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57) ABSTRACT

An optical amplifier and a laser generator based on the fiber
side-polished technology having a high pumping efficiency,
a low noise figure and a small footprint are provided in this
application. The optical amplifier and the laser, which have
a very long effective interaction length in conjunction with
highly doped Erbium glass attached to its surface and an
addition of a slanted fiber grating inscribed in the guiding
core at the polished region can spatially separate the signal
and pump power to simultaneously improve the pumping
efficiency and optimize the penetrated depth of the signal
evanescent-field. The spontaneous emission is kept from
being amplified and therefore a high quality amplified signal
is produced.
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EVANESCENT-FIELD OPTICAL AMPLIFIERS AND
LASERS

FIELD OF THE INVENTION

[0001] The present invention relates to an optical amplifier
and a laser, in particular to the optical amplifier and the laser,
which have an optical gain medium overlaying the evanes-
cent-field of a side-polished fiber and a grating inscribed in
a guiding core in side-polished region.

BACKGROUND OF THE INVENTION

[0002] The optical amplifier, which is one of the most
important devices for the optical communication system,
can regenerate a light signal, which is attenuated while
transmitting and dividing. Therefore, the development of an
optical amplifier, which has a smaller volume, less noise and
lower price will have a great effect on the metropolitan and
the access network in the future.

[0003] In chief, three kinds of optical amplifiers are wide-
spread in the fiber communication system, i.e. a semicon-
ductor type, a doped fiber type and a nonlinear type. Prob-
lems of the inter-signal modulation and the distortion are
easily resulted from the channel crosstalk, the four-wave
mixing and the sensitivity to the polarization while the
semiconductor amplifier is used for the dense wavelength
division multiplexing (DWDM) system. Furthermore, a
large refractive index difference between the semiconductor
material and the transmission fiber leads to significant
Fresnel reflection losses.

[0004] The Raman amplifier utilizing a nonlinear effect
has been extensively commercialized in the recent years.
The Raman amplifier has a very broad bandwidth for light
amplification. However, an amplifying medium of a long-
distance fiber and a high-power pumping laser are required
due to the poor nonlinear coefficients of the silica fibers. As
a result, the cost is expensive and the efficiency is less than
those of the doped fiber amplifier. Hence the Raman ampli-
fier dominates the wavelengths in which the doped fiber
amplifier cannot operate.

[0005] Nowadays, the doped fiber amplifier is the most
important and popular active device used for the DWDM
system. The doped fiber, which has a dopant of rare-earth
ions in the fiber, provides an optical gain of a broad
wavelength range by utilizing an energy difference gener-
ating from a transition of the excited electron in the 4f
electronic shell of the lanthanons series element and thereby
an intensity of the light signal in the range is amplified
through these excited electrons.

[0006] The erbium-doped fiber amplifier (EDFA) is the
most improved one among the various doped fiber amplifi-
ers. The working principle of the so-called EDFA is
described as follows: Firstly, a pumping laser provides an
appropriate initial optical source to excite the electron in the
4f electronic shell of the erbium ion from a ground state to
an excited state. Then, when a light signal passes through,
the transition to the ground state of the excited electron will
be induced and then a photon having a same C band as the
light signal will be emitted. The purpose of amplification is
thus achieved.

[0007] The signal intensity will decay a lot when the
DWDM signal transmits for a long distance or when the

Nov. 4, 2004

DWDM signal is divided. The intensity decaying will make
the signal have a poor signal-to-noise ratio (SNR) and
seriously influence the transmission quality. In order to relay
the light signal in the network, the intensity of the light
signal must be amplified by the EDFA after light transmit-
ting or dividing.

[0008] Furthermore, the energy of the light signal can be
directly amplified by the EDFA and a complicated optic-
electro transformation is needless to involve. Such amplifi-
cation has the advantages of the high amplification factor
and the optical gain and the light polarization can be
maintained. A simultaneous amplification for different
wavelengths is hence achieved. The great development of
the EDFA has improved the optical transparency of the
physical layer in the optical communication and made the
fiber communication break the limitation of the conventional
optic-electro-optic transformation so as to enter a new age of
the photonic network.

[0009] Besides, a fiber laser can be manufactured by
applying the operation mechanism of the EDFA. An optical
resonance system for exciting the photon is formed by
installing a set of fiber gratings at both ends of the erbium
doped fiber. The excited energy receives exciting emissions
when the pumping light is repeatedly reflected in the fiber
and the energy is amplified to generate a laser.

[0010] However, efforts to overcome the difficulties rela-
tive to the structure of EDFA are still necessary to be done.
Since the modified chemical vapor deposition (MCVD)
processing of the EDFA is employed, the erbium ion con-
centration is not easily to be controlled to prevent the
up-conversion or the pair-induced quenching resulted from
the uneven distribution of erbium ions, which cause a lower
quantum efficiency. Therefore, the length of the erbium
doped fiber must be long enough (>1 m) to achieve the
amplification and thus the volume of the optical amplifier
cannot be effectively reduced.

[0011] Although the pumping light and the signal light can
most compactly and effectively overlap by completely dop-
ing the optical gain medium into the guiding core, the
amplified spontaneous emission is limited in the guiding
core and continuously amplified. This effect leads to a
competition for the optical gain between the amplified
spontaneous emission and the signal light and a poor SNR
of the signal.

[0012] Since the application of the optical amplifier is so
broad, a great effort has been done for manufacturing the
optical amplifier and the laser in the field of fiber device.
Several manufacturing methods are revealed and described
as follows:

[0013] In 1972, a method related to an excitation by the
evanescent-field of the optical waveguide for manufacturing
the continuously output dye laser was disclosed by E. P.
Ippen with the Bell Lab in the United States. Because there
was no optical resonating system involved in this method
and the refractive index of the dye was not easy to closely
control to the effective refractive index of the waveguide,
they had just shown that the optical amplification can be
achieved based on the pumping through evanescent-field
coupling.

[0014] The method to fabricate a dye fiber laser, which is
related to the evanescent-pumping of a side-polished fiber,
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was further disclosed by H. J. Shaw et al. with the Stanford
University in 1980. In this application, an optical gain of 22
dB would be obtained while using a side-polished fiber
merely having an effective interaction length of 1 mm and a
pulse laser. However, when the signal light beam and the
pumping light beam co-propagate in the fiber, the signal
evanescent-field will penetrate more because of the larger
wavelength of the signal light beam. For obtaining better
excitation efficiency, the pumping energy has to penetrate
the optical gain medium to reach a penetrated position,
which is the same as that of the signal light beam at least.
Moreover, in order to get a broader excited area of the
optical gain medium, the pumping light beam have to
penetrate the optical gain medium as much as possible. On
the other hand, in order to prevent the signal energy loss
resulted from an over-penetration of the signal light, the
leaky depth of the signal evanescent-field has to be limited
and thus the leaky depth of the pumping light beam is not
enough to excite the optical gain medium. Hence a filter is
needed to filter the unused pumping power away in front of
the receiver and this would result in an additional energy
consuming. Therefore, it is difficult to simultaneously obtain
a better exciting efficiency and an appropriate penetration of
the signal evanescent-field.

[0015] Besides, the optical gain amplification was not
effectively enhanced due to a poor technique for the fiber
polishing and therefore the effective interaction length of the
side-polished fiber was not long enough. Moreover, a tem-
perature variation, which occurs while the dye absorbs the
pumping energy, also has some influences on the refractive
index of the dye. The variation of the refractive index results
in a changing leaky depth of the evanescent field of the
signal light beam and the excited light beam, and the optical
gain obtained from the signal light is changed accordingly.
Therefore the stability of the optical power output is seri-
ously influenced.

[0016] Another kind of optical amplifier is disclosed by V.
A. Kozlov et al. with the Russian Academy of Sciences
(1994). The LiF crystal having a silicon dioxide coating,
which has a holographic grating thereon, is worked as an
optical waveguide, wherein the signal light is coupled to the
optical waveguide by the holographic grating. The LiF
crystal was transversely pumped by the pumping light beam
in a direction from the back of the LiF crystal and hence the
signal light beam would obtain the optical gain from the LiF
crystal through evanescent-field coupling. However, a high-
density overlap among the pumping energy, the signal
energy and the optical gain medium cannot be obtained by
this kind of excitation method. Thus an optical gain with
high quantum efficiency is difficult to achieve. Moreover, the
method of the signal incidence, which is perpendicular to the
optical waveguide is not practical in the optical communi-
cation. Hence the utility of the application still needs to be
considered.

[0017] A polished substrate which is made of a silicon
walfer, is applied to fabricate a side-polished fiber dye optical
amplifier having a long interaction length by Tseng et al.
with the Tsing-Hua Univerty in Taiwan. In this application,
a fiber having an effective interaction length of 5.7 mm and
a relative optical gain with 95 times were demonstrated.
However, the pumping efficiency is still not significantly
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improved because the optimal evanescent-field leaky depths
of the signal and the pumping light cannot be obtained
simultaneously, either.

[0018] Inorder to overcome the foresaid drawbacks in the
prior art, an evanescent-field optical amplifier and a laser are
provided in the present invention.

SUMMARY OF THE INVENTION

[0019] The main purpose of the present invention is to
provide an optical amplifier and a laser, which have a high
pumping efficiency by utilizing a side-polished fiber coop-
erating with a highly rare-earth-ion doped optical gain
medium and a grating inscribed in a guiding core near the
evanescent-field to couple almost entire pumping power
toward the optical gain medium.

[0020] In accordance with the main purpose of the present
invention, an optical amplifier is provided, which includes:
at least a fiber having a guiding core and a shell cladding the
guiding core, wherein the shell has an evanescent-field area,
at least a first grating located at a position of the guiding
core, wherein the position corresponds to the evanescent-
field area; and an optical gain medium having a dopant of
ions and attached to the evanescent-field area.

[0021] Preferably, when a first pumping light beam and a
signal light beam propagate forward in said guiding core, the
first pumping light beam is coupled into the optical gain
medium by the first grating and excites the dopant to
generate an optical gain to amplify the signal light beam,
which is continuously propagating in the guiding core.

[0022] Preferably, the evanescent-field area is made by a
polishing method.

[0023] Preferably, the evanescent-field area is made by a
laser-paring method.

[0024] Preferably, the optical amplifier further includes a
second grating having a period different from that of the first
grating, wherein an angle is formed between the first grating
and the second grating, thereby a second pumping light
beam is coupled into the optical gain medium for amplifying
the optical gain.

[0025] Preferably, the first grating and the second grating
are selected from a group consisting of a Long Period
Grating, a Blazed Bragg Grating and a Super Structure
Grating.

[0026] Preferably, the optical gain medium has a filtering
function for gain flattening of the optical gain.

[0027]

[0028] Preferably, the dopant of ions is one of erbium ions
and erbium-ytterbium co-doped ions.

[0029] Preferably, the optical gain medium has a host
made of one selected from a group consisting of a polymer
material, a glass material and a crystal material.

[0030] Preferably, the optical gain medium having a
dopant of erbium ions is further doped with aluminum.

[0031] Preferably, the optical gain medium has one prop-
erty selected from a group consisting of non-linear effect,
high birefringence and high dispersive characteristic.

Preferably, the ions are rare-earth ions.
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[0032] Preferably, the optical gain medium further having
a polymer layer cladding thereon.

[0033] Preferably, the optical amplifier further includes an
optical film sandwiched between the optical gain medium
and the polymer layer, wherein the pumping light beam is
reflected into the optical gain medium by the optical film.

[0034] Preferably, the optical gain medium is one selected
from a group consisting of an organic photo-luminescence
material, an organic electro-luminescence material, an
organic semiconductor, a laser glass, a laser crystal and a
liquid crystal.

[0035] Preferably, the optical gain medium further has one
of a liquid crystal structure and a photonic crystal structure.

[0036] Preferably, the photonic crystal structure has a
plurality of cavities and a filler filled in the plurality of
cavities.

[0037] Preferably, the plural cavities are arranged in one of
a manner parallel to the guiding core and a manner perpen-
dicular to the guiding core.

[0038] Preferably, the filler is an EO (Electro-Optic) poly-
mer.

[0039] Preferably, the filler and the photonic crystal struc-
ture respectively have an adjustable refractive index.

[0040] Preferably, the refractive index of the filler and the
photonic crystal is adjusted in response to one selected from
a group consisting of an electro-optic effect, a thermo-optic
effect, an acousto-optic effect and an optical nonlinear effect.

[0041]

[0042] Preferably, the volume of the filler is adjusted in
response to one selected from a group consisting of a
thermo-optic effect, a piezo-clectric effect and an acousto-
optic effect.

Preferably, the filler has an adjustable volume.

[0043] Another purpose of the present invention is to
provide an optical amplifier and a laser, which have a high
pumping efficiency by utilizing a side-polished fiber with an
optical gain medium having a dopant of rare-earth ions and
a grating inscribed in a guiding core near the evanescent-
field to couple almost entire pumping power toward the
optical gain medium.

[0044] Another purpose of the present invention is to
provide a laser, which includes: at least a fiber having a
guiding core and a shell cladding the guiding core, wherein
the shell has an evanescent-field area; at least a first grating
located at a first position of the guiding core, wherein the
first position corresponds to the evanescent-field area; a
second grating and a third grating located in front of and in
rear of the first grating respectively; and an optical gain
medium having a rare-earth ion and attached to the evanes-
cent-field area.

[0045] Another purpose of the present invention is to
provide a laser, which includes: at least a fiber having a
guiding core and a shell cladding the guiding core, wherein
the shell has an evanescent-field area; at least a first grating
located at a first position of the guiding core, wherein the
first position corresponds to the evanescent-field area; a
second grating and a third grating located in front of and in
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rear of the first grating respectively; and an optical gain
medium having a dopant of rare-earth ions and attached to
the evanescent-field area.

[0046] In accordance with the present invention, when a
first pumping light beam passes through the second grating,
the first pumping light beam is coupled into the optical gain
medium by the first grating to excite the dopant of rare-earth
ions for generating an optical gain; a resonated light beam is
generated and repeatedly reflected between the second grat-
ing and the third grating and an energy of the resonated light
beam is repeatedly amplified thereof; and when the reso-
nated light beam propagates to the third grating, a specific
ratio of the optical gain is able to pass through the third
grating to generate a laser.

[0047] Preferably, the laser generator further includes a
fourth grating having a period different from that of the first
grating, wherein an angle is formed between the fourth
grating and the first grating, thereby a second pumping light
beam is coupled into the optical gain medium for amplifying
the optical gain.

[0048] Preferably, the first grating and the fourth grating
are ones selected from a group consisting of a Long Period
Grating, a Blazed Bragg Grating and a Super Structure
Grating.

[0049] Preferably, the second grating is one of a Fiber
Bragg Grating and a Chirped Grating.

[0050] Preferably, the third grating is one of a Fiber Bragg
Grating and a Chirped Grating.

[0051] Preferably, the second grating and the third grating
are located at a second position of the guiding core.

[0052] The foregoing and other features and advantages of
the present invention will be more clearly understood
through the following descriptions with reference to the
drawings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] FIG.11is a diagram illustrating the principle of the
optical gain according to a preferred embodiment of the
present invention;

[0054] FIG. 2 is a diagram illustrating the structure of the
optical amplifier according to a preferred embodiment of the
present invention;

[0055] FIG. 3(a) is a diagram illustrating the operation of
the optical amplifier according to a preferred embodiment of
the present invention;

[0056] FIG. 3(b) is a diagram showing the filtering effect
of the slanted grating according to a preferred embodiment
of the present invention;

[0057] FIG. 3(c) is a diagram illustrating the filtering of
the slanted grating according to a preferred embodiment of
the present invention;

[0058] FIG. 3(d) is a diagram illustrating the operation of
the optical amplifier according to a second preferred
embodiment of the present invention, wherein a long period
grating is used for coupling the pumping light beam into the
optical gain medium;
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[0059] FIG. 4(a) is a diagram illustrating the structure of
the optical amplifier according to a third preferred embodi-
ment of the present invention, wherein the photonic crystal
is served as the optical gain medium and the plurality of
cavities are arranged parallel to the guiding core;

[0060] FIG. 4(b) is a diagram illustrating the structure of
the optical amplifier according to a fourth preferred embodi-
ment of the present invention, wherein the photonic crystal
is served as the optical gain medium and the plurality of
cavities are arranged perpendicular to the guiding core;

[0061] FIG. 4(c) is a diagram illustrating the structure of
the optical amplifier according to a fifth preferred embodi-
ment of the present invention, wherein the electro-lumines-
cence material is served as the optical gain medium;

[0062] FIG. 4(d) is a diagram illustrating the structure of
the optical amplifier according to a sixth preferred embodi-
ment of the present invention, wherein the electro-lumines-
cence material works as the optical gain medium;

[0063] FIG. 4(e) is a diagram showing the optical mode
distribution of the optical gain medium which has a normal
dispersion factor;

[0064] FIG. 4(/) is a diagram showing the optical mode
distribution of the photonic crystal which has an anomalous
dispersion factor;

[0065] FIG. 5 is a diagram illustrating the operation of the
laser generator according to a preferred embodiment of the
present invention;

[0066] FIG. 6 is a diagram illustrating the structure of the
optical resonant system using a ring structure fiber coupler;

[0067] FIG. 7 is a diagram illustrating the structure of the
optical amplifier based on a bi-directional pumping scheme;
and

[0068] FIG. 8 is a diagram illustrating the structure of a
fiber-array optical amplifier and an array laser generator
according to a seventh embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0069] The present invention will now be described more
specifically with reference to the following embodiments. Tt
is to be noted that the following descriptions of preferred
embodiments of this invention are presented herein for
purpose of illustration and description only; it is not
intended to be exhaustive or to be limited to the precise form
disclosed.

[0070] Pleasc refer to FIG. 1, which illustrates the prin-
ciple of the optical amplifier according to the present inven-
tion. The pumping light beam 111 from the pumping source
11 and the signal light beam 121 from the signal source are
collected by the fiber combiner 13 and then propagate in a
fiber (not shown). By an optical gain of the optical amplifier
14, which is related to the present application, a signal
output having a higher intensity and a specific wavelength
can be generated and continuously propagate in the fiber.

[0071] Please refer to FIG. 2, which illustrates the struc-
ture of the optical amplifier according to a preferred embodi-
ment of the present invention. The optical amplifier includes
a fiber, which has the guiding core 21 and the shell 22, the
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evanescent-field area 23, the optical gain medium 24, the
optical film 25, the packaged layer 26 and a grating (not
shown) in the guiding core 21. The grating is at a position,
which corresponds to the evanescent-field area 23. The shell
22 is cladding the guiding core 21 and has the evanescent-
field area 23. The shell 22 is manufactured by the laser
paring or the fiber polishing for being penetrated and having
the evanescent-field area 23 with an effective interaction
length of about 20 mm. Besides, the optical gain medium 24
has a host, which is made of a polymer material, a glass
material or a crystal material having the same or a smaller
refractive index than the effective refractive index of the
evanescent-field area 23. The optical gain medium 24 having
dopants of aluminum ions and rare-earth ions in the host,
such as an erbium ion or an erbium-ytterbium co-doped ion,
is attached to the evanescent-field 23 and then coated by the
optical film 25. The packaged material 26 made of a polymer
material, which has the same or a lager refractive index than
that of the optical gain medium, is used to package outside
the optical gain medium 24 and the optical film 25.

[0072] Ttis noted that the optical amplifier can still operate
even the refractive index of the optical gain medium 24 is
the same with or larger than that of the evanescent-field area
23. The light with a specific wavelength meeting the reso-
nance condition is able to be reflected to the guiding core 21
and continuously propagate therein as long as the thickness
of the optical gain medium 24 is reduced to several tens of
micrometers, which forms a smooth and flat film.

[0073] Please refer to FIG. 3(a), which illustrates the
operation of the optical amplifier according to a preferred
embodiment of the present application. When the pumping
light beam 38 and the signal light beam 39 propagate
forward in the guiding core 31, the pumping light beam 38
is reflected by the Blazed Bragg Grating 37 (or a Long
Period Grating, or a Super Structure Grating) to penetrate
the evanescent-field area 33 and then coupled into the
optical gain medium 34. The rare-earth ion in the optical
gain medium 34 is thus excited and the electron transition is
induced to generate an optical gain. The optical gain is able
to amplify the intensity of the signal light beam, which
continuously propagates in the guiding core.

[0074] Besides, the pumping light beam 38 can be repeat-
edly reflected to the optical gain medium 34 by the optical
film 35 to make the electron transition and the photon
generation repeatedly happen. Therefore, the function of the
signal light beam amplifying can be sustained.

[0075] Additionally, a slanted grating is preferred when a
grating is sited in the guiding core 21. The overlapping
among the pumping light beam 38, the signal light beam 39
and the optical gain medium 34 will be increased by utilizing
a slanted grating. Hence the amplifying efficiency is much
higher, as shown in FIG. 3(b).

[0076] The optical properties required for the optical gain
medium includes not only a nonlinear effect and a high
birefringence, but also a filtering function for gain flattening
of the optical gain, as shown in FIG. 3(c). Therefore, a
photonic crystal structure can be used to replace the optical
gain medium. Please refer to FIG. 4(a), which illustrates the
structure according to another embodiment of the present
application. In this embodiment, a photonic crystal structure
is used as the optical gain medium. The photonic crystal
structure 41 has plural cavities 42 filled with an electro-
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optical (EO) polymer (not shown), which has a refractive
index adjustable in response to an electro-optical effect.

[0077] The plural cavities 42 can be arranged in a manner
parallel to the guiding core 43, as shown in FIG. 4(a), or
arranged in a manner perpendicular to the guiding core 43,
as shown in FIG. 4(b). A photonic band-gap, which blocks
the light beam, can be produced in the photonic crystal
structure 41 by both of the arranging manners. The wave-
length range of the photonic band-gap can be controlled by
a refractive index adjustment or a volume adjustment. The
refractive index of the filler or that of the photonic crystal
structure 41 can be adjusted in response to one of an optical
nonlinear effect, an electro-optic effect, a thermo-optic effect
and an acousto-optic effect. And the volume of the filler can
be adjusted in response to one of a thermo-optic effect, a
piezo-¢lectric effect and an acousto-optic effect. Thus the
energy of the light having a specific wavelength can be
filtered to redistribute the energy of the optical gain.

[0078] Particularly, locating the Long Period Grating at a
position in the evanescent-field area is preferred than in the
guiding core when a Long Period Grating is used to couple
the pumping light beam into the optical gain medium, as
shown in FIG. 3(d). The Long Period Grating 36 is sited in
the evanescent-field area 33, so the pumping light beam 38
is coupled forward into the optical gain medium 33. Hence
a better amplifying efficiency of the optical gain is achieved.

[0079] The optical gain medium could be an organic
photo-luminescence material, an organic electro-lumines-
cence material an organic semiconductor, a laser glass and
a liquid crystal. In particular, when the optical gain medium
is made of the organic electro-luminescence material, refer-
ring to FIG. 4(c) and (d), which illustrates the relative
position and the structure of the electro-luminescence mate-
rial 44 and the ¢lectrode 45, the thickness of the electro-
luminescence material 44 can be adjusted by the electric
power or the thermal power. When the electric power, which
includes a direct current (D.C.) power and an alternating
current (A.C.) power, is applied for the thickness adjusting,
the thickness of the electro-luminescence material 44 will be
changed. With the thickness changing of the electro-lumi-
nescence material 44, the optical gain is altered, too. That
means the optical gain is adjustable in this application.

[0080] Additionally, the photonic crystal structure 41 can
also have a normal or an anomalous dispersion factor. Please
refer to FIGS. 4(e) and (f), which show the optical mode
distribution of the pumping light and the signal light in the
optical gain medium. The optical mode distributions are
affected by a normal and an anomalous dispersion factor,
respectively. The photonic crystal 41 having an anomalous
dispersion factor can make the signal light have an equalized
overlap with the pumping light beam and the photonic
crystal structure, even the signal light has different wave-
lengths.

[0081] Furthermore, the principle involved in the optical
amplifier is also implemented in a fiber laser generator.
Please refer to FIG. 5, which illustrates the operation of the
laser generator according to a preferred embodiment of the
present application. Compared with the optical amplifier, the
difference of the laser generator is that a set of gratings, i.e.
591 and 592, which could be a Fiber Bragg Grating or a
Chirped Grating, are respectively sited in front of and in rear
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of the Blazed Bragg Grating 57 in the guiding core 51.
Besides, the feeding of the signal light is nonessential when
the laser generator operates.

[0082] After passing through the Fiber Bragg Grating 591,
the pumping light beam 58 propagating in the guiding core
51 is reflected to the optical gain medium 54 (or to a
photonic crystal structure) by the Blazed Bragg Grating 57
so as to excite a dopant of rare-earth ions, such as erbium
ions. Then the electron transition is induced to generate an
optical gain. The optical gain is limited in the region
between the two Fiber Bragg Gratings 591 and 592, and a
resonated light beam with a specific wavelength is generated
and repeatedly reflected back and forth therein. Then the
optical gain can repeatedly penetrate the evanescent-field
area and enter the optical gain medium 54 in order to obtain
more energy to be amplified. When the resonated light beam
with a specific wavelength propagates to the Fiber Bragg
Grating 592, a specific ratio of the optical gain will pass
through the Fiber Bragg Grating 592 so as to generate the
wanted laser, wherein the specific ratio depends on the
design of the Fiber Bragg Grating.

[0083] Another difference of the operating principle
between the laser generator and the optical amplifier is that
the filtering function of the optical gain medium 54 is
nonessential when an optical resonating system including
the Fiber Bragg Gratings at both ends of the laser generator
is used to select the energy of the specific wavelength.
However, an optical gain medium 54 having the filtering
function is still required when a Fiber Bragg Grating with a
Chirped Grating or two Chirped Gratings are applied. More-
over, according to the technique of the present application,
when the photonic crystal is applied for the optical gain
medium 54 for its filtering function, a wavelength-adjustable
laser generator can be manufactured accordingly.

[0084] Please refer to FIG. 6, a ring structure fiber coupler
is also provided in the present application. When the fiber 61
is formed into a ring resonating system, the pumping light
beam 62 and the signal light beam 63 can generate a laser in
the optical amplifier 64.

[0085] Additionally, the number of the slanted grating is
not limited by the embodiment described in the present
invention. Please refer to FIG. 7, which illustrates the
structure of the optical amplifier based on a bi-directional
pumping scheme. The pumping light beam in each one of
both directions, i.e. 78 or 79, is coupled into the optical gain
medium 74 by slanted gratings 771 and 772, respectively.
There is an angle formed between the two slanted gratings
(771 and 772), as shown in FIG. 7. It is noted here the
periods of the two gratings must be different. A doubled
enhancement of the optical gain can be obtained in this
embodiment.

[0086] The principle of the bi-directional pumping is also
implemented in the laser generator in order to enhance the
energy of the generated laser. The only difference between
the laser generator and the optical amplifier is that an optical
resonating system having the gratings at the both ends of the
guiding core 71 is needed in the laser generator.

[0087] The number of the fibers is not limited by the
embodiment described in the present invention. Please refer
to FIG. 8, the fiber array 81 including more than one fiber
is attached to the optical gain medium 82, which is applied
for fabricating relevant fiber devices.
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[0088] According to the above, the optical amplifier and
the laser generator, which utilize a side-polished fiber coop-
erating with an ion doped optical gain medium and a grating
sited inside a guiding core near the evanescent-field to
reflect a pumping laser to the optical gain medium, are
provided in the present application. First, the side-polished
fiber cooperating with the ion doped optical gain medium
has a quite long interaction length (more than 20 mm). The
volume of the optical amplifier is thus smaller than that of
the conventional EDFA. This makes the optical amplifier
operated by the means of the evanescent-field exciting
become more practicable.

[0089] Secondly, the exciting efficiency of the optical gain
medium can be greatly enhanced through installing the fiber
grating in the evanescent-field area of the guiding core,
which is able to reflect the pumping light beam to the optical
gain medium. Therefore, the loss resulted from an over-
exposure of the signal evanescent-field will be prevented
and the pumping light beam can be totally coupled into the
optical gain medium to obtain the best pumping efficiency.

[0090] Hence, the present invention not only has a novelty
and a progressive nature, but also has an industry utility.

[0091] While the invention has been described in terms of
what is presently considered to be the most practical and
preferred embodiments, it is to be understood that the
invention needs not be limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various
modifications and similar arrangements included within the
spirit and scope of the appended claims which are to be
accorded with the broadest interpretation so as to encompass
all such modifications and similar structures.

What is claimed is:
1. An optical amplifier, comprising;

at least a fiber having a guiding core and a shell cladding
said guiding core, wherein said shell has an evanescent-
field area;

at least a first grating located at a position of said guiding
core, wherein said position corresponds to said evanes-
cent-field area; and

an optical gain medium having a dopant of ions and

attached to said evanescent-field area.

2. The optical amplifier according to claim 1, wherein
when a first pumping light beam and a signal light beam
propagate forward in said guiding core, said first pumping
light beam is coupled into said optical gain medium by said
first grating and excites said dopant to generate an optical
gain to amplify said signal light beam, which is continuously
propagating in said guiding core.

3. The optical amplifier according to claim 1, wherein said
evanescent-field area is made by one of a polishing method
and a laser-paring method.

4. The optical amplifier according to claim 1 further
comprising a second grating having a period different from
that of said first grating, wherein an angle is formed between
said first grating and said second grating, thereby a second
pumping light beam being coupled into said optical gain
medium for amplifying said optical gain.

5. The optical amplifier according to claim 4, wherein said
first grating and said second grating are selected from a
group consisting of a Long Period Grating, a Blazed Bragg
Grating and a Super Structure Grating.
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6. The optical amplifier according to claim 1, wherein said
optical gain medium has a filtering function for gain flat-
tening of said optical gain.

7. The optical amplifier according to claim 1, wherein said
dopant of ions is one of erbium ions and erbium-ytterbium
co-doped ions.

8. The optical amplifier according to claim 1, wherein said
optical gain medium has a host made of one selected from
a group consisting of a polymer material, a glass material
and a crystal material.

9. The optical amplifier according to claim 7, wherein said
optical gain medium having a dopant of erbium ions is
further doped with aluminum.

10. The optical amplifier according to claim 1, wherein
said optical gain medium has one property selected from a
group consisting of non-linear effect, high birefringence and
high dispersive characteristic.

11. The optical amplifier according to claim 1, wherein
said optical gain medium further comprising a polymer layer
cladding thereon.

12. The optical amplifier according to claim 11 further
comprising an optical film sandwiched between said optical
gain medium and said polymer layer, wherein said pumping
light beam is reflected into said optical gain medium by said
optical film.

13. The optical amplifier according to claim 1, wherein
said optical gain medium is one selected from a group
consisting of an organic photo-luminescence material, an
organic electro-luminescence material, an organic semicon-
ductor, a laser glass and a laser crystal.

14. The optical amplifier according to claim 1, wherein
said optical gain medium further comprises one of a liquid
crystal structure and a photonic crystal structure.

15. The optical amplifier according to claim 14, wherein
said photonic crystal structure has a plurality of cavities and
a filler filled in said plurality of cavities.

16. The optical amplifier according to claim 15, wherein
said plurality of cavities are arranged in one of a manner
parallel to said guiding core and a manner perpendicular to
said guiding core.

17. The optical amplifier according to claim 15, wherein
said filler is an EO (Electro-Optic) polymer.

18. The optical amplifier according to claim 15, wherein
said filler and said photonic crystal structure respectively
have an adjustable refractive index.

19. The optical amplifier according to claim 18, wherein
said refractive index of said filler and said photonic crystal
structure is adjusted in response to one selected from a group
consisting of an electro-optic effect, a thermo-optic effect, an
acousto-optic effect and an optical nonlinear effect.

20. The optical amplifier according to claim 15, wherein
said filler has an adjustable volume.

21. The optical amplifier according to claim 20, wherein
said volume is adjusted in response to one selected from a
group consisting of a thermo-optic effect, a piezo-clectric
effect and an acousto-optic effect.

22. An optical amplifier, comprising:

at least a fiber having a guiding core and a shell cladding
said guiding core, wherein said shell has an evanescent-
field area;

at least a first grating located at a position of said guiding
core, wherein said position corresponds to said evanes-
cent-field area; and
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an optical gain medium having a dopant of rare-earth ions

and attached to said evanescent-field area.

23. The optical amplifier according to claim 22, wherein
said dopant is one of doping by a single type of rare-earth
ions and co-doping by two types of rare-earth ions.

24. A laser, comprising:

at least a fiber having a guiding core and a shell cladding
said guiding core, wherein said shell has an evanescent-
field area;

at least a first grating located at a first position of said
guiding core, wherein said first position corresponds to
said evanescent-field area;

asecond grating and a third grating located in front of and
in rear of said first grating respectively; and

an optical gain medium having a dopant of rare-earth ions

and attached to said evanescent-field area.

25. The laser according to claim 24, wherein when a first
pumping light beam passes through said second grating, said
first pumping light beam is coupled into said optical gain
medium by said first grating to excite said dopant of rare-
earth ions for generating an optical gain; a resonated light
beam is generated and repeatedly reflected between said
second grating and said third grating and an energy of said
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resonated light beam is repeatedly amplified thereof; and
when said resonated light beam propagates to said third
grating, a specific ratio of said optical gain is able to pass
through said third grating to generate a laser.

26. The laser according to claim 24 further comprising a
fourth grating having a period different from that of said first
grating, wherein an angle is formed between said fourth
grating and said first grating, thereby a second pumping light
beam being coupled into said optical gain medium for
amplifying said optical gain.

27. The laser according to claim 26, wherein said first
grating and said fourth grating are ones sclected from a
group consisting of a Long Period Grating, a Blazed Bragg
Grating and a Super Structure Grating.

28. The laser according to claim 24, wherein said second
grating is one of a Fiber Bragg Grating and a Chirped
Grating.

29. The laser according to claim 28, wherein said third
grating is one of a Fiber Bragg Grating and a Chirped
Grating.

30. The laser according to claim 29, wherein said second
grating and said third grating are located at a second position
of said guiding core.



