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SPECTRALLY-SELECTIVE FIBER 
TRANSMISSION FILTER SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to the ?eld of optical ?lters, and in 
particular to ?lter arrangements using ?ber Bragg grating 
elements. 

2. Description of the Related Art 
It is knoWn to form phase gratings along the core of an 

optical Waveguide, for example, by the application of 
intense beams of ultraviolet light transverse to the axis of the 
core at selected angles of incidence and the compliments 
thereto. In particular, an intra-core ?ber Bragg grating 
(FBG) element can be formed in a Ge-doped ?ber using side 
illumination to form an ultraviolet (UV) interference pattern, 
as disclosed in, for example, G. MeltZ, W. W. Morey, and W. 
H. Glenn, “Formation of Bragg gratings in optical ?ber by 
a Transverse Holographic Method,” Optics Letters, 14, pp 
823—825, 1989. 

In this knoWn process, the gratings are formed by trans 
verse irradiation With a particular Wavelength of light in the 
ultraviolet absorption band of the core material, establishing 
a ?rst order absorption process by Which gratings charac 
teriZed by a particular spacing and Wavelength can be 
formed by illuminating the core from the side With tWo 
coplanar, coherent beams incident at selected and comple 
mentary angles thereto With respect to the axis of the core. 
The grating period is selected by varying the selected angles 
of incidence. Thus, a permanent change in the refractive 
index is induced in a predetermined region of the core, 
creating, in effect, a phase grating for affecting light in the 
core at selected Wavelengths. See US. Pat. Nos. 4,725,110 
and 4,807,950. 

The Bragg Wavelength of these elements, that is, the 
Wavelength of incident light Which Will be re?ected back, 
depends on the spacing of the lines in the ?ber Bragg 
grating, i.e., the periodicity of the UV interference pattern 
and the resultant core-index of refraction modulation in the 
?ber, as Well as the effective index (combination of core 
index and cladding index) of the guided optical mode. 

These intra-core ?ber Bragg grating elements are suitable 
as optical Wavelength sensor elements, e.g., strain or tem 
perature sensors, since the Bragg Wavelength Will be 
changed by a change in the temperature and/or the strain on 
the ?ber Which modi?es the spacing and index of refraction 
of the grating. 
An additional knoWn use of these ?ber Bragg grating 

elements is in Wavelength ?ltering, since the basic device 
acts as a narroW-band band-reject or notch-?lter for light 
transmitted through the element, and as a selective narroW 
band bandpass ?lter for light re?ected from the element. By 
using a pair of identical grating re?ectors, a Fabry-Perot 
interferometer can be formed as a sensor element in the ?ber, 
With an enhanced sensitivity, see W. W. Morey, J. R. Dunphy 
and G. MeltZ, “Multiplexed Fiber Bragg Grating Sensors”, 
Proc. ‘Distributed and Multiplexed Fiber Optic Sensors’, 
SPIE vol. 1586, pp. 216—224, Boston, Sep., 1991. 

Various methods of Wavelength stabiliZation and tuning of 
lasers, in particular doped-?ber ring laser con?gurations, are 
also knoWn. See, for example, P. R. Morkel, G. J. CoWle, and 
D. N. Payne, “Travelling-Wave Erbium Fiber Ring Laser 
With 60 kHZ LineWidth”, Electron Letter, 26, pp. 632—634, 
1990; K. IWatsuki, H. Okamura and M. SaruWatari, 
“Wavelength-Tunable Single-Frequency and Single Polar 
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2 
iZation Er-Doped Fiber Ring Laser With 1.4 kHZ 
LineWidth”, Electron. Letter, 26, pp. 2033—2035, 1990; and 
N. Park, J. W. DaWson, K. J. Vahala and C. Miller, “All 
Fiber, LoW Threshold, Widely Tunable Single Frequency, 
Erbium-Doped Fiber Ring Laser With a Tandem Fiber Fabry 
Perot Filter”, Appl. Phys. Letter, 59, pp. 2369—2371, 1991. 

Ring laser systems have traditionally suffered from large 
cavity losses, a small tuning range, or severe mode hopping. 
The above mentioned N. Park et al. paper discloses an all 
?ber, single-frequency ring laser con?guration using tWo 
?ber Fabry-Perot cavity ?lters, one narroW-band and one 
broad-band, to provide narroW bandpass Wavelength ?lter 
ing for stable and tunable laser operation Which completely 
suppressed mode hopping. 

This ring laser con?guration used a temperature 
compensated, electronically tunable broad-band ?ber Fabry 
Perot (FFP) ?lter With loW insertion loss and high ?nesse 
(see C. M. Miller and F. J. Janniello, Electron. Lett. 26, 632, 
1990) in tandem With a further narroW-band FFP. HoWever, 
even though the insertion loss of the FFP’s is “loW,” each 
FFP ?lter element adds an insertion loss of 2.5 dB to the ring 
laser and the required isolators betWeen each FFP add 
additional losses of 1dB each. 

SUMMARY OF THE INVENTION 

Therefore, there existed a need for a single simple ?ber 
transmission ?lter for use With a ?ber ring laser Which 
provides a narroW bandpass characteristic in an in-line ?ber 
geometry With reduced amounts of insertion loss. With the 
losses reduced, less gain is needed and demands on the 
pump laser are advantageously reduced. 

This need is met by a ?lter according to an embodiment 
of the present invention Which utiliZes a combination of a 
broad-band mirror and narroW-band ?ber Bragg grating 
(FBG) element to thereby form either a spectrally-selective 
?ber Fabry-Perot (SSFFP) ?lter or a spectrally-selective 
?ber Michelson (SSFM) ?lter, Which ?lter combines both 
narroW-band and broad-band characteristics in a single ?lter 
element. 
At Wavelengths outside of the ?ber Bragg grating (FBG) 

bandWidth, light incident on the cavity formed betWeen the 
grating and the mirror is re?ected by the mirror. Within the 
FBG bandWidth, the Fabry-Perot transmission characteris 
tics alloW transmission at certain Wavelengths, dependent on 
the cavity length. 

Advantageously, the present invention thus provides a 
single narroW bandpass ?lter in an in-line form. The pass 
band characteristics of the ?lter comprise a series of narroW 
peaks Within an envelope determined by the ?ber Bragg 
grating (FBG) bandWidth. The ?lter according to the present 
invention is advantageously suitable for Wavelength stabi 
liZation and/or tuning of lasers, and in particular, ?ber ring 
laser con?gurations. Therefore, according to one embodi 
ment of the invention, the Wavelength selective ?lter forms 
a spectrally selective element for stabiliZation of the Wave 
length of a doped ?ber ring laser con?guration. 

According to an embodiment of the invention, the ?ber 
optical ?lter is formed in a ?ber piece and includes a 
broad-bandWidth mirror formed in the ?ber piece, and a 
narroW-bandWidth ?ber Bragg grating element formed some 
distance L from the broad-band mirror in the ?ber piece. The 
broad-band mirror and the narroW-band ?ber Bragg grating 
element form therebetWeen a Fabry-Perot cavity in the ?ber 
piece resonant in a Wavelength region Where the ?ber Bragg 
grating element has a relatively high re?ectance. 
An in-line, spectrally-selective ?ber Fabry-Perot trans 

mission ?lter according to the invention is thus formed in an 
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optical ?ber piece. The broad-band mirror and narroW-band 
Bragg grating element are advantageously formed integrally 
in the ?ber to form the in-line spectrally-selective ?ber 
Fabry-Perot resonant cavity therebetWeen. The Bragg grat 
ing element may be, for example, an intra-core ?ber Bragg 
grating or a side-polished ?ber Bragg grating. 

In one particularly advantageous embodiment of the ?lter 
having particular usefulness in an Er doped ?ber ring laser, 
the Bragg grating element has a center Wavelength in the 
range from about 1525 nm to about 1565 nm, an exemplary 
narroW bandWidth of less than 0.2 nm, and an exemplary 
peak re?ectivity of about 95%, and the mirror is a metaliZed 
?ber-?ber connector having a re?ectivity approximately 
equal to the peak re?ectivity of the Bragg grating element. 

According to another embodiment of the invention, a ?ber 
ring laser con?guration for providing an optical output 
signal includes a ?ber ampli?er unit having a pump laser, an 
amplifying ?ber piece and a ?rst coupler, the ?rst coupler 
coupling the pump laser output and an input to be ampli?ed 
into the amplifying ?ber piece, the amplifying ?ber piece 
providing the output of the ?ber ampli?er unit. A ?rst 
isolation means is provided, coupled to receive the output of 
the ?ber ampli?er unit, for providing unidirectional opera 
tion. A ?ber optical ?lter means is provided for narroW 
bandpass Wavelength ?ltering of the output of the ?ber 
ampli?er unit. The ?lter means has a ?rst end coupled to the 
?rst isolation means, and includes a broad-bandWidth mirror 
and a narroW-bandWidth ?ber Bragg grating element formed 
some distance L from the broad-band mirror. The broad 
band mirror and the narroW-band ?ber Bragg grating ele 
ment form therebetWeen a Fabry-Perot cavity. A second 
coupler, coupled to a second end of the ?ber-optical ?lter 
means receives a narroW-band Wavelength ?ltered output 
therefrom, the second coupler providing a portion of the 
narroW-band Wavelength ?ltered output as the optical output 
signal of the ring laser con?guration. A second isolation 
means is provided, coupled to the second coupler to receive 
a portion of the narroW-band Wavelength ?ltered output of 
the ?lter means and to provide the portion of the narroW 
band Wavelength ?ltered output received from the second 
coupler as the input (to be ampli?ed) to the ?rst coupler. 

In a further embodiment, at least one polariZation con 
troller for adjusting the ?ber ring laser con?guration gain is 
also provided. 

In a further embodiment of the ?ber ring laser con?gu 
ration according to the invention, the narroW-bandWidth 
?ber Bragg grating element is an intra-core Bragg grating 
having a center Wavelength in the range from about 1525 nm 
to about 1565 nm, an exemplary narroW bandWidth of less 
than 0.2 nm, and an exemplary peak re?ectivity of about 
95%; and the broad-band mirror is a metaliZed ?ber-?ber 
connector having a re?ectivity approximately equal to the 
peak re?ectivity of the Bragg grating element. 

In another embodiment of the invention, a spectrally 
selective ?ber Michelson (SSFM) interferometric ?lter is 
formed as ?rst and second ?ber arms coupled together by a 
coupler, the ?rst ?ber arm having a mirror element disposed 
therein and the second ?ber arm having a ?ber Bragg grating 
element formed therein. In a further embodiment of the 
SSFM ?lter, the ?ber Bragg grating element has an exem 
plary peak re?ectivity of about 95%, a center Wavelength in 
the range from about 1525 nm to about 1565 nm, and an 
exemplary narroW bandWidth of less than 0.2 nm; and the 
mirror element is formed by a metaliZed ?ber-?ber connec 
tor With an exemplary re?ectivity approximately equal to the 
peak re?ectivity of the Bragg grating element. In a further 
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4 
embodiment of the invention, the SSFM ?lter is part of a 
?ber ring laser con?guration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other advantageous features and objects of 
the invention Will become apparent from the folloWing 
detailed description taken With the draWings, in Which: 

FIGS. 1A, 1B and 1C relate to an embodiment of the 
mirror-Bragg grating (SSFFP) ?lter according to the 
invention, the graphs in FIGS. 1B and 1C shoWing the 
Wavelength dependent re?ectivities of the tWo elements of 
FIG. 1A Which form an embodiment of the ?lter according 
to the present invention; 

FIGS. 2A, 2B and 2C are a series of graphs of calculated 
?lter transmission functions for the ?lter of FIG. 1A for 
various cavity lengths L (assuming Rm=0.9, R9(peak)=0.9, 
BWBGF=0.1 nm), Where in FIG. 2A: L=10 cm; in FIG. 2B: 
L=5 cm; and in FIG. 2C: L=2 cm; 

FIGS. 3A and 3B relate to a basic single-frequency, 
Er-?ber ring laser con?guration With a tandem arrangement 
of ?ber Fabry-Perot (FFP) ?lters representative of the prior 
art, FIG. 3A being the optical arrangement, and FIG. 3B 
being the optical transmission characteristics of the tandem 
FFP ?lters; 

FIG. 4 is an Er-?ber ring laser con?guration having a ?lter 
including a mirror and ?ber Bragg grating according to the 
present invention; 

FIGS. 5A, 5B and 5C are a series of graphs of the output 
spectra of the ring laser con?guration shoWn in FIG. 4, FIG. 
5A being With the ring disconnected (at point A in FIG. 4), 
FIG. 5B being With the ring closed, and FIG. 5C being an 
optical spectrum analyZer limited resolution of the lasing 
mode at a Bragg Wavelength of 1548.1 nm; FIGS. 5A and 5B 
having a dB poWer scale, 50 nm span, and FIG. 5C having 
a linear poWer scale, 5 nm span; 

FIG. 6A illustrates a spectrally-selective ?ber Michelson 
(SSFM) interferometric ?lter according to an embodiment of 
the invention formed as ?rst and second ?ber arms coupled 
together by a coupler, the ?rst ?ber arm having a mirror 
element disposed therein and the second ?ber arm having a 
?ber Bragg grating formed therein, and 

FIG. 6B illustrates the calculated transmission character 
istic of the SSFM ?lter of FIG. 6A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention Will noW be described in more detail by 
example With reference to the embodiments shoWn in the 
Figures. It should be kept in mind that the folloWing 
described embodiments are only presented by Way of 
example and should not be construed as limiting the inven 
tive concept to any particular physical con?guration. 

FIG. 1A shoWs a schematic of a spectrally-selective ?ber 
Fabry-Perot (SSFFP) ?lter con?guration 100 according to an 
embodiment of the present invention. A Fabry-Perot cavity 
is formed in ?ber 102 betWeen a narroW-band ?ber Bragg 
grating (FBG) re?ector 104 and a broad-band mirror 106. 
The spectral re?ection characteristics Rg and Rm of the 

tWo elements, i.e., the ?ber Bragg grating 104 and the mirror 
106, respectively, versus wavelength (9») are depicted in FIG. 
1B. 

The combination of the ?ber Bragg grating (FBG) 104 
and the mirror 106 form a resonant cavity only in the 
Wavelength region Where the FBG re?ectance is high (i.e., 
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Within the FBG bandwidth), Which has the transmission 
characteristics as represented in FIG. 1C. At other 
Wavelengths, the high re?ectivity mirror 106 re?ects most of 
the light, resulting in a loW transmission characteristic equal 
to (l-Rm), Where Rm is the mirror re?ectivity. The resulting 
pass-band transmission characteristics of the ?lter 100 
depend on the cavity length L betWeen the mirror 106 and 
the FBG element 104, the mirror re?ectivity Rm, and the 
peak re?ectivity (Rg) and bandWidth of the FBG element 
104. 

The SSFFP ?lter transmission characteristics can be 
derived from the basic theory of Fabry-Perot interferometry 
by including a Wavelength dependent re?ectivity, Rg(>\.), to 
describe the Bragg grating. Assuming negligible losses in 
the mirror or grating, the transfer function is: 

IT 

Where Rm is the mirror re?ectivity, and 6 is the cavity phase 
delay given by 

a 

With L the cavity length and n the ?ber index. 
FIGS. 2A, 2B and 2C shoW examples of the calculated 

transmission characteristics for various mirror and peak 
grating re?ectivities. Here the grating re?ection function is 
modeled as a Gaussian curve With 1/e bandWidth A)», i.e.: 

Where Rg()\,0) is the peak re?ectivity of the Bragg grating at 
the central Wavelength )to. 
As seen in FIGS. 2A, 2B and 2C, Within the grating 

bandWidth the transmission is characteriZed by the Fabry 
Perot resonance peaks, Whereas outside the FGB bandWidth, 
the transmission falls to a constant value determined by the 
mirror re?ectance coef?cient. 

The ?lter according to the present invention can be 
advantageously used Within a ?ber ring laser con?guration 
to provide narroW-band Wavelength ?ltering for providing 
stable and tunable ring laser operation. Because of tempera 
ture effects on spacing and index of refraction, the ?lter 
Would be used in a temperature controlled environment to 
minimize these effects. 

FIG. 3A shoWs a ring laser system such as that described 
in N. Park, J. W. DaWson, K. J. Vahala and C. Miller, 
“All-Fiber, LoW Threshold, Widely Tunable Single 
Frequency, Erbium-Doped Fiber Ring Laser With a Tandem 
Fiber Fabry Perot Filter”, Appl. Phys. Letter, 59, pp. 
2369—2371, 1991, Which represents a state-of-the-art single 
frequency ?ber ring laser con?guration. 

This illustrated ring laser con?guration includes a gain 
module 314 consisting of an Er doped ?ber piece 306, pump 
laser 316 and Wavelength division multiplexer (WDM) 
coupler 318, and incorporates tWo ?ber Fabry-Perot cavity 
?lters 302 and 304 in the ?ber ring, one broad-band and the 
other narroW-band, respectively. The use of isolators 308, 
310 and 312 to alloW only unidirectional operation promotes 
single-frequency operation by eliminating spatial hole burn 
ing in the active ?ber section, i.e., the Er doped ?ber piece 
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6 
306. The optical output is provided by output coupler 320. 
Aconventional polariZation controller 321 (PC1) is provided 
and can be adjusted to optimiZe the gain. 
The effective transmission characteristics of the combi 

nation of ?lters 302 and 304 is determined by the product of 
their transfer functions, as is shoWn in FIG. 3B. 

In the typical operation of this ring laser arrangement, the 
broad-band Fabry-Perot (BBFP) ?lter 302 has a free spectral 
range (FSR) approximately equal to the gain bandWidth of 
the Er doped ?ber 306 (z>30 nm for Er doped ?ber), 
Whereas the narroW-band Fabry-Perot (NBFP) ?lter 304 has 
an FSR of about 1 nm and a bandWidth of about 0.01 nm 
(corresponding to approximately 1.3 GHZ at 1.55 pm). The 
very narroW-band Wavelength selection ensures that the gain 
of the ring is high only for a series of narroW Wavelength 
bands, and thus lasing occurs at the ring cavity modes Within 
the tandem Fabry-Perot ?lter transfer function. 
As previously mentioned, each Fabry-Perot ?lter and 

required isolator disadvantageously inserts a loss into this 
ring laser system. A ?ber ring laser device incorporating an 
in-line spectrally-selective ?ber Fabry-Perot ?lter according 
to the present invention advantageously eliminates the need 
for tWo Fabry-Perot ?lters by combining both narroW-band 
and broad-band ?ltering characteristics in one element. The 
present invention provides the desired passband character 
istics and associated bene?ts With a single ?lter and, 
therefore, minimiZes the losses associated With using tWo 
?lters, etc. in the prior art. 

FIG. 4 shoWs such a ring laser con?guration according to 
the present invention utiliZing an in-line spectrally-selective 
?ber Fabry-Perot (SSFFP) ?lter 400 to provide an optical 
?ber means for narroW-band Wavelength ?ltering. In the 
illustrated embodiment of this con?guration, a conventional 
?ber ampli?er unit Was used as the gain module 414. This 
unit comprises, for example, 20 m of Er-doped ?ber 406, a 
1480 nm pump laser 416 and WDM coupler 418, and has a 
maximum small-signal gain of 24 dB at 1555 nm. 
The ring incorporates tWo isolators 408 and 412 to 

provide unidirectional operation and to prevent re?ections 
off the mirror 401 or ?ber Bragg grating (FBG) element 402 
from forming additional intra-ring cavities Which may lead 
to instabilities, although in practice only one of the isolators 
may really be required, the second one being provided as an 
extra protection for the expensive laser source. The ?ber 
Bragg grating 402 is, for example, centered at 1548.1 nm 
With a bandWidth of about 0.2 nm, and a peak re?ectivity of 
about 85%. The mirror 401 is, for example, a metaliZed 
?ber-?ber connector, With a re?ectivity of about 95%. 

In the illustrated embodiment of this ring laser system 
according to the present invention, the mirror-FBG cavity 
length L‘ Was kept relatively long (approximately 30 cm) to 
preserve the ?ber pigtails on these elements. A 3 dB ?ber 
coupler 420, for example, is used as an output port, the 
optical signal from Which may be split again, as illustrated, 
in order to feed a photodetector (not shoWn) for mode-mode 
beat analysis by an RF spectrum analyZer (not shoWn), an 
optical spectrum analyZer (not shoWn), a 3 m unbalanced 
?ber interferometer (not shoWn), or the like. 

FIG. 5A shoWs the optical spectrum of the output of the 
system of FIG. 4 With the ring disconnected (at point A in 
FIG. 4). The dip in the broadband ?uorescence output at 
about 1548 nm is due to the ?ber Bragg grating 402. Within 
this dip, a series of narroW-band transmission peaks are 
formed by the interaction of the FBG 402 and mirror 401, 
but are unresolved by the 0.1 nm instrument-limited reso 
lution of the optical spectrum analyZer used. 

FIG. 5B shoWs the output spectrum With the ring of FIG. 
4 closed, and polariZation controllers 421 and 422 (PC1 and 
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PC2) adjusted to optimize the gain at 1548 nm. The ring 
lased at the center Wavelength of the ?ber Bragg grating 402, 
con?rming the presence of transmission peaks in the vicinity 
of the Bragg bandwidth, and the operation of the mirror 
Bragg grating combination (400) as a Wavelength selective 
?lter for this type of application. 

FIG. 5C shoWs an instrument limited (0.1 nm) spectrum 
of the laser line. Observation of the beat-note spectrum, and 
the visibility and phase stability of the ?ber MZ output 
interference signal con?rm that, instantaneously, the laser 
operates in a single longitudinal cavity mode. HoWever, 
frequent mode hops may occur With a period of a feW 
seconds absent vibration and thermal isolation of the ring, 
and in particular, the active ?ber section 406 housed Within 
the ampli?er module 416. Reduction of the acoustic and 
environmental sensitivity of the ring, and shortening the 
mirror-Bragg cavity improves single-frequency stability. 

FIG. 6A illustrates a spectrally-selective ?ber Michelson 
(SSFM) interferometric ?lter formed With a mirror 601 and 
a ?ber Bragg grating 602. First 604 and second 605 ?ber 
arms are coupled together by a coupler 603, the ?rst ?ber 
arm 604 having mirror element 601 disposed therein and the 
second ?ber arm 605 having ?ber Bragg grating 602 formed 
therein. The distance L“ represents the path length to re?ec 
tive element difference betWeen the tWo arms 604 and 605. 

This SSFM ?lter can also be used in a ring laser con?gu 
ration as an intra-ring lasing Wavelength selector, for 
eXample, replacing the SSFFP 400 of the ring laser con?gu 
ration of FIG. 4. FIG. 6B illustrates the calculated transmis 
sion characteristic of the SSFM ?lter of FIG. 6A. 

It Will be understood that the above description of the 
present invention is susceptible to various modi?cations, 
changes, and adaptations, and the same are intended to be 
comprehended Within the meaning and range of equivalents 
of the appended claims. 
An embodiment of a simple in-line ?ber Fabry-Perot ?lter 

con?guration has been disclosed based on the use of a ?ber 
Bragg grating element in conjunction With a normal mirror 
element. The resulting transmission function provides 
Fabry-Perot transmission characteristics Within an envelope 
determined by the bandWidth of the ?ber Bragg grating, 
Whereas outside of this Wavelength region, the ?lter is 
characteriZed by an attenuation level determined by the 
mirror re?ectivity. In another embodiment, a Michelson 
interferometric ?lter is formed With comparable transmis 
sion characteristics. 

These simple ?lter con?gurations are useful in providing 
Wavelength selection in a ?ber ring laser as disclosed, and 
should be useful in other laser con?gurations, as Well, or 
anyWhere Where high-Q, narroW-band ?ltering is desirable. 
The ?lter con?guration according to the present invention 
Would also ?nd use in the Wavelength stabiliZation of laser 
sources, for eXample, as a Wavelength selective sensor 
element in feedback circuitry to adjust the laser source 
output Wavelength. 

The present invention is not limited to the use of intra 
core Bragg gratings, and could be used With other ?ber 
grating manufacturing techniques, e.g., side polished 
devices, etc. In side polishing, a ?ber piece is polished to 
eXpose the core, and then a polymer layer having a different 
indeX of refraction from the core is applied to selected 
regions. The resulting effective indeX changes in these 
regions forms a Bragg grating effect in the ?ber piece in a 
similar, if less pronounced and efficient, manner to the 
intra-core grating technique previously described. Fiber 
gratings could also be made by selective ion beam implant 
ing in the core to establish the variations in refractive indeX 
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8 
required. Other uses of the SSFFP ?lter include applications 
such as a reference cavity for frequency stabiliZation of 
lasers, and as sensor elements in a Wavelength division 
addressed multiplexed system, With each ?ber Bragg grating 
being Written at a different Wavelength. 
What is claimed and desired to be secured by Letters 

Patent of the United States is: 
1. A ?ber-optical ?lter formed in a ?ber piece, said ?lter 

comprising: 
a broad-band mirror formed in the ?ber piece; and 
a narroW-band ?ber Bragg grating element having a 

bandWidth and formed some distance L from said 
broad-band mirror in the ?ber piece; 

Wherein said broad-band mirror and said narroW-band 
?ber Bragg grating element form therebetWeen a 
Fabry-Perot cavity of length L in the ?ber piece reso 
nant in a Wavelength region Within the bandWidth of 
said ?ber Bragg grating element. 

2. An in-line, spectrally-selective ?ber Fabry-Perot trans 
mission ?lter comprising: 

an optical ?ber piece having a broad-band mirror and a 
narroW-band Bragg grating element formed therein, 
said mirror and said grating forming a Fabry-Perot 
resonant cavity therebetWeen. 

3. The ?lter of claim 2 Wherein: 
said narroW-band Bragg grating element is an intra-core 

Bragg grating element. 
4. The ?lter of claim 2 Wherein: 
said mirror is a metaliZed ?ber-?ber connector having a 

predetermined re?ectivity of about 95%; and 
said Bragg grating element has a center Wavelength in the 

range from about 1525 nm to about 1565 nm, a 
relatively narroW bandWidth of less than 0.2 nm, and a 
peak re?ectivity approximately equal to the predeter 
mined re?ectivity of said mirror. 

5. A?ber ring laser con?guration for providing an optical 
output signal, comprising: 

a ?ber ampli?er unit including a pump laser for producing 
an optical output, an amplifying ?ber piece and a ?rst 
coupler, said ?rst coupler coupling the optical output 
and an input to be ampli?ed into said amplifying ?ber 
piece, said amplifying ?ber piece providing an output 
of said ?ber ampli?er unit; 

?rst isolation means, coupled to receive the output of said 
?ber ampli?er unit, for providing unidirectional opera 
tion; 

?ber optical ?lter means for narroW-band Wavelength 
?ltering of the output of said ?ber ampli?er unit, said 
?lter means having a ?rst end coupled to said ?rst 
isolation means, having a second end, and including a 
broad-bandWidth mirror and a narroW-bandWidth ?ber 
Bragg grating element formed some distance L from 
said broad-bandWidth mirror, Wherein said broad 
bandWidth mirror and said narroW-bandWidth ?ber 
Bragg grating element form therebetWeen a Fabry 
Perot cavity; and 

a second coupler coupled to said second end of said 
?ber-optical ?lter means and being responsive to a 
narroW-band Wavelength ?ltered output therefrom for 
providing a portion of the narroW-band Wavelength 
?ltered output as the optical output signal of the ring 
laser con?guration. 

6. The ?ber ring laser con?guration of claim 5 further 
including: 

second isolation means coupled to said second coupler 
and being responsive to a second portion of the narroW 
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band Wavelength ?ltered output of said ?lter means for 
providing to said ?rst coupler the second portion of the 
narroW-band Wavelength ?ltered output as the input to 
be ampli?ed. 

7. The ?ber ring laser con?guration of claim 5 Wherein: 
said broad-bandWidth mirror is a metaliZed ?ber-?ber 

connector having a predetermined re?ectivity; and 
said narroW-bandWidth ?ber Bragg grating element is an 

intra-core Bragg grating having a center Wavelength in 
the range from about 1525 nm to about 1565 nm, a 
relatively narroW bandWidth, and a peak re?ectivity 
approximately equal to the re?ectivity of said mirror. 

8. The ?ber ring laser con?guration of claim 5 further 
including: 

at least one polariZation controller for adjusting the gain 
of the ?ber ring laser con?guration. 

9. A spectrally-selective ?ber Michelson interferometric 
?lter comprising: 

a coupler; 

?rst and second ?ber arms coupled together by said 
coupler, said ?rst ?ber arm having a mirror element 
disposed therein and said second ?ber arm having a 
?ber Bragg grating formed therein. 

10. The spectrally-selective ?ber Michelson interferomet 
ric ?lter of claim 9 Wherein: 

said mirror element is formed by a metaliZed ?ber-?ber 
connector With a predetermined re?ectivity; and 

said ?ber Bragg grating element has a center Wavelength 
in the range from about 1525 nm to about 1565 nm, a 
predetermined bandWidth, and a peak re?ectivity 
approximately equal to the re?ectivity of said mirror 
element. 

11. A?ber ring laser con?guration for providing an optical 
output signal, comprising: 

a ?ber ampli?er unit including a pump laser for producing 
an optical output, an amplifying ?ber piece and a ?rst 
coupler, said ?rst coupler coupling the optical output 
and an input to be ampli?ed into said amplifying ?ber 
piece, said amplifying ?ber piece providing an output 
of the ?ber ampli?er unit; 

?rst isolation means, coupled to receive the output of said 
?ber ampli?er unit, for providing unidirectional opera 
tion; 

?ber optical ?lter means for narroW-band Wavelength 
?ltering of the output of said ?ber ampli?er unit, said 
?lter means coupled to the ?rst isolation means, and 
including a broad-bandWidth mirror and a narroW 
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bandWidth ?ber Bragg grating element, Wherein said 
?lter means is a spectrally-selective ?ber Michelson 
interferometric ?lter having ?rst and second ?ber arms 
coupled together, said ?rst ?ber arm having said broad 
bandWidth mirror formed therein and said second ?ber 
arm having said narroW-bandWidth ?ber Bragg grating 
formed therein; and 

a second coupler coupled to said ?ber-optical ?lter means 
and being responsive to a narroW-band Wavelength 
?ltered output therefrom for providing a portion of the 
narroW-band Wavelength ?ltered output as the optical 
output signal of the ring laser con?guration. 

12. The ?ber ring laser con?guration of claim 11 further 
including: 

second isolation means coupled to said second coupler 
and being responsive to a portion of the narroW-band 
Wavelength ?ltered output of said ?lter means for 
providing said portion of the narroW-band Wavelength 
?ltered output to said ?rst coupler as the input to be 
ampli?ed. 

13. A method of forming an in-line, spectrally-selective 
?ber Fabry-Perot transmission ?lter, said method compris 
ing the steps of: 

providing an optical ?ber piece; 
forming a broad-band mirror in the ?ber piece; 
forming a narroW-band Bragg grating element in the ?ber 

piece; and 
utiliZing the mirror and the grating to form a Fabry-Perot 

resonant cavity therebetWeen. 
14. The method of claim 13 Wherein said step of forming 

the broad-band mirror includes the step of: 
forming a metaliZed ?ber-?ber connector having a pre 

determined re?ectivity in the ?ber piece. 
15. The method of claim 14 Wherein said step of forming 

the narroW-band Bragg grating element includes the step of: 
forming an intra-core ?ber Bragg grating element by the 

application of interfering beams of ultraviolet light to a 
?ber core so that the grating has a center Wavelength in 
the range from 1525 nm to about 1565 nm, a prede 
termined bandWidth, and a peak re?ectivity approxi 
mately equal to the predetermined re?ectivity of the 
mirror. 

16. The method according to claim 14 Wherein said step 
of forming the narroW-band Bragg grating element includes 
the step of: 

forming a Bragg grating by side-polishing. 

* * * * * 


