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Abstract A double-pass Hward punping ( DPFP) broadband Er* /Yb*
L 55Hm is demonstrated and expermentally investizgated The output power mean wavelkngth and bandw dth of the source are

co-doped superfliorescent fiber source at

stud ed on tree different length fbers when pumped near 976rm and operated i their optmal punp power The expermental
resulis show that the fiber source of a 60cm E£* /Y1 co-doped fber behaves better than the others A m axin um output pow er of
9 18mW and a bandw dth of only 34t are achieved sinultaneously with m ean wavelngth stability of 7. 16 X 10" “m /mW. If
decreas ing the output paver to about 3 78mW, a maxinum bandw dth of more than 80mm can be acqu red
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Introductions

N aveaton-grade fberoptic gyroscopes ( FOGs) re
quire superfliorescent fber sources ( SFSs) at 1 Sk
w hose output should not only have a high-power level for
a low shotnoise lm it and a lage bandv idth to reduce co-
herence-related excess noise but also have a stablemean
wavelengh to yel a low scale factor drifi*”'. The erbi
um—doped fber ( EDF) SKSs have been studied exten-
svely for this app lication ', D iverse experin ental confie-
uratons have been reported achieving either a wide
bandw idth of 80mm'” or a hih power of up to W', but
no one ach eves both of them simu ltaneously. In addition
sane schan es can hardly be applied to particu br puipose
because of the canplex setups and high cost Currently
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which usually consist of a seed source stage and an anpl+
fy ing stagem. H owever the mean wavelength n these
configurations depends on so many parameters that it is
very difficult to keep them stable n engneerng A s it has
been shown doub ]e—cladd'ngElﬁ3+ /Y™ co-doped optical
fber (EYDF) hasmuch superbrity over other fbers ",
such as bwer requiran ents of the pump source and higher
punp ng conversbn effic 'Bncy[g’ o

In ths paper we report a double-pass fow ard pum—
ping broadband Ef" /Yb" co-doped superfhiorescent f+
ber source which is a pum ising candidate for the light
source of navigatbn-grade gyroscopes The propagation
equations for the superfluorescent power along the actve
fber have been described based on the rate equatons of
the EX /Yb" co-doped system. The output pow et band-
width and the mean wavelength of this source have been
measured and analyzed n detail M oreover emphases are
also gven on the mmpwving measures ofmeeting the crite-
ria of high power large bandw idh, and stablemeanwave
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length superfliorescent fber source
1 Theories

Using P (3 V) and Bss (z V) to represent the
fow ard and backward propagating signal powers respee
tvel, wherez is the distance beween hem easured pont
and the punp mnput end and V, & the signal frequency
the propagation equation of the superfliorescence pow ers

— . I
along the actwe fiber can be written as fo llow d 1

P (z V)
dz

DoV )[Ox (VN2 (2) = On(Y)N () [P (5 V)
(1)

The first ttrm at he right hand side n equation (1) is

= TV AL (V) 0y (VN2(2) £

he superfliorescence caused by spontaneous em ission
and the second is the superfluorescence caused by stimu-
lated em ission W here I'; (V) is power fillng factors of
sinal at frequency M, h is P lank’s constant ¢ is the speed
of lght i free space N1 (z) and N, (z) are the popula
ton densities of Er energy levels ! L, ! Lspn; and
05 (V) and 012 ( V) are emission and stmulated absorp-
ton cwoss sectbns of Er~ at frequency V, respectively

In fber gyroscopes the optical scale factor relates
he Sagnac phase shift 2% to the rotation rate Q by the

4TRL ©

20, = WQ (2)

where A, is he mean wavelength R and L are the gyro-

- [7]
equation

scope fiber coil rad us and length

Them ean wavelength of the SFS is achieved through
he folbw ng wo steps Firstly the spectrum emitted by
the SIS is measured w ith a spectrum analyzer hat d ivides
he spectmm nto asm any discrete poinis as possb le( for
exanple 500 ponts). Then the mean wavelengh can be

. . 12
calcu hted using the equatlon[ "

YP(N)e N

A a— (3)

2P (N

where P ( A;) is the output pover ntensity at the wave
length A,.

Another mportant characteristic of the SF'S 5 the e

m issbn bandw dth W.: the relatve mnlensiy noise N; of

he source induchg excess noise in gyroscope is inversely

proportional to the source integrated bandv idth' "', which
is defined as

[ Aovad
o {[2()\)(1)\

where P (\) is he power spectral density of the optical
field

(4)

2 Experim ental Setup

In this experment we choose the Ef" /YD co
doped double-cladding silica fber(model EY 805 m anu
factured n N ational Optics Institute Canada) as the ae-
tvemedia whid consists of a core cam position of 4 80 x
10” jons/m’ (mass fracton Q 60% ) Ef’, 3 73% 10"
ions/m3(mass fraction 4 83% ) YE*, 2 07 x 107 ions/
m3(mass fraction Q 11% ) Ge4+, and 4 55 x 10" ions/
m’ (mass fracton 10 60% ) P, etc The round fber
core has a dianeter and numerical aperture (NA) of
16Mm and Q 2Q respectvel. The hexagonal inner clad-
ding with a distance bew een parallelp lanes of 200Hm, is
coated by a bw-index silicone outer c¢ladd ng which pre-
vides aNA of Q 35 for the guided punp light The fber
has a punp absorption coefficent of 4 86dB/m @
976nm, w ith backgound loss< 18 2dB /kn @ 1100nm.

A doub le-pass fow ard pumped SFS scheme is adopt
ed asshovn nFig 1 L; is collinating lens M; is nput

fibertail

FAP-system
LD
L, Lz
coupling system
spectrometer powermeter

4

Fig | Experinental setups of he DPFP EX* Nb3* co-doped SFS

EY805DCF

dichroicm iror L, is focusing lens M, is output dichroic
m irror A lhough various other sngk-pass or double-pass
punping confiurations have been studied * "', the for
ward-pumped double-pass arrangement is preferred as the
deal choice taking nto accounts boh the systen can—
plexity and the conversbn efficiency. A coherent continu-
ous wave multinode sem iconductor laser (model FAP-
system) was used as the pump source deliverng a max+
mum output power of about 12W at roan tem perature
(20C). The emitted wavelength shifts fran 971m at
threshold to 976m at maxmum current and it can be
tuned (about Q 28m /C ) by adjustng the laser d bde
temperature For coup ling of the pump pover nto the n-
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ner cladding of the double cladd ng fber a fused silica
lens (L) with a focus length of 20mm is chosen to coll+
mate the punp beam, and a microscope objectve ( Lo:

20", Q 40VA ) to focus the punp light nio the fber
through an nputdichroic m iror (M), which has greater
han 99 63% reflection from 1535m to 1570nm and
grealer than 93 b
ranges The output bean fran the fiber end w as pocessed
wih a 45° dichroi m irror (M, ). The ouput SFS power

trangm issbn n the 970mm ~ 978 mm

and spectum were measured w ith a spectra-physics pow—
emeter (model 407A) and an anritsu optical spectrum
analyzer (modelMS9710B, 0. 6Mm ~ 1. 75Hm), respee
tvely.

Cam paring w ith other con fgurationg DPFP SFS runs
he risk of reflection fran the far end of the fber and las-
ng For preventng lasing the follow ng wo steps have
been taken Firstly sekcting the optmum fiber length and
punp power accordng to the fber paran eters descrbed
above to make sure that over 90% of the pump light
launched nto the fber has been absotbed In thi expert
men{ the best fiber length is fran 60an to 100an.
Secondly the output fber end was cleaved at an angle

(8°) 1o elin nate any back reflectbn and prevent lasing
3 Experim ental results

For the double-pass fow ard-pumped SFS abevé the
output powers are characterized by different valies of

punp power and fber length as shown n Fig 2 where
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Fig 2 Output pover of the SFS versus punp powver for different fber

lengths

the pump wavelength is 976nm and the operatng tem per
ature is 20C. Among the hree fber lengths of 60an,

100an, and 170an, the 60an-fiber has the best perbm-
ance 1 output SK'S powerwhile the 170an—fber is alvays
kept in nsufficient pumped state obvbusly For both the
60an—fber and 100an—fber the threshold of SFS & about
180mW, and the corresponding output power is 3 78mW
and 1 80mW, respectively W ith the increasing of the
punp pover SES powers of these three different fber

lengths go up accod ngly especially for the 60an—fber
and 100an-fiber The maxmum SFS output power of
9 18mW is achieved for he 60an-fiber with the pump
power of 505mW. The measured maximum punp power
Im itaton for the 0 an{fiber 100an—fber and 170 an-fber
is 506mW, 460mW and 958mW, respectwely which is the
threshod of hsing for each fber length The output power
spectra as a functon of the punp power for different fher
lengths are described in detaill n Fg 3 Fig 4 and Fig 5
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Fig 3 Output SFS spectrun of the 60 en—fber
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Fig 4 Output SFS gpectun of the 100 - fber
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Fig 5 Output SFS spectra of the 170an—{ber at diflerent pum p pow ers
The dependence of the output bandw tth upon punp
power as described by equation (4), is shown n Fig
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Fig 6 Bandwidth of the SFS versus pump power fr different fiber lengths
which is opposite to the output power versus he punp

power A monotonous decrease is man ifested w ith the -
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creasng of the punp power P, and the fiber lengh L
(For exanple for the 60an-fiber 58% decreasing fram
W.= 8L 28mm atP,= 180mW toW.= 33 95m atP,=
505mW ). When P, = 180mW and L = 60an, the W.
achieves its maxmun value of 81 28nm but the output
power is the lowest Therefore, can prom ise must be made
between the W. and the output power according to the
practical app lications

The mean wavelength is calculated fran the power
spectrum of the SFS output for various pump cond itions
using equaton (3). All spectrum measurements are per
bmed over a 100nm spectrun analyzer span ( fran

1500nm to 1600nm ), wih a Q Inm resolution Fig 7

shows mean wavelength A, versus pump power for the
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Fig 7 Mean wavekngh of the SFS versus punp pover for diferent fber
lengths

three different fiber Engths above For the 60an—{ber and
100an—fber superfluorescence occurs obviously when the
punp power reaches 18nW, while for the 17fi)er
the pump power is about 720mW. The canmon character
istic of he three fbers is hat the outputm ean w ave length
descends w ith the increasing of the pump pover Canpa
ring w ith the other wo fber lengths the 60an—fber has
he best perfomances for exanple the mean wavelength
ismuch near to 1550mm and varbton versus the punp
power ismuch snoother For he 60an—fber the variation
1 dh
M P,
han 7 16 x 10°° /mW. W hen the fber length ncreases

his variation shows a trend of moving up However if the

of mean wavelength versus pump power is less

punp power is controlled n a specific range stab ilization
of themean wave length can also be kept in the magniude
of 10°° /mW.

Another characteristic can be seen fran Fig 7 is that
he m ean wavelength moves to longer wavelength while
he fber length ncreases which can be explaned by the
difference between the absopton and em issbn cross see-

tons of he fiber 0,; (A) and O.;( A;). Table 1 shows

Table 1

Emission cross-sectins and absompton crosssections of

Er* N B* fber

ASE cross section 0. ,/10" ¥m? 0, /10 Bm?

1520 2515 3 580
1525 3. 780 4 800
1530 5. 480 6 300
1535 4. 730 3 500
1540 3. 420 3 680
1545 3. 410 3 150
1550 3.395 2 750
1555 3. 070 2 330
1560 2. 630 1 970
1565 2. 070 1 440
1570 1. 560 1 000

the varatbns of the absompton and en ksion cross-see
tons versus the wavelength A. These o cross sections
reach theirmaxinum values at 1530m. For a short length
fber it achieved sufficient pump and preserves a state of
laige gans Because the an ission cross sections of shorter
wavelenghs are biger than those of the longer wave
lengths em issons at the shorter wavelengths keep dom+
nant and the mean wavelength moves to the shorter d iree-
ton The ncreasing of the fiber length resulis in the insuf
ficient punp of fiber As seen fum table 1 that the
em ission cross sectbns are biger than the absorption
cross sections at bnger wavelengths en issions at bnger
wavelengths are predan nant and the m ean wavelength
shifts to the longer directon by ncreasing the fiber length

while cam parative decreasng the pump power
4 Conclusions

In this paper an excellentEX" /Yb™ co-doped su-
perfiorescent fber source operated n a doublepass for
ward pumping configuratbn has been demonstrated The
nflences of the systen parameters on the SFS output
power bandw dth and mean wavelength stability have
been analyzed n detail By canparison of the three d iffer
ent fiber lengths it & shown that the optinum Ength for
this fber is beween 60an and 100an. For the 60an fber
length, amaxmum output power of @ 18mW and a band-
width of 34nm are acheved By decreasing the output
power to about 3 78mW, amaxmum bandw dth of more
than 80mnm can be acqu ired

Furher optin ization of the Ei" /Yb' co-doped

(T4 % 1547 )
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