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Abstract

We experimentally investigate the static and dynamic properties of all-optical gain-clamped wideband (1530–1600

nm) serial erbium-doped fiber amplifier with a single ring-shaped laser, which consists of a circulator and a fiber Bragg

grating at the output end. The lasing light passing through the second stage is intentionally blocked at the output end by

a C/L-band wavelength division multiplexer owning the huge insertion loss, and thus, the copropagating ring-laser light

is formed by the first stage. This design can simultaneously clamp the gains of 1547 and 1584 nm probes near 14 dB and

shows the same dynamic range of input power up to )4 dBm for conventional band and long-wavelength band.

Furthermore, the transient responses of 1551 and 1596 nm surviving channels exhibit small power excursions (<0.54

dB) as the total saturating tone with )2 dBm is modulated on and off at 270 Hz.

� 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Erbium-doped fiber amplifiers (EDFAs) are

widely used in the wavelength division multiplex-
ing (WDM) networks, due to the high gain, wide

gain bandwidth and the insensitivity to polariza-

tion. However, adding/dropping randomly WDM
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channels causes the harmful power transients and

gain variations due to the cross-gain saturation

effect. To stabilize the EDFA behavior, the optical

gain-clamped (GC) technique, using an optical
feedback loop, or a fiber Bragg grating (FBG)

cavity has successfully demonstrated [1,2]. The

gain-controlled principle is that the laser light at a

certain wavelength fixes the population inversion

at a low level and clamps the gain at all wave-

lengths in a homogeneous broadening medium [3].

Many conventional band (C-band: 1530–1560

nm) and long-wavelength band (L-band: 1570–
1600 nm) EDFAs with optical gain-clamped
ed.
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architectures have been extensively reported [4–9].

Recently, an optical gain-clamped wideband

(C+L-band: 1530–1600 nm) EDFA is proposed

by Hsu et al. [10]. The novelty is that they attempt

to solely apply an optical feedback loop in the

parallel EDFA configuration. Unfortunately, the
simple design does not exhibit the acceptable gain-

clamping due to the correlation between the lasing

power, C-band and L-band input powers. In this

paper, we propose a novel and simple gain-

clamped wideband serial EDFA employing the

single ring-shaped laser, which comprises a circu-

lator and a FBG at the output. The optical gain

and noise figure characteristics in terms of FBG
wavelengths are examined. It is demonstrated ex-

perimentally that the dynamic ranges of input

power for C-band and L-band signals are identical

by using a FBG at a certain wavelength. Fur-

thermore, the study on the transient effect confirms

the small power excursion even though the total

input power with )2 dBm is modulated on and off

at 270 Hz.
2. Experimental setup

The schematic diagram of the proposed all-op-

tical gain-clamped wideband EDFA was shown in
Fig. 1. Configurations of the proposed gain-clamped
Fig. 1. The configuration contained a conventional

serial EDFA comprising two amplification stages

and a copropagating ring-shaped laser loop. Al-

though the first stage behaved as a C-band EDFA,

the L-band signals were still amplified. A 978-nm

laser diode with 85 mW was used as a pump for
the EDF of 10.5 m length to obtain a high popu-

lation inversion, and thus, reduced the noise figure.

As for the second stage, L-band signals were am-

plified only. We used a 1480-nm laser diodes with

75 mW to pump a section of EDF with 76 m in

order to raise the conversion efficiency. Between

the two stages, the first C/L-band WDM was used

to separate the C-band and L-band signals. The
separated signals were combined with the second

C/L-band WDM, placed at the output of the sec-

ond stage.

The ring-shaped laser loop to control the gain

variations was built via a 90/10 coupler, a circu-

lator and a FBG, which are sited at the input and

output ends of the whole system, respectively.

FBG-1 at 1565.8 nm and FRG-2 at 1566.5 nm
were used in turn. The reflectivity of FBGs is

above 99.9%. Fig. 2 depicted the characteristics of

the first C/L-band WDM. In the experiment, the

laser wavelength was located at the dead zone

(about 1565–1569 nm) of first C/L-band WDM,

i.e., one part of laser light immediately transmitted
wideband EDFA with the ring-shaped laser.



Fig. 2. Characteristics of the first C/L-band WDM.
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forward to the output end and the other met the
second stage. It is worth mentioning that the ring-

shaped laser light was achieved solely by the first

stage because the laser light at the output end of

the second stage was blocked due to the serious

insertion loss (>30 dB) between L-port and com-

mon port of the second C/L-band WDM. The

purpose of this design was to reduce the correla-
Fig. 3. C-probe gains and lasing powers at point A against C-band in

dBm.
tion between the lasing power and the L-band in-
put power.

The performances of the proposed gain-

clamped amplifier were evaluated by the probe and

saturating tone (sat. tone) technique. The C-probe

and L-probe with )25 dBm and the C- and L-sat.

tones were set at 1547, 1584, 1543 and 1588 nm,

respectively. The optical gain and noise figure
put powers for FBG-1 and FBG-2 as L-sat. tone is fixed at )4
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characteristics were measured by using time do-

main extinction method with Anritsu optical

modulator and OSA. The transient behaviors were

examined through a high-speed photo-detector

with 1 GHz bandwidth.
(a)

(b)

Fig. 4. Optical gain spectra of (a) 1547 nm and (b) 1584 nm as

a function of the C-band and L-band input powers for the

un-clamped amplifier.
3. Experimental results and discussion

Fig. 3 shows the C-probe gains and lasing

powers at point A with C-band input powers for

FBG-1 and FBG-2, respectively. Three useful

messages are obtained: (1) No matter FBG-1 or

FBG-2 is used, the C-probe gains are well con-
trolled and the lasing powers almost keep con-

stant. In fact, the L-probe gains in the first stage

are also clamped at 3.5 dB (not shown in Fig. 3).

(2) The clamped C-probe gains and lasing powers

at point A increase as FBG-1 is replaced by FBG-

2. This is because the insertion loss between

common port and C-port in first C/L-band WDM

increase with the longer wavelength, whereas the
insertion loss between common port and L-port

decrease. (3) The second stage is operated in the

saturation region due to the high lasing power at

point A. It is easily understood that the gain-

clamping in the second stage is achieved as the

amplified L-band signal power is significantly

smaller than the lasing power at point A. Conse-

quently, we predict that the amplifier with FBG-2
owns larger L-band power dynamic range, as

compared with the FBG-1 case. The detailed re-

sults will be described in the following.

The gain characteristics at 1547 and 1584 nm

for various C-band and L-band input powers of

the un-clamped amplifier (with an open feedback

loop) are shown in Figs. 4(a) and (b), respectively.

Due to the short EDF length in first stage, the C-
probe gain spectra show relatively irrelevance to

L-band input powers as compared with L-probe

gain spectra against C-band input powers.

Figs. 5(a) and (b) illustrate the optical gains of C-

probe and L-probe, respectively, for the proposed

amplifier with FBG-1 at 1565.8 nm. The amplifier

exhibits good C-probe gain-clamped performance

within 0.64 dB variation for the measured input
power range, i.e., the C-band and L-band input

powers are up to )2 dBm. However, the gain-
clamped variation of L-probe will exceed in 1 dB as
theC-bandandL-band input powers are larger than

)7dBm.This isbecause the lasingpoweratpointAis

not enough high (around 1.5 dBm). Apparently,

there are different power dynamic ranges forC-band

and L-band signals. In order to overcome this

problem, FBG-2 at 1566.5 nm is used to obtain

higher lasing power at point A instead of FBG-1

(see Fig. 3). In our experiment, the insertion losses
for common port to C-port and L-port of first

C/L-bandWDM are 1.3, 16.1 dB and 2, 9.1 dB cor-

responding to FBG-1 and FBG-2, respectively.

Therefore, although the ring-shaped lasing power

becomes smaller for the FBG-2 case, the lasing

power at point A increases instead. The C-band

power dynamic range is suppressed to )4 dBm, as



(a)

(b)

Fig. 5. Optical gain spectra of (a) 1547 nm and (b) 1584 nm as

a function of the C-band and L-band input powers for the

proposed amplifier with FBG-1.

(a)

(b)

Fig. 6. Optical gain spectra of (a) 1547 nm and (b) 1584 nm as

a function of the C-band and L-band input powers for the

proposed amplifier with FBG-2.
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shown in Fig. 6(a). The gain spectra at 1547 nm are

within 14.3� 0.5 dB. For L-band operation, as ex-

pected, thisdesign raises thepowerdynamic range to
)4dBmandoffers theL-probegainwithin14.1� 0.5

dB,as shown inFig. 6(b).Tosumup, theC-bandand

L-band power dynamic ranges are adjusted to the

same and the C-band and L-band output powers

are approximately the same, which result from the

use of FBG-2 in the proposed amplifier. Figs. 7(a)

and (b) show the noise figure characteristics corre-

sponding to Figs. 6(a) and (b), respectively. The
noise performances of C-probe and L-probe are

less than 5.4 and 6.7 dB, respectively.

Besides measuring the static properties of the

proposed amplifier, dynamic gain (power) excur-

sions of surviving channels are also investigated. A
tunable bandpass filter (TBF), a high-speed photo-
detector and a oscilloscope are connected with the

FBG output. Here, the probes (surviving channels)

are changed to 1551 and 1596 nm at )20 dBm for

increasing the ratio of the probe to the sat. tone at

the output end. The C- and L-sat. tones with )5,
)8 and )11 dBm, are modulated on and off at 270

Hz to simulate the adding/dropping channels. The

transient behaviors of 1551 and 1596 nm are
shown in Figs. 8(a) and (b). Because the laser

wavelength at 1566.5 nm is not close to the spec-

tral band occupied by signal wavelengths, the

static power excursions are dominant which result

from the spectral hole burning (SHB), i.e., inho-

mogeneity of the erbium gain medium [11–13].

Moreover, the effect can be reduced by decreasing



(a)

(b)

Fig. 7. Noise figure spectra of (a) 1547 nm and (b) 1584 nm as a

function of the C-band and L-band input powers for the pro-

posed amplifier with FBG-2.

(b)

(a)

Fig. 8. Transient responses of (a) C- and (b) L-surviving

channel output powers to adding/dropping C- and L-sat. tones

with )5, )8 and )11 dBm.
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total input powers, which causes the increase of

lasing power. The drawback of this way is to

sacrifice the available power dynamic range [14].
4. Conclusion

We have presented the static and dynamic per-

formances of all-optical gain-clamped wideband

serial EDFA with a ring-shaped laser, consisting

of a circulator and a FBG at the output. The ring-

shaped laser purposely designed is generated from

the first stage to reduce the correlation between

lasing power and L-band input power. The origi-
nality of this technique is that a sole optical feed-
back loop is applied to clamp the C-band and
L-band gain characteristics simultaneously. The

C-band and L-band power dynamic ranges are

dependent upon the laser wavelength determined

by FBG. It is experimentally demonstrated that

choosing an appropriate FBG results in the same

C-band and L-band power dynamic range. Ac-

cording to the static gain measurements, the dy-

namic range is up to )4 dBm within �0.5 dB gain
fluctuation as FBG-2 at 1566.5 nm is used. The

transient behavior observations show that the

power excursions of surviving channels are within

0.54 dB as total sat. tone (C-sat. tone plus L-sat.

tone) with )2 dBm is modulated on and off at 270

Hz. Also, the power excursions can be suppressed

at the expenses of the available dynamic ranges.



Y.-H. Lu, S. Chi / Optics Communications 229 (2004) 317–323 323
Acknowledgements

This work was supported by the Academic ex-

cellence program of ROC Ministry of Education

under Contract 92-E-FA06-1-4-92X023.
References

[1] H. Okamura, IEEE. Lightwave Technol. 10 (1992) 1110.

[2] J.F. Massicott, S.D. Willson, R. Wyatt, J.R. Armitage, R.

Kashyap, D. Williams, R.A. Lobbett, Electron. Lett. 30

(1994) 962.

[3] C.R. Giles, E. Desurvire, IEEE. Lightwave Technol. 9

(1991) 271.

[4] M. Cai, X. Liu, J. Cui, P. Tang, J. Peng, IEEE Photon.

Technol. Lett. 9 (1997) 1093.

[5] K. Inoue, IEEE Photon. Technol. Lett. 11 (1999) 533.
[6] T. Subramaniam, M.A. Mahdi, P. Poopslsn, S.W.

Harun, H. Ahmad, IEEE Photon. Technol. Lett. 13

(2001) 785.

[7] M.A. Mahdi, H. Ahmad, IEEE J. Sel. Top. Quant.

Electron. 7 (2001) 59.

[8] S. Hsu, T.C. Liang, Y.K. Chen, Opt. Commun. 196 (2001)

149.

[9] B. Xia, L.R. Chen, Opt. Commun. 206 (2002) 301.

[10] S. Hsu, L.H. Su, Y.K. Chen, Opt. Commun. 205 (2002)

293.

[11] D.H. Richards, J.L. Jackel, M.A. Ali, IEEE J. Sel. Top.

Quant. Electron. 3 (1997) 1027.

[12] G. Luo, J.L. Zyskind, Y. Sun, A.K. Srivastava, J.W.

Sulhoff, C. Wolf, M.A. Ali, IEEE Photon. Technol. Lett. 9

(1997) 1346.

[13] G. Luo, J.L. Zyskind, J.A. Nagel, M.A. Ali, IEEE.

Lightwave Technol. 16 (1998) 527.

[14] J. Chung, S.Y. Kim, C.J. Chae, Electron. Lett. 32 (1996)

2159.


	All-optical gain-clamped wideband serial EDFA with ring-shaped laser
	Introduction
	Experimental setup
	Experimental results and discussion
	Conclusion
	Acknowledgements
	References


