patent 4,765,702. mitted, after the signal has
been attenuated over the  In accordance with another embodiment of the
length of optical fiber 3 whose end is coupled at the   25  invention,
components such as a wavelength multi- amplifier input.
plexing coupler 2' and a wavelength demultiplexing As also described above,
if one to several meters  coupler 5' may be integrated with the amplifier
wave- of optical fiber are necessary to attain the level of am-  guide.
These couplers may be produced by the same plification necessary for the
signal [err] it is then nec-  integrated optics technology as the waveguide
1'. essary to wind the fiber on a spool, or bobbin. In ad-  30   Methods of
producing such couplers as proximity dition, the wound fiber 1 must be
connected to com-  couplers are described connection with in FIG. 4 of
ponents 2 and 5, and further connection must be pro-  U.S. patent
4,765,702. This provides an integrated vided to Input fiber 3 and and
output fiber 6. This con-  assembly of the waveguide and the couplers that
is statutes a cumbersome assembly which is tedious to  especially compact
and appropriate for inexpensive produce and hence costly.
35   mass production. In accordance with the present invention, these
Coupler 2' is a wavelength multiplexing coupler difficulties are removed by
the use of integrated op-  permitting the combination of two wavelengths in
tics technology to produce a waveguide which de-   amplifier waveguide 1':
i) pump energy at a wave- fines an optical path embedded in a glass body
doped  length [err] furnished by a pumping laser 8; and, 11) the with an
optically active material. An amplifier effect is  40  signal to be
amplified at wavelength [err] transmitted by created in the optically
active material by an inversion  input fiber 3. The demultiplexing coupler
5' permits of population produced by a pumping radiation. inte-  the
separation of the two wavelengths delivered to grated optics technology Is
used to integrate into the  the amplifier output: 1) the amplified signal
at wave- doped glass body a waveguide path with maximized   length [err]
which is coupled to output optical fiber 6; length per unit area. Thus, a
compact amplifier is pro-  45  and, ii) the unabsorbed pump energy at
wavelength duced with a manufacturing method that lends itself  [err] which
is coupled into another path 5" of demulti- to low cost mass production.
plexing coupler 5'. A photosensitive component 9, The method used is,
preferably, that which is de-  such as a semiconductor diode sensitive to
radiation scribed in Dohan et al. U.S. patent 4,765,702, Beguin  of length
[err] may be used to provide an indication of U.S. patent 4,933,262 and
Dannoux et al. U.S. patent  50  the power coupled into this path. This
indication may 4,943,130 which are assigned to the assignee of the  be used
in a feed-back control (not shown) of the 



present invention. For example, U.S. patent        power of the laser pump
8. 4,785,702 describes the production of a photolitho-    Thus, in
accordance with the present invention, graphic mask on the surface of a
body of vitreous ma-  a very small waveguide 1', of a diameter on the order
terial such as glass. In order to obtain the amplifier ef-  55   of a few
microns, for example, is Integrated in body 7. fect required in the present
invent ion, we use a glass  This design retains the amplifier effect which
Is body doped with a rare earth metallic oxide as descri-  otherwise
developed throughout the body because of bed above. The mask is formed in
the shape of the  the doping with optically active material. Dopants
waveguide to be integrated into the body. A first ion  usable in the
invention are described in Najaf I et al., 4    7
EP0440049B1                     8 "Ion-exchanged rare-earth doped
waveguides", First  The utilization of such a demultiplexing coupler is ad-
International Congress of Optical Science and Engin-  vantageous in that
the path of the amplified signal eering, April 24-28, 1989. See also, Najaf
let al., ion-  may be used for other purposes, for example the exchanged
rare-earth doped waveguides", SPIE Vol.   5   measurement of the power of
the pump laser 8 by 1128 Glasses for Optoelectronics, 1989 pp. 142-144.
photosensitive component 9, in order to control the The dopant is chosen
such that one of the absorption  pump power by means of a feedback loop as
descri- bands of the doped glass will be centered at the wa-  bed above.
velength of the pump laser emission, and in such a     We refer now to
FIGs. 3 to 5 which depict various way that this absorption band will
provoke a popula-  10  configurations of the amplifier waveguide in accor-
tion Inversion which will result in re-emission at the  dance with the
present invention, each of which pro- wavelength of the signal to be
amplified, that is A,.  vides the compactness which is an essential feature
As an example, by doping with the erbium ion    of the invention. As
described above, the length of [err] absorption bands centered upon 980 and
1480   the amplifier waveguide can vary, for example, be- nm may be
created, with re-emission at about 1540   15  tween 0.5 and 10 meters.
Integrated optical compo- nm. The emission wavelength corresponds with that
nents are glass bodies with a small surfaces. The of the signal to be
amplified, which is emitted by sem-  glass body used in the amplifier in
accordance with iconductor laser diodes available commercially. A  the
invention, should have a reduced surface area, suitable amplifier effect is
obtained with erbium con-  on the order of 20 to 40 [err] for example.
Therefore, centrations on the order of a few percent in weight for  20
according to the present Invention, waveguide 1' has waveguide interaction
lengths on the order of one  configuration which defines an optical path as
long meter.                                             as possible within
a space as small as possible. It is also possible to dope the glass with
other   In FIG. 3, two mirrors 10 are placed at two par- metallic oxides,
Nd or Yb, for example. Also, opera-  allel faces of body 7, the waveguide
1' defining a zig- tion at another pump wavelength, for example 820   25
zag optical path between the two mirrors 10. Two ad- nm, may be achieved
with erbium concentrations of  jacent guide lengths [err] and [err] are
connected with less than 1 percent. The stimulation of the erbium re-  one
mirror and then the other following symmetrical suits then from the pumping
of the neodymium or the  inclines with respect to a line normal to the
mirror at ytterbium and from a transfer of stimulation. One can  connection
point 11. Thus, the light received incident thus improve the effectiveness
of the pumping. We   30  upon point 11, aftertransmission along a guide
length can refer in this respect to Barnes et al., [err]  1', for example,
is reflected in the adjacent guide and [err] doped fiber lasers", "Journal
of Lightwave  length. Thus the input light is carried along the am-
Technology", Vol. 7, No. 10, October, 1989, pages  plifier wavegulde by
means of successive reflections 1461 ff.      ,
at each of the two mirrors up to end of guide 1' next In FIG. 2, the
wavelength multiplexing coupler 2',  35  to output optical fiber 6. as
depicted, includes two waveguides In proximity.     The mirrors 10 may be
formed by the metalliza- Advantageously, the multiplexer is optimized to
min-  tion of the two parallel surfaces of body 7. In another Imize the
attenuation of the two signals being super-  embodiment, these mirrors may
be made of indepen- imposed, at a value less than 10% of the input power,
dent bodies joined to body 7. for example. By minimizing the attenuation
losses   40  As the integrated optics technology described seen by the
input signal [err] the length of interaction  above enables the creation of
embedded waveguides which is necessary in amplifier waveguide 1' may   with
a diameterof only a few microns, we have invent- also be minimized.
ed the guide as depicted in FIG. 3 which enables the The length of latter
issuch that it must present an  placement of a great length of waveguide
within a optimal length, which is a function of the power emit-  45   glass
body 7 having a very small surface. ted bysource 8 fortransmission through
amplifierfib-   In accordance with a another embodiment of the er 8, and of
the concentration of dopant ions present  Invention, as shown in FIG. 4,
the lengths of consec- 



in the glass of body 7. This length typically may vary  utive guides ([err]
and [err] for example) are all coplanar between 0.5 and 10 meters.
and substantially parallel to one another, with adja- In a typical system,
the amplified signal and the   50  cent guide lengths connected two by two
on one side unabsorbed pump energy may be separated at the     by curved
waveguide sections such as 12, 12', etc. amplifier exit by means of a
dichroic filter. In accor-  The curved wavegulde sections are formed on
alter- dance with one embodiment of the present invention,  nating sides of
the glass body 7 for successive pairs this function is carried out by
wavelength demulti-  of guide lengths. This arrangement eliminates the
plexing coupler 5', which is analogous to input coupler  55   necessity of
the mirrors 10 that are depicted in FIG. 2', but which functions in the
inverse direction. This  3, whose axial position tolerance can be critical.
In or- demultiplexer 5' can be optimized to minimize the  der to minimize
the losses due to propagation within pump power remaining In the path of
the amplified  the curved sections which have very small radii of signal
and thus obtain a better signal to noise ratio.  curvature, the latter must
not be of less than a certain 5    9                  EP0440049B1
10 value on the order of a millimeter, a value which is a  in Dannoux et
al. U.S. patent 4,943,130 may be used function of the index differential
between the ampli-  to align fibers 3 and 6 with the amplifier waveguide.
fier waveguide and the remaining doped glass of   Also, active components
may be directly associated body 7. As an example, in order that the loss
due to   5   in a hybrid circuit with the amplifier wavegulde 1', the
curvature not exceed 0.1 dB at each curvilinear  without pigtails, as
depicted in FIG. 2. For example, section with a 2mm radius of curvature,
the index dif-  the amplifier may include a pumping laser diode 8 ference
must be on the order of 1%.               and a photosensitive component 9
for the detection A further embodiment of the invention which    of
unabsorbed pump light. The final optical compo- avoids the difficulties
mentioned above, is depicted   10  nent thus obtained is more compact and
has higher in FIG. 5, in which the amplifier waveguide is formed
performance, and the number of surfaces of the com- in a spiral path. As an
example, the spiral path may  ponent Is reduced. comprise semicircular
guide lengths connected at      Similarly, the separation of the amplified
signal their ends and having decreasing diameters as the  and the pump
light at the amplifier wavegulde exit path moves from input fiber 3 toward
output fiber 6,  15  may be accomplished with the aid of a dichroic filter
in accordance with an arithmetic progression. Fibers  placed in a groove
crossing the waveguide (1') close 3 and 6 are connected to the spiral path
by tangential  to its exit end. segments of guide 13 and 13', respectively.
Prefer-  In addition, the application described above for ably,
semicircular length 14 is connected with output  the inventive amplifier
(i.e., in an optical telecommu- segment 13', in such a way that output
segment 13'  20  nication circuit) Is not exclusive. The inventive ampli-
crosses the turns along a diameter of the semicircular  fier may also be
used in any optical fiber network guide lengths. This configuration enables
the minimi-  where there is high passive component density (e.g., zation of
the losses at the intersections between the  connectors, couplers,
multiplexers, etc.), if such a rectilinear segment 13' and the turns of the
guide  network requires the regeneration of transmitted sig- traversed by
this segment.                    25  nals. As an example, according to the
present inven-    Furthermore, the invention is not limited to an tion, an
amplifier wavegulde approximately 2 meters  amplifier which includes a
waveguide embedded in a long may be created with an initial diameter of
about  single plane. If further compactness is desired for the 40 mm and a
terminal diameter of the final semicircle  component, the guide may be
integrated in a volume 14 of about 18.4 mm.                         30  In
several superimposed guide sections, with means Numerous
otherconfigurations of spirals orother  provided for optically connecting
the different copla- lines may be utilized in the amplifier in accordance
nar sections of the wavegulde. with the invention, provided that the
configurations ensure a close arrangement of the adjacent guide lengths,
minimizing the space necessary for integrat-  35  Claims ing a guide of a
given length in body 7, as a function of the amplification required by the
input signal.  1. A stimulated emission optical signal amplifier The
amplifier, of the present invention presents  comprising a glass optical
waveguide doped with numerous advantages. It is compact, lightweight and
an optically active material capable of producing appropriate for
inexpensive mass production. It intro-  40  a population inversion under a
pumping radia- duces few losses, primarily due to the fact that the  tion,
means for coupling into the wavegulde at amplifier wavegulde is embedded,
which immunizes      one end pump power emitted by a laser at an ab- it
against surface losses while establishing index pro-  sorption wavelength
of said active material, and 



files similar to those In a single mode fiber. Accord-  means for coupling
Into the waveguide signal ingly, the inventive amplifier design reduces the
cou-  45  power, modulated by the Input signal to be ampli- pling losses
between the integrated amplifier wave-   fied, at the emission wavelength
of said active guide and output fiber 6 connected at the exit of the
material, wherein said waveguide is integrated waveguide.
and buried into a glass body that Is doped with The utilization of
integrated optics technologies  said active material, and said waveguide is
Inte- for the production of the amplifier in accordance with  50  grated in
closely spaced adjacent guide lengths the invention enables the production
of complex cir-  in order to minimize the space necessary for a cuits. For
example, such a circuit may incorporate    given length of waveguide.
optical laser pumping in a manner analogous with that which is described in
the above cited article of  2. The optical signal amplifier of claim 1,
wherein Najafi et al.                                55       said closely
spaced adjacent guide lengths form The invention is not limited to the
particular    a spiral path. methods of production described and
represented herein, which have been provided only as examples.  3. The
optical signal amplifier of claim 2, wherein Hybridization techniques
similar to those described   said spiral path comprises successive half- 6
9                   EP 0 440 049 B1                 10 value on the order
of a millimeter, a value which is a  in Dannoux et al. U.S. patent
4,943,130 may be used function of the index differential between the ampli-
to align fibers 3 and 6 with the amplifier waveguide. fier waveguide and
the remaining doped glass of    Also, active components may be directly
associated body 7. As an example, in order that the loss due to   5   In a
hybrid circuit with the amplifier waveguide 1', the curvature not exceed
0.1 dB at each curvilinear  without pigtails, as depicted in FIG. 2. For
example, section with a 2mm radius of curvature, the index dif-  the
amplifier may include a pumping laser diode 8 ference must be on the order
of 1%.                and a photosensitive component 9 for the detection A
further embodiment of the invention which     of unabsorbed pump light. The
final optical compo- avoids the difficulties mentioned above, is depicted
10  nent thus obtained is more compact and has higher in FIG. 5, In which
the amplif ier waveguide Is formed  performance, and the number of surfaces
of the com- in a spiral path. As an example, the spiral path may  ponent is
reduced. comprise semicircular guide lengths connected at       Similarly,
the separation of the amplified signal their ends and having decreasing
diameters as the  and the pump light at the amplifier waveguide exit path
moves from input fiber 3 toward output fiber 6,  15   may be accomplished
with the aid of a dichroic filter in accordance with an arithmetic
progression. Fibers  placed in a groove crossing the waveguide (1') close 3
and 6 are connected to the spiral path by tangential  to its exit end.
segments of guide 13 and 13', respectively. Prefer-   In addition, the
application described above for ably, semicircular length 14 is connected
with output  the inventive amplifier (i.e., in an optical telecommu-
segment 13', in such a way that output segment 13'  20  nication circuit)
is not exclusive. The inventive ampli- crosses the turns along a diameter
of the semicircular  fier may also be used in any optical fiber network
guide lengths. This configuration enables the minimi-  where there is high
passive component density (e.g., zation of the losses at the intersections
between the  connectors, couplers, multiplexers, etc.), If such a
rectilinear segment 13' and the turns of the guide  network requires the
regeneration of transmitted sig- traversed by this segment.
25  nals. As an example, according to the present inven-     Furthermore,
the invention is not limited to an tion, an amplifier waveguide
approximately 2 meters  amplifier which includes a waveguide embedded in a
long may be created with an initial diameter of about  single plane. If
further compactness is desired for the 40 mm and a terminal diameter of the
final semicircle  component, the guide may be integrated in a volume 14 of
about 18.4 mm.                          30  In several superimposed guide
sections, with means Numerous other configurations of spirals orother
provided for optically connecting the different copla- lines may be
utilized in the amplifier in accordance  nar sections of the waveguide.
with the invention, provided that the configurations ensure a close
arrangement of the adjacent guide lengths, minimizing the space necessary
for integrat-  35   Claims ing a guide of a given length in body 7, as a
function of the amplification required by the input signal.  1. A
stimulated emission optical signal amplifier The amplifier, of the present
invention presents   comprising a glass optical waveguide doped with
numerous advantages. It is compact, lightweight and    an optically active
material capable of producing 



appropriate for Inexpensive mass production. It intro-  40  a population
inversion under a pumping radia- duces few losses, primarily due to the
fact that the   tion, means for coupling into the waveguide at amplifier
wavegulde is embedded, which immunizes       one end pump power emitted by
a laser at an ab- it against surface losses while establishing index pro-
sorption wavelength of said active material, and files similar to those in
a single mode fiber. Accord-  means for coupling into the waveguide signal
ingly, the Inventive amplifier design reduces the cou-  45  power,
modulated by the input signal to be ampli- pling losses between the
integrated amplifier wave-   fled, at the emission wavelength of said
active guide and output fiber 6 connected at the exit of the  material,
wherein said waveguide is integrated waveguide.
and buried into a glass body that is doped with The utilization of
Integrated optics technologies  said active material, and said waveguide is
Inte- for the production of the amplifier in accordance with  50  grated in
closely spaced adjacent guide lengths the invention enables the production
of complex cir-  in order to minimize the space necessary for a cuits. For
example, such a circuit may incorporate     given length of wavegulde.
optical laser pumping in a manner analogous with that which is described in
the above cited article of  2. The optical signal amplifier of claim 1,
wherein Najaf I et al.                                55       said closely
spaced adjacent guide lengths form The invention is not limited to the
particular     a spiral path. methods of production described and
represented herein, which have been provided only as examples.  3. The
optical signal amplifier of claim 2, wherein Hybridization techniques
similar to those described    said spiral path comprises successive half- 6
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whose radii are in an arith-  veguide doped with an optically active
material metic progression.                                 capable of
producing a population inversion un- der a pumping radiation, and further
Including 4. The optical signal amplifier of claim 1, wherein   5  means
for coupling into said wavegulde at one said guide lengths are coplanar and
substantially  end pump power emitted by a laser at an absorp- parallel,
and further comprising curved sections   tion wavelength of said active
material, and sig- of wavegulde connecting each pair of adjacent      nal
power, modulated by the Input signal to be guide lengths on one side,
wherein said curved     amplified, at the emission wavelength of said ac-
sections of wavegulde are formed on alternating   10  tive material, and
means for extracting an ampli- sides of said body for successive pairs of
said    fied output signal from another end of said wave- guide lengths.
guide, said method comprising integrating and 5. The optical signal
amplifier of claim 1, further    burying said optical waveguide into a
glass body comprising mirrors on two parallel faces of said  15  doped with
said optically active material by pho- glass body, and wherein the
waveguide defines      tolithographic masking and ion exchange, said a
planar optical path zigzagging between these     waveguide being Integrated
in closely spaced ad- two mirrors.
jacent guide lengths in order to minimize the space necessary for a given
length of waveguide. 6. The optical signal amplifier of claim 5, wherein
20 said mirrors are integrated with said body by   14. The method of claim
13, further comprising means of metallization of said body faces.
integrating proximity couplers in the dop- ed glass body at the ends of the
waveguide, the 7. The optical signal amplifier of claim 1, wherein
coupler at one end for providing the pump power the waveguide comprises at
least two paths su-  25  input to the guide, and the coupler at the other
perimposed upon each other in different planes,    end for extracting the
amplified light signal. with means for connecting the different paths to
form the waveguide.                             15. The method of claim 13,
wherein said optically active material comprises Erbium ions with an 8. The
optical signal amplifier of claim 1, further  30  emission wavelength band
in the range of 1540 comprising coupler means integrated in the dop-    nm.
ed glass body and associated with at least one end of said waveguide.
PatentansprOche 9. The optical signal amplifier of claim 8, wherein  35 



said coupler means comprises a coupler at one   1. Optischer
Signalverstirker fOr stimulierte Emis- end of said waveguide for providing
the pump       sion, mit elnem optischen Wellenleiter aus Glas, power input
to the guide, and a coupler at the     der mit elnem optisch aktiven
Material, das zur otherend forextracting the amplified light signal.
Erzeugung einer Besetzungsinversion unter En- 40     flug einer
Pumpstrahlung fahig ist dotlert ist mit 10. The optical signal amplifier of
claim 8 wherein     elner Einrichtung zur Einkopplung einer von el- said
coupler means comprises at least one prox-    nem Laser bel einer
AbsorptlonswellenlAnge des Imity coupler.
aktiven Materials emittlerten Pumpleistung in den Wellenleiter an einem
Ende, und mit einer 11. The optical signal amplifier of claim 1, wherein
45  Einrichtung zur Einkopplung einer Signalleistung said dopant comprises
Erbium ions, and wherein     in den Wellenleiter, die durch das zu
verstirken- said the wavelength of said signal power is In the  de
Eingangssignal moduliert ist, bel der Emissi- range of 1540 nm.
onswellenlafnge des aktiven Materials, wobel der Wellenlelter In elnen mit
dem aktiven Material do- 12. The optical signal amplifier of claim 1,
further  5o  tierten GlaskOrper Integriert und eingebettet ist comprising
photosensitive means coupled to an      und der Wellenlelter in eng
beabstandete, be- output end of the waveguide for monitoring the
nachbarte FuhrungslAngen zur Minimlerung des unabsorbed pump power, and
wherein said glass      fOr sine gogebene LAnge des Wellenleiters noti-
body, said pump laser and said photodetector       gen Raumes Integriert
ist. means are Interconnected In a hybrid circuit with-  55 out pigtails.
2. Optischer Signalverstarker nach Anspruch 1, be! dam die eng zuelnander
beabstandeten, benach- 13. A method of making a stimulated emission opti-
barten Fflhrungs- bzw. LelterlAngen einen Spi- cal signal amplifier
Including a glass optical wa-  raiweg bilden. 7    13
EP0440049B1 3. Optischer Signalverstarker nach Anspruch 2, bei
Oberwachung der nicht absorbierten Pumplel- dem der Spiralweg
aufeinanderfoigende, halb-      stung gekoppelt ist, aufweist, und bei dem
der kreisformige Leiterlangen aufweist, deren Radi-    Glaskorper, der
Pumplaser und die Photodetek- en in einer arithmetischen Reihe liegen.   5
toreinrichtung In einem Hybridschaitkrels ohne Anschlul~fasern miteinander
verbunden sind. 4. Optischer Signalverstarker nach Anspruch 1, wobei die
FOhrungslingen koplanar und im we-   13. Verfahren zur Herstellung eines
optischen Si- sentlichen parallel sind, mit gekrfmmten Ab-
gnalverstirkers mitstimullerter Emission, der e1- schnitten des
Wellenlelters, welche jedes Paar  10  nen optischen Glaswellenleiter
aufweslt, der mit benachbarter Leiterlangen auf einer Seite verbin-  einem
optisch aktiven Material dotiert Ist, das zur den, wobel die gekrfmmten
Abschnitte des Wel-      Erzeugung einer Besetzungsinverslon unter Eln-
lenlelters auf. wechseinden Seiten des Korpers    flug einer Pumpstrahlung
fahig ist, und auSer- far aufeinanderfolgende Paare der Leiterlangen
dem esne Elnrichtung zum Elnkoppeln einer von gebildet sind.
1C     elnem Laser bel elner Absorptionswellenlinge des aktiven Materlals
emittierten Pumpleistung 5. Optischer Sighalverstarker nach Anspruch 1, der
In den Wellenleiter an einem Ende aufweist, und auf zwei parallelen Flachen
des Glask6rpers       eine durch das zu verstarkende Eingangssignal Spiegel
aufwelst, und bei dem der Wellenleiter ei-  modulierte Signalleistung bel
der Emissionswel- nen planaren optischen Weg definiert, der zwl-  20
lenlange des aktiven Materials, und eine Einrich- .~  schen diesen beiden
Splegeln zickzackformig        tung zum Auskoppeln eines verstarkten Aus-
verlauft.                                          gangssignals von einem
anderen Ende des Wei- lenleiters, 6. Optischer Signalverstarker nach
Anspruch 5, bei    wobei das Verfahren des Integrieren und Einbet- dem die
Spiegel mit dem KOrper durch Metailisis-  25  ten des optischen
Wellenielters In elnen mit dem rung der Korperflichen integriert sind.
optisch aktiven Material durch photolithographi- sches Maskieren und
lonenaustausch dotlerten 7. Optischer Signalverstarker nach Anspruch 1,
Glaskorper aufweist, wobei der Wellenleiter in wobel der Wellenleiter
wenigstens zwei Wege        nahe zusinander beabstandete, benachbarte
aufweist, die elnander in verschiedenen Ebenen   30  Fuhrungs- bzw.
Leiterlangen zur Minimierung uberlagert sind, mit elner Einrichtung zur
Verbin-  des fOr eine gegebene i.ange des Wellenlelters 



dung der verschiedenen Wege zur Bildung des       notigen Raumes integriert
wird. Wellenleiters. 14. Verfahren nach Anspruch 13, das weiterhin das 8.
Optischer Signalverstarker nach Anspruch 1, der  3s  Integrieren von
Annaherungskopplern in dem do- auBerdem elnre Kopplereinrichtung aufweist,
die   tiertbn Glask5rper an den Enden des Wellenlei- in den dotierten
Glaskirper integriert und wenig-  ters aufweist, sowie den Koppler an elnem
Ende stens einem Ende des Wellenleiters zugeordnet     zur Schaffung des
Pumpleistungseinganges ist.
zum Leiter, und den Koppler am anderen Ends 40      zum Auskoppein des
verstirktbn Lichtsignals. 9. Optischer Signalverstarker nach Anspruch 8,
wobei die Kopplereinrichtung einen Koppler an  15. Verfahren nach Anspruch
13, wobel das optisch elnem Ende des Wellenleiters, aufweist, urn den
aktive Material Erbiumlonen mit einem Emismm- Pumplelbtungseingang in den
Leiterzu schaffen,    onswelleniingenband im Bereich von 1540 nm sowie
einen Koppler an dem anderen Ende zum   45   aufweist. Auskoppeln des
verstirkten Lichtsignals. 10. OptIscher Signalverstirker nach Anspruch 8,
Revendications wobel die Kopplerelnrichtung wenigstens einen
Anniherungskoppler aufweist.              5o  1. Amplificateur de signaux
optiques A emission sti- mul6e comprenant un guide d'ondes optiques en 11.
Optischer Signalverstarker nach Anspruch 1,       verre dop6 avec une
matiere optiquement active wobei die Dotlerung Erblumionen aufweist und
capable de produire une inversion de population wobei die Wellenlinge der
Signalleistung im Be-   sous I'action d'un rayonnementde pompage, des reich
von 1540 nm liegt.                 5s        moyens pour coupler au guide
d'ondes, A une ex- tr6mit6, I'6nergle de pompage 6mise par un laser 12.
Optischer Signalverstarker nach Anspruch 1, der   A upe longueur d'onde
d'absorptlon de ladite ma- zudem eine photoempfindllche Einrichtung, die
tiere optiquement active, et des moyens pour an ein Ausgangsende des
Wellenleiters zur         coupler au guide d'ondes l'6nergbe de signal mo-
8    dulee par le signal d'entree A amplifier, A la Ion-  mant coupleur
comprennent un coupleur A une ~'-   gueur d'onde d'bmission de ladite
matlere opti-   extremite dudit guide d'ondes pour fournir l'ener- quement
active, dans lequel ledit gulde d'ondes   gle de pompakie en entr6e au
guide d'ondes, et est int6gr6 et enterre dans un corps de verre qui   5  un
coupleur a i'autre extrbmit6 pour extraire le si- est dope avec lad ite
matiere optiquement active,  gnal lumineux amplifti. et ledit guide d'ondes
est Integr6 en longueurs de guide voisines 6troltement espacoes afin de r6-
10. Amplificateur de signaux optiques sslon la re- dulre au minimum la
place n6cessaire pour une     vendication 8, dans lequel lesdits moyens
for- longueur donnbe de guide d'ondes.         10      mant coupleur
comprennent au moins un cou- pleur A proxlmite. 2. Amplificateur de signaux
optiques selon la re- vendication 1i dans lequel leedites longuours de  11.
Amplificateur de signaux optiques selon la re- guide d'ondes voisines
etroitement espacbes for-  vendication 1, dans lequel ledit dopant est
cons- ment un trajet en spirale.                15      titu6 par des Ions
d'erblum, et dans [equel ladite longueur d'onde de l'energle du signal est
d'envi- 3. Amplificateur de signaux optiques selon la re-    ron 1540 nm.
vendication 2, dans lequel ledit trajet en spirals comprend des longueurs
de guide semi-          12. Amplificateur de signaux optiques selon la re-
circulaires successives dont lea rayons sont se-  20  vendicatlon 1,
comprenant en outre des moyens Ion une progression arithmetique.
photosensibles couples A une extremit6 de sortie du guide d'ondes pour
surveiller l'energle de 4. Amplificateur de signaux optiques selon la re-
pompage non absorb6e, et dans lequel ledit vendicatIon 1, dans lequel
lesdites longueurs de  corps de verre, ledit laser de pompage et lesdits
guide sont coplanaires et sensiblement paralle-  25  moyens photodetecteurs
sont interconnectes les, et comprenant en outre des troncons cour-    dans
un circuit hybride sans queues de cochon. bes de guide d'ondes reliant
chaque pairs de Ion- gueurs de guide voisines d'un cotb, et dans le-  13.
Procbd6 de fabrication d'un amplificateur de si- quel lesdits troncons
courbes de guide d'ondes    gnaux optiques comportant un guide d'ondes op- 



sont formbs sur des cotes alternbs dudit corps de   30  tiques en verre
dope avec une matiAre optique- verre (7) pour des paires successives
desdites    ment active capable de produire une inversion de longueurs de
guide d'ondes.                       population sous l'action d'un
rayonnement de pompage, et comportant en outre des moyens 5. Amplificateur
de signaux optiques selon la re-    pour coupler audit guide d'ondes, A une
extrbmi- vendication 1+ comprenant en outre des miroirs  35    tW, M'nergie
de pompage 6mise parun laser Aune surdeuxfaces parallles dudit corps de
verre (7),  lorigueur donde d'absorption de laditb matire et dans lequel le
guide d'ondes definit un trajet  optiquement active, et une energle de
signal mo- optique plan zigzaguant entre ces deux miroirs.   duleo par le
signal d'entree A amplifler, A la Ion- gueur d'onde d'6misslon de ladite
matilre opti- 6. Ampltficateur de signaux optiques selon la re-  40
quement active, et des moyens pour extraire un vendication 5, dans lequel
lesdits miroirs sont In-  signal de sortie amplifib d'une autre extremitb
tegrbs dans ledit corps de verre au moyen de la   dudit guide d'ondes,
m~tallisation desdites faces du corps de verre.        ledit procedd
comprenant les Mtapes consistant A integrer et enterrer ledit guide d'on-
7. Amplificateur de signaux optiques selon la re-  45  des optiques dans un
corps de verre dope avec vendication i, dans lequel le guide d'ondes
ladite matlire optiquement active par masquage comprend au moins deux
trajets superposes l'un    de photogravure et echange d'ions, ledit guide
au-dessus de l'autre dans des plans differents,   d'ondes btant integre
sous la forms de longueurs avec des moyens pour relier lea differents
trajets  de guide voisines btroitement espacbes pour rb- pour former le
guide d'ondes.             50      duire au minimum la place nbcessaire
pour une longueur donnee de guide d'ondes. 8. Amplficateur de signaux
optiques selon la re- vendication 1, comprenant en outre des moyens  14.
Procdde selon la revendication 13, comprenant formant coupleur integrbs
dans le corps de verre  en outre l'btape consistant A intbgrer des cou-
dopb et associes A au molns une extremite dudit  us  pleurs A proxlmite
dans le corps de verre dope guide d'ondes.
aux extremites du guide d'ondes, le coupleur si- tu A une extrimit6 btant
prevu pour fournir 9. Amplilficateur.'de signaux optiques selon Ia re-
I'erirgie de pompage en entree au guide don- vendication 8, dans lequel
lesdits moyens for-    des, et le coupleur stu6 A l'autre extremKe btant 9
17                  EP 0 440 049 B1                 18 pr6vu pour extraire
le signal lumineux amplif M6. 15. ProcWdh solon la revendication 13, dans
1equel ladite matire optiquement active est constitu6e   5 par des Ions
d'erbium ayant une bands de Ion- gueurs d'onde d'Amisslon autour de 1540
nm. 10 15 20 25 30 35 40 45 50 55 10    


