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(54) Article comprising a high power/broad spectrum superfiuorescent fiber radiation source 

(57) A novel superfiuorescent fiber source (SFS) 
(10) has high power and broad bandwidth, and can 
advantageously be used in a variety of applications, 
e.g., optical coherent tomography systems, sliced spec¬ 
trum optical fiber communication systems, and optical 
position sensing systems. The novel SFS comprises a 
first and a second length of rare earth-doped optical 
fiber (11,12), with an optical isolator (13) therebetween. 
Light from a first pump source (14) is provided to the 
first length of optical fiber, and light from a second pump 
source (15) is provided to the second length of optical 

FIG. 

fiber. An optional reflector (16) is disposed to reflect at 
least some upstream-propagating light back into the 
first length of optical fiber, whereby generation of long- 
wavelength amplified spontaneous emission (ASE) is 
facilitated. The long-wavelength ASE is transmitted 
through the optical isolator to the second length of rare 
earth-doped optical fiber, where broadband ASE is gen¬ 
erated and the long-wavelength ASE is amplified. The 
resulting ASE is provided to utilization means. 
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Description 

FIELD OF THE iNVENTION 

[0001] This invention pertains to broad spectrum 5 
optical fiber radiation sources, and to articles that com¬ 
prise such sources. 

BACKGROUND 
10 

[0002] Broadband optical fiber radiation sources 
are of interest because of their wide range of applica¬ 

tions, from sliced spectrum sources to optical noise 
sources in EDFA (Er-doped fiber amplifier) measure¬ 
ment systems, from optical sensor systems to fiber optic is 

gyroscopes and to low-coherence tomography. In par¬ 
ticular, superfluorescent fiber sources (SFS) using 
amplified spontaneous emission (ASE) from an Er- 
doped fiber are of considerable interest. 
[0003] US Patent No. 5,668,821 discloses use of a 2o 

long period grating to spectrally flatten the output of a 
SFS, and US Patent No. 5,701,318 discloses a polar¬ 
ized SFS, with a polarizer disposed within the superflu¬ 
orescent fiber. S.P. Parry et al., “Optical Amplifiers and 
Their Applications" Conference, TuD3, 1998 disclose a 25 
high power/broad band SFS that uses a single long 
length {51m) of Er-doped fiber, and J.H. Lee et al., 

Optics Letters. Vol. 24(5), P. 279, March 1, 1999 dis¬ 
closes a prior art high power/broad band SFS that uses 
two pumped lengths of Er-doped fiber, and a novel 30 

source that uses a single length of pumped Er-doped 
fiber and an unpumped length of Er-doped fiber before 
the amplifier stage. 

[0004] The above recited references are exemplary 
only. All cited references are incorporated herein by ref- 35 

erence. 
[0005] Various SFS configurations have been 
reported in the prior art, but the double pass backward 
(DPB) configuration has been shown to provide the 
largest bandwidth and the highest conversion efficiency. 40 

However, even using a DPB configuration, it is difficult to 
devise a SFS that has high power (e.g., greater than 
lOmW) and broad bandwidth (e.g., greater than 40nm 
between±3dB points). 
[0006] The main difficulty with achieving high power 45 

and broad bandwidth is the bandwidth narrowing that is 
experienced at high pump powers by SFSs. See, for 
example, S.P. Parry et al., op.cit. It is known that this 
bandwidth narrowing is a consequence of the wave¬ 
length-dependent gain coefficient of Er-doped fiber. In so 

view of the great utility of high power/large bandwidth 
SFSs, it would be desirable to have available a broad¬ 
band SFS (e.g.. > 40nm between ±3dB points) that can 
provide high power (e.g., > lOmW). This is because 
increased SFS bandwidth typically results in increased 55 
resolution in, e.g., an optical tomography system, and 
increased power (spectral density) typically results in 

increased signal to noise ratio. This application dis¬ 

closes such a broad band/high power SFS. 

DEFINITIONS AND GLOSSARY OF TERMS 

[0007] By "light" we mean herein electromagnetic 
radiation of wavelengths of interest for SFSs, generally 
in the infrared part of the spectrum. 
[0008] The "rare earths" (REs) are the elements of 
atomic numbers 57-71, and the rare earths that are suit¬ 
able for stimulated emission In a slllca-based fiber will 
be referred to as "SE-REs". Preferred SE-REs are Er, 
Yb and Nd. 

SUMMARY OF THE INVENTION 

[0009] In a broad aspect, the invention is embodied 
in a SFS of novel design, and in articles (e.g., a commu¬ 
nication system, a measurement system, an optical 
sensor system, a fiber optic gyroscope, a low-coher¬ 
ence tomography system) that comprise the SFS. 
[0010] More specifically, the invention is embodied 

in an article that comprises an optical fiber light source. 
The light source comprises a first and a second length 
of SE-RE-doped optical fiber, disposed such that light 
can be transmitted axially from the first to the second 
length. The light source also comprises a source of first 
pump light, and also comprises a coupler for coupling 

first pump light into the first length of SE-RE-doped opti¬ 
cal fiber into the downstream direction. 
[0011] Significantly, the light source also comprises 
a source of second pump light, a coupler for coupling 
the second pump light into the second length of SE-RE- 
doped optical fiber into the upstream direction, and an 
optical isolator disposed between the first and second 
lengths of SE-RE-doped optical fiber such that 
upstream-propagating light from the second length of 
SE-RE-doped optical fiber is substantially prevented 
from reaching the first length of SE-RE-doped optical 
fiber. In a preferred embodiment, the light source fur¬ 
thermore comprises a reflector disposed to reflect at 
least some upstream-propagating light back into the 
first length of SE-RE-doped optical fiber in the down¬ 
stream direction, whereby generation of long-wave- 
length ASE is facilitated. The long-wavelength ASE is 

transmitted through the optical isolator from the first to 
the second length of SE-RE-doped optical fiber, where 
broadband ASE is generated. The broadband ASE 
propagates from the second length of SE-RE-doped 
optical fiber in the downstream direction to utilization 
means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] 

Fig. 1 schematically depicts an exemplary light 
source according to the invention; 

Rg. 2 shows the output spectrum of an exemplary 
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light source according to the invention. 

Fig. 3 schematically depicts an exemplary optical 
coherent tomography system according to the 

invention; 
Fig. 4 schematically shows an exemplary sliced 
spectrum optical fiber communication system 
according to the invention; and 
Fig. 5 schematically depicts an exemplary optical 
position-sensing system according to the invention. 

[0013] The drawings are not intended to be to scale 
or in proportion. 

DETAILED DESCRIPTION 

[0014] Fig. 1 schematically shows an exemplary 
embodiment of a SFS 10 according to the invention, 
wherein numerals 11 and 12 refer to the first and sec¬ 
ond lengths of SE-RE-doped optical fiber, respectively, 
13 refers to an optical isolator disposed between the 
first and second lengths, 14 and 15 refer to the sources 
of first and second pump light, respectively, and 16 
refers to an optional broadband reflector. Numerals 17 
and 18 refer to conventional couplers, 19 refers to an 
optical isolator, and arrow 20 indicated the downstream 

direction. 
[0015] The exemplary FSF is designed to generate 

the required long-wavelength ASE in the first stage 11 
and to amplify the generated ASE in the second stage 
12. The second stage also serves to generate the short 
wavelength ASE in a manner similar to a conventional 
single-pass backward ASE source. The amount of long- 
wavelength ASE injected into the second stage from the 
first one, and the pump power of the second stage typi¬ 
cally are balanced to obtain the desired broad band¬ 

width. 
[0016] By way of example, the first and second 
lengths of optical fiber are respectively 50 and 10m In 
length, with the fiber being silica-based and Er-doped to 
have peak absorption of 16dB/m at 1530nm. The first 
pump source exemplarily provides lOOmW of 980nm 
pump light that is propagating in the downstream direc¬ 
tion, and the second pump source exemplarily provides 
120mW of 1480nm pump light that is propagating in the 
upstream direction. The optional broadband reflector 
exemplarily is a fiat cleave at the input end of the first 
stage. The cleave provides 4% broadband reflection, 
which is sufficient to efficientiy generate the down¬ 
stream propagating long wavelength ASE. In an other 
embodiment the reflector is a 90% Au reflector, selected 
to provide increased pump efficiency. In principle the 
reflectivity can be any value >0 and < 100%, commen¬ 
surate with light source characteristics. 
[0017] Fig. 2 shows the output spectrum of the 
above-described exemplary SFS. The total output 
power was measured to be greaterthan 25mW. The plot 
of Fig. 2 shows three curves, with curve 23 being the 
output spectrum of the SFS when both pump diodes are 

turned on. Curve 22 is the output spectrum of the sec¬ 
ond stage when only the 1480nm pump diode is turned 
on. The output spectrum in this case is similar to the 
spectrum that would be obtained from a single pass 

5 backward ASE source. The bandwidth in this case is 
only about 30nm. Curve 21 Is the output spectrum of the 
first stage when oniy the 980nm pump diode is turned 

on. As can be seen, the first stage generates substan¬ 
tially only long wavelength ASE. As can be seen from 

10 curve 23, the bandwidth of the exemplary SFS accord¬ 
ing to the invention is greaterthan 75nm between the + 
3dB points. Routine optimization of an SFS according to 
the invention is expected to yield even greater power 
and/or bandwidth. 

15 [0018] Exemplary results obtained with the exem¬ 
plary non-optimize SFS according to the invention com¬ 
pare favorable with a commercially available prior art 
erbium SFS (fluorite fiber) which produces about 10mW 
of power with a bandwidth of about 70nm (measured at 

20 the - lOdB points; corresponding to about 35nm 
between ±3dB points). 
[0019] It will be appreciated that the disclosed SFS 
according to the invention is exemplary only, and that 
variations of the basic design are possible and are con- 

25 templated. For instance, a single pump source could 
provide the power for both the first and second stages. 
For fibers doped with SE-REs other than Er the pump 
wavelength and other systems parameters (e.g., doping 
leveis, fiber lengths) will typically be different from those 

30 of the above described exemplary system. A minor 
amount of routine experimentation wiii typicaiiy result in 
an acceptable system.. 
[0020] Although the emission spectrum of light 

sources according to the invention is typically relatively 
35 smooth (see Fig. 2), for some applications it may be 

desirable to further smooth the output of the light 
source. This can be accomplished by conventional filter¬ 
ing means, e.g., by means of one or more long period 
gratings. 

40 [0021] SFS according to the invention are advanta¬ 
geously used in apparatus whose performance 
improves with increasing bandwidth and/or power of the 
light source. Among such apparatus are an optical 
coherent tomography system, a sliced spectrum optical 

45 communication system, and a position sensing system 

with optical fiber gyroscope. 
[0022] Fig. 3 schematically depicts an exemplary 
optical coherent tomography system 30. Reference 
numeral 31 refers to a SFS according to the invention, 

50 numerals 320 and 321 refer to optical fiber, numeral 33 
is a conventional fiber coupler, 34 is a reference mirror, 
35 is an object under examination, and 36 is a photode¬ 
tector. The SFS iight is transmitted through fiber 320 to 
coupler 33, where it is split into two arms. Conventional 

55 optics 37 focuses light from one arm onto the object 
under observation, and optics 38 focuses the light from 
the other arm onto reference mirror 34. Light reflected 

from the object under observation and the reference 
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mirror is focused by conventional optics 37 and 38 onto 

the respective arms and guided to the coupler, where 
light from the two arms is caused to interfere. The inter¬ 
ference signal is transmitted to the detector. By scan¬ 
ning the mirror position, the interference signal provides 
information about the object under observation, with the 
r solution of the system being proportional to the band¬ 
width of the SFS. For more detail, see E.A. Swanson et 
al., Optics Letters. Vol. 18(21), pp. 1864-1868 (1993). 

[0023] Fig. 4 schematically depicts an exemplary 
sliced spectrum optical fiber communication system 40. 
Numerals 41-46 refer, respectively, to a multi-wave- 
length transmitter, multi-wavelength receiver, optical 
fiber, optical amplifier, SFS according to the invention, 
spectrum slicer, and modulator. During operation, the 

output of the SFS is spectrally sliced in known manner 
into a multiplicity a wavelength channels by means of 
the spectrum slicer 45. The number of channels and the 
spectral width of the channels can be selected by 
adjustment of the spectrum slicer. The channels are 
then encoded with data by means of modulator 46, and 
the modulated channels are coupled into the optical 
fiber and propagate towards the optional amplifier and 
the receiver. For more detail, see for instance, J.H. Han 
et al.. Electronics Letters. Vol. 31(12), pp. 989-991, 
(1995). 
[0024] Fig. 5 schematically depicts an exemplary 

position sensing system 50 that comprises a SFS 51 
according to the invention, a polarizer 52, and a fiber 
gyroscope 53. Use of the SFS according to the inven¬ 
tion will typically result in improved performance of the 
position sensing system since use of a broader band¬ 
width light source results in general in improved resolu¬ 
tion. For more detail see for instance, R.A. Bergh et al., 
Optics Letters. Vol. 6, pp. 502-504(1981). 
[0025] It will be understood that use of a SFS 
according to the invention is not limited to the above-dis¬ 
cussed applications, and that use is contemplated 
wherever benefit can be derived from use of a high 
power wide bandwidth SFS according to the invention. 

Claims 

1. An article comprising an optical fiber light source 
comprising 

a) a first and a second length of optical fiber 
doped with one or more rare earth elements 
suitable for stimulated emission from the opti¬ 
cal fiber, said rare earth elements to be referred 
to as SE-REs", said first and second lengths of 
optical fiber disposed such that light can be axi¬ 
ally transmitted from the first to the second 
length; 
b) a source of first pump light; and 
c) a coupler for coupling said first pump light 
into said first length of SE-RE-doped optical 
fiber in a downstream direction; 

CHARACTERIZED IN THAT the optical fiber 
light source further comprises 

d) a source of second pump light; 

e) a coupler for coupling said second pump 
5 light into said second length of SE-RE-doped 

optical fiber in an upstream direction; 
f) an optical isolator disposed between said first 
and second lengths of SE-RE-doped optical 
fiber such that upstream-propagating light from 

10 said second length of SE-RE-doped optical 
fiber is substantially prevented from reaching 
said first length of SE-RE-doped optical fiber; 
and 
g) the optical fiber light source is adapted for 

15 generating long-wavelength amplified sponta¬ 
neous emission light in said first length of SE¬ 
RE doped optical fiber, said long wavelength 
amplified spontaneous emission iight being 
transmitted through said optical isolator to the 

20 second length of SE-RE doped optical fiber, 
with the resulting broadband spontaneous 

emission light being provided to utilization 
means in the downstream direction. 

25 2. Article according to claim 1, further comprising a 
reflector disposed to receive light that propagates 
axially from the first length of SE-RE-doped optical 

fiber in the upstream direction, and to reflect at least 
some of said light back into the first length of SE- 

30 RE-doped optical fiber in the downstream direction, 
whereby generation of long wavelength amplified 
spontaneous emission light is further facilitated. 

3. Article according to claim 2, wherein said reflector 
35 is a broadband reflector with reflectivity in the range 

4-100%. 

4. Article according to claim 1, wherein the source of 
the first pump light is also the source of the second 

40 pump light. 

5. Article according to claim 1, wherein the source of 
the first pump light differs from the source of the 
second pump light. 

45 

6. Article according to claim 1, wherein the first and 
second lengths of optical fiber are doped with one 
or more numbers of the group consisting of Er, Yb 
and Nd. 

so 

7. Article according to claim 1, wherein the broadband 
spontaneous emission light that is provided to utili¬ 
zation means has a ±3dB bandwidth greater than 
40nm and total power greater than 10mW. 

55 

8. Article according to claim 7, wherein the article is 
an optical tomography system further comprising a 
first optical fiber path for providing broadband spon- 

BNSDOCID: <EP_1079482A2_L> 
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taneous emission light from the optical fiber light 
source to an object under examination, and still fur¬ 
ther comprising a second optical fiber path adapted 
for guiding light from a moveable reference mirror to 
a light detector, with afibercouplerforcoupling light 5 

between said first and second fiber paths. 

9. Article according to claim 7, wherein the article is a 
sliced spectrum optical fiber communication system 
comprising a multi-wavelength transmitter, a multi- to 

wavelength receiver, and an optical fiber transmis¬ 
sion path signal transmissively connecting said 
multi-wavelength transmitter and receiver, said 
multi-wavelength transmitter comprising said opti¬ 
cal fiber light source that provides broadband spon- is 

taneous emission light to a spectrum slicer, and 
further comprising a modulator that receives and 
modulates the output of said spectrum slicer, with 
the modulated output of the spectrum slicer being 
coupled into said optical fiber transmission path. 20 

10. Article according to claim 7, wherein the article is a 
position-sensing system comprising said optical 
fiber light source, a polarizer and a fiber gyroscope, 
with the output of said optical fiber light source 25 

being provided to said polarizer, and the output of 
said polarizer being provided to said fiber gyro¬ 

scope. 

30 
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