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Abstract 
   

In this study, designed and optimized C and L band Erbium 
Doped Fiber Amplifiers (EDFA) around 70 nm bandwidth, 
36.53 dB average gain with an average noise figure of 5.8 dB 
properties are used. For this purpose, 16 channels 
Wavelength Division Multiplexed (WDM) system with 
channel spacing of 5.3 nm is taken into account. -30 dBm 
powers at the input signals (1530 nm- 1610 nm) are applied 
to three port filter and then input signals are separated into 
C and L bands. Each band signals are separately amplified 
in double pass configuration. Finally, all signals are 
combined into a coupler and the overall configuration has 
wide bandwidth, high gain and low noise.  

  
1. Introduction 

  
Nowadays, fiber optic components are frequently used in 

communication systems. These systems have many properties 
such as high capacity, wide bandwidth, and fast transmission. 
However, due to the attenuation of the fiber cable in the 
transmission line with a length of 100 km, optical repeater must 
be used in such kind of systems. EDFAs are the most commonly 
used popular optical repeaters because of its attractive properties 
such as simple, compact structure, high gain, and low noise 
figure. They are generally used in C band (1530-1565 nm) but 
with the increasing demand, it can also be used in L band (1570-
1610 nm) region. Therefore, longer transmission lines are 
necessary in the ultra-long fiber optic communication. Hence, 
high optical gain, low noise figure, and wide bandwidth are 
desired for such kind of systems.   

In literature, there are many studies implemented about 
EDFA applications and optical gain which is one of the most 
important characteristic quantities [1-23]. These are single pass 
EDFA [24-26], double pass EDFA [27-31], many pass EDFA 
configurations [32-34], artificial intelligence applications [35-
38], and temperature characterization [39-43]. In addition, some 
studies are related to both gain improvement and noise figure in 
double pass EDFA [44-52]. Yucel et. al. proposed a new and 
simple C band double pass technique in studies [53-54], Liang 
et. al. obtained a high clamped gain and low noise figure 
implemented using a fiber Bragg grating in L band EDFA [55]. 
Chang et. al. proposed a dual pumped double-pass L-Band 
EDFA with high gain and low noise figure [56]. Yi et. al. 
improved the gain and noise figure in double-pass L-band 

EDFA by incorporating a fiber Bragg grating [57]. Zhang et. al. 
developed the noise figure with a double-pass EDFA by using a 
Hi-Bi fiber loop mirror as ASE rejecter [58]. Harun et. al. 
proposed an efficient and low noise double-pass L-Band EDFA 
in their studies [59-61].   

In this study, the gain and noise figure of both C and L bands 
double pass EDFA configuration is improved and simulated by  
OptiAmplifier 4.0 software. As a result of it, high gain, low 
noise figure and wide bandwidth are obtained. In addition, this 
configuration can be applied to practical applications. 

  
2. Simulation Setup 

  
A conventional and new double pass C+L band EDFA 

configuration schemes are respectively shown in Figure 1 (a) 
and (b).  

 
(a) 

 
(b) 
  

Fig. 1. C+L band EDFA configurations, (a) conventional, (b) 
new configuration.  

In Figure 1 (a), conventional C+L band double-pass scheme 
has two optical circulators (OC) which have 3 ports in each arm 
(C and L band). Optical circulator is located at end of 3 port 
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filter in this configuration. The input signals are applied into a 
multiple laser source (MLS) and passing through port 1 to port 2 
of optical isolator which blocks back reflections, then the input 
signal applied to 3-port filter and finally C and L band signals 
are separated. C band signals  passing through port 1 to port 2 of 
OC1 are combined with the pump signal through a  pump 
coupler, and then, these signals are entered as inputs of the C 
band EDF which has the properties given in Table 1. The 
amplified signals are reflected by the faraday mirror that is 
located at the output end of the C band EDF.  100% reflected 
signals enter into C band EDF again. Following the same 
procedure, all signals return to port 2 of OC1 and then passing 
port 2 to port 3 by reaching to optical spectrum analyzer (OSA). 
The same process is performed in the same way in the other 
arm. L-band EDF characteristics are also given in Table 1. 
Pump laser used has 1480 nm wavelength and 100 mW power in 
all the configurations. 

Proposed C+L band double pass EDFA configurations are 
shown in Figure 1 (b). This configuration is different from the 
conventional configuration via its short length EDF of the output 
return loop of optical circulators (OC2 and OC4). In addition to 
that, all materials and the parameters are the same as in 
Figure 1 (a). EDF characteristics are given in Table 1.  

 
Table 1. All EDF properties. 

  
Parameters C band EDF L band EDF EDF 
Fiber length 9.5 m  60 m  3 m  
Erbium concentration 227 ppm 300 ppm 466 ppm 
Erbium radius 1.68 μm 1μm 1μm 
Core radius 1.77 μm 1μm 1μm 
Numerical aperture 0.19 0.31 0.31 
Life time 10 ms 10 ms 10 ms 

  
3. Results and Discussions 

  
Figure 2 shows that the optical gain spectrum of the two 

configurations for the   -30 dBm of 1530-1610 nm input signals, 
in which the solid and dashed lines represent the gain spectrum 
in the conventional and proposed double pass EDFA 
configurations, respectively.  

The gain along C+L band nm is averagely enhanced by 14 
dB in comparison with that in conventional double pass 
configuration. This enhancement varies between 4 to 25 dB. In 
addition, the gain spectrum of the proposed scheme is flattened; 
however, the gain spectrum of the conventional model is not 
flat. In the simulation, the results for all configurations are 
measured at the same operating conditions such as EDF lengths, 
pump powers, pump wavelengths, input signal powers and 
wavelengths.  
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Fig. 2. The comparison of the gain spectrum of both 
configurations.   

 
Figure 3 shows the noise figure spectrum of the two 

configurations for the same input signals, in which the solid and 
dashed lines represent the noise figure spectrum in the 
conventional and proposed double pass EDFA configurations. 
The conventional double pass EDFA configuration amplifies the 
signal; however, the background amplified spontaneous 
emission (ASE) is too strong because of the increased noise 
figure. As it can be seen in Figure 3, the traditional system, 
noise figure has been considerably higher in particular L-band. 
In contrast, the proposed system has an average of 5.8 dB noise 
figure for both C+L bands. The proposed system is better than 
the traditional system along all wavelengths.  
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Fig. 3. The comparison of the noise figure spectrum of both 
configurations.   

 
The noise figure of the C+L band signals are reduced 

because of the output loop in OC2 (for C band arm) and OC4 
(for L band arm). The amplified ASE signals in the C band and 
L band EDF are attenuated in EDFs for each arm. Thus, it is 
useful to achieve a low noise figure in proposed configuration as 
well as high gain. The noise figure is calculated by the below 
formula [54];    
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where G is the gain of EDFA , PASE is ASE power, h is Plank 
constant, v  is signal frequency and, vΔ is the frequency 
bandwidth. However, ASE power must be defined for both 
forward ( +

ASEP ) and reverse direction ( −
ASEP ) for the traditional 

double pass EDFA and total ASE power is [54, 62]: 
 
   −+ += ASEASEASE PPP     (2) 
 

In the proposed system, depending upon the lengths of the fibers 
obtained from the first pass of the signal, the gain of the 
amplifier is [43, 54, 61-64]:  
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where, 

)f(G  is forward gain, 
)f(sP , pP   are signal and pump 

power at the forward direction, respectively. sα  is absorption of 

the signal, 1L , 2L  are the lengths of C or L band EDF and 
second EDFs, respectively, sν  and 

pν   are the signal and pump 

frequencies.  IS
sP  is the intrinsic saturation power of the signal. 

In the proposed system, the EDFs loop mirror is used as the 
reverse direction ASE power rejecter.  
 

4. Conclusion 
  

In this study, the proposed double pass C+L bands EDFA 
combining with an EDF in the output loop of the second 
circulator for each arm has been analyzed. With this 
configuration, the double pass EDFA gain is increased and noise 
figure is reduced. 4.15-25.29 dB gain improvement is obtained 
for C+L band signals with an input power of -30 dBm, and the 
decrease in noise figure is between 4.66-27.76 dB for the same 
band. For the viewpoint of economical usage of pump power 
and short EDF lengths of the first and second section, the 
proposed system may play an important role in the development 
of practical C+L band double pass EDFAs. 
  

7. References 
  

[1] F.V. Celebi, M. Yucel, S. Yi it, “Optical gain modelling in 
type I and type II quantum cascade lasers by using adaptive 
neuro-fuzzy inference system”, 20th Signal Processing and 
Communications Applications Conference, Mu�la, 2012, 
art. no. 6204451, 2012. 

[2] S. Yi it, R. Eryi it, F.V. Celebi, “Optical gain model 
proposed with the use of artificial neural networks 
optimised by artificial bee colony algorithm”, 
Optoelectronics and Advanced Materials, Rapid Comm., 
vol. 5, no. 9, pp. 1026-1029, 2011.  

[3] F.V. Celebi, T. Alt�nda�, “An accurate optical gain model 
using adaptive neurofuzzy inference system”, 
Optoelectronics and Advanced Materials, Rapid Comm.,  
vol. 3, no. 10, pp. 975-977, 2009.  

[4] F.V. Celebi, I. Dalkiran, K. Danisman, “Injection level 
dependence of the gain, refractive index variation, and 

alpha (�) parameter in broad-area InGaAs deep quantum-
well lasers”, Optik, vol. 117, no. 11, pp. 511-515, 2006.  

[5] F.V. Celebi, M. Yucel, H.H. Goktas, “Intelligent modelling 
of alpha (�) parameter; comparison of ANN and ANFIS 
cases”, Optoelectronics and Advanced Materials, Rapid 
Comm.,  vol. 7, no. 5-6, pp. 470-474, 2013.  

[6] F.V. Celebi, “A different approach to gain computation in 
laser diodes with respect to different number of quantum-
wells”, Optik, vol. 116, no. 8, pp. 375-378, 2005. 

[7] F.V. Celebi, “Modeling of the linewidth enhancement 
factors of the narrow and wide GaAs well semiconductor 
lasers”, J. Fac. Eng. Archit. Gazi Univ., vol. 21, no. 1, pp.  
161–166, 2006. 

[8] F.V. Celebi, “A proposed CAD model based on amplified 
spontaneous emission spectroscopy”, J Optoelectronics and 
Advanced Materials, vol. 7, no. 3, pp. 1573-1579, 2005. 

[9] Tankiz, S., Çelebi, F.V., Yildirim, R. “Computer-aided 
design model for a quantum-cascade laser”, IET Circuits, 
Devices and Systems, vol. 5, no. 2 , pp. 143-147, 2011. 

[10] S. Yigit, B. Tugrul, F.V. Celebi, “A complete CAD model 
for type-I quantum cascade lasers with the use of artificial 
bee colony algorithm”, Journal of Artificial Intelligence, 
vol. 5, no. 2, pp. 76-84, 2012. 

[11] F.V. Celebi, R. Y�ld�r�m, “The computation of the angle 
between the gain and photon population by geometrical 
approach”, J. Fac. Eng. Archit. Gazi Univ., vol. 24, no. 4, 
pp. 709-714, 2009. 

[12] F.V. Celebi, K. Danisman, “A multi-layer perseptron 
network model for a quantum-well laser diode”, 
International Conference on Computing and Informatics, 
Kuala Lumpur, ICOCI '06 , 2006, art. no. 5276510. 

[13] F.V. Celebi, R. Y�ld�r�m, “Distortion system theory of the 
two tone small signal input laser diode”, J. Fac. Eng. Archit. 
Gazi Univ., vol. 20, no. 3, pp. 373-377, 2005. 

[14] F.V. Celebi, K. Danisman, R. Y�ld�r�m, “Neural 
computation of alpha parameter with the use of differential 
gain, wavelength and number of quantum-wells”,  
Proceedings of SPIE - The International Society for Optical 
Engineering 5277 , pp. 346-349, 2004. 

[15] S. Sagiroglu,  F.V. Celebi, K. Danisman, “Modelling of the 
linewidth enhancement factor with the use of radial basis 
function network”, AEU-Archiv fur Elektronik und 
Ubertragungstechnik, vol. 56, no. 1, pp. 51-54, 2002. 

[16] F.V. Celebi, R. Y�ld�r�m, “Harmonic amplitude control in 
laser diodes with non-linear feedback”,  J. Fac. Eng. Archit. 
Gazi Univ., vol. 25, no. 1, pp.  163–170, 2010. 

[17] R. Y�ld�r�m, F.V. Celebi, “Optical power distribution and 
phase variation in external-cavity laser diodes”, 
Proceedings of SPIE - The International Society for Optical 
Engineering, vol. 4913, pp. 141-144, 2002. 

[18] F.V. Celebi, K. Danisman, R. Y�ld�r�m, “Determination of 
amplitude-phase relationship in laser diodes using linear 
system approximation”, Proceedings of SPIE - The 
International Society for Optical Engineering, vol. 3940, pp. 
200-204, 2000. 

[19] K. Danisman, A. Ozeka, R. Y�ld�r�m, F.V. Celebi, “Static 
and dynamic behaviour of the three cavity semiconductor 
laser diodes and oscillation frequency shift suppression”, 
Proceedings of SPIE - The International Society for Optical 
Engineering, vol. 3491, pp. 169-174, 1998. 

[20] N. Celebi, “A complete type II quantum cascade laser 
model with the use of RBFN”, Optoelectronics and 
Advanced Materials, Rapid Comm.,  vol. 7, no. 3-4, pp. 
188-190, 2013.  

601



[21] N. Celebi, “An accurate single CAD model based on radial 
basis function network”, Optoelectronics and Advanced 
Materials, Rapid Comm.,  vol. 4, no. 4, pp. 498-501, 2010.  

[22] F.V. Celebi, S. Tank�z, R. Y�ld�r�m, L. Gökrem, “Modeling 
quantum cascade lasers by multilayer perceptrons”, 
International Conference on Application of Information and 
Communication Technologies, AICT 2009, Baku, 
Azerbaijan, 14 October 2009. 

[23] F.V. Celebi, T. Altindag, R. Y�ld�r�m, L. Gökrem, 
“Semiconductor laser modeling with ANFIS”, International 
Conference on Application of Information and 
Communication Technologies, AICT 2009, Baku, 
Azerbaijan, 14 October 2009. 

[24] M. Yucel, H.H. Goktas, “C band erbium doped fiber 
amplifier as a flat gain optical amplifier”, IEEE 16th Signal 
Processing, Communication and Applications Conference, 
Ayd�n, 2008, art. no. 4632737. 

[25] M. Yucel, H.H. Goktas, Gain flattening configurations at 
the L band erbium doped fiber amplifiers, IEEE 15th Signal 
Processing and Communications Applications, Eski�ehir, 
2007, art. no. 4298815.  

[26] M. Yucel, H.H. Goktas, “Design of gain flattened ultra-
wide band hybrid optical amplifier”, J. Fac. Eng. Archit. 
Gazi Univ., vol. 22, no. 4, pp.  863–868, 2007. 

[27] A.W.  Naji, M.S.Z. Abidin, M.H. Al-Mansoori, A.R. Faidz, 
M.A. Mahdi, “Experimental Investigation Of Noise In 
Double-Pass Erbium-Doped Fiber Amplifiers”, Laser 
Physics Lett.,  vol. 4, no. 2, pp.  145-148, 2007. 

[28] M. Z. Jamaludin, M. K. Abdullah, F. Abdullah, A.F. Abas, 
M.A.  Mahdi, F. Rahman, “A Hybrid High-Gain Double-
Pass Erbium-Doped Fiber Amplifier with Dispersion 
Compensation Feedback Loop”, Optics and Laser Technol., 
vol. 40, no. 2,  pp. 270-272, 2008.  

[29] S.W. Harun, N.M. Samsuri, H. Ahmad, “Gain-Clamping 
Techniques in Two-Stage Double-Pass L-Band EDFA”, 
Pramana-Journal of Physics, vol. 66, no. 3,  pp. 539-545, 
2006.   

[30] N.M. Samsuri, S.W. Harun, H. Ahmad, “Comparison of 
Performances Between Partial Double pass and full double-
pass systems in Two-Stage L-Band EDFA”, Laser Physics 
Lett., vol. 1, no. 12,  pp. 610-612, 2004.  

[31] S.P. Singh, R. Gangwar, R. Tripathi, N. Singh, “Gain 
Optimization Of A Two-Stage L-Band Erbium-Doped 
Fiber Amplifier In Double-Pass Configuration”, Optoelect  
and Adv Mater – Rap Com., vol. 3, no. 7, pp. 641-643, 
2009. 

[32] M. Yucel, H.H. Goktas, G. Akkaya, “Optimization of the 
three stages L band EDFA”, 20th Signal Processing and 
Communications Applications Conference, Mu�la, 2012, 
art. no. 6204451, 2012. 

[33] Su, C. F. , Wang, L., “Gain Enhancement of L-Band EDFA 
by Using Residual Pump Power in A Three-Stage 
Configuration” , Optics Comm., vol. 280, pp. 412-416, 
2007. 

[34] Qin, S., He, J., Zou, Y., Qiang, Z., “An Improved 3-Stage 
L-Band Erbium Doped Fiber Amplifier”, Communications 
and Photonics Conference and Exhibition (ACP), Shanghai , 
2010, pp.15-16. 

[35] M. Yucel, “Fuzzy logic-based automatic gain controller for 
EDFA”, Microwave and Opt Technol Lett., vol. 53 no. 11 , 
pp. 2703-2705, 2011. 

[36] M. Yucel, H.H. Goktas, “A fuzzy logic based device for the 
determination of temperature dependence of EDFAs, 

Microwave Opt Technol Lett., vol. 50, no. 9, pp. 2331–
2334, 2008.  

[37] M. Yucel, F.V. Celebi, H.H. Goktas, “Simple and efficient 
ANN model proposed for the temperature dependence of 
EDFA gain based on experimental results”, Opt. Laser 
Technol., vol. 45, pp. 488-494, 2013. 

[38] F.V. Celebi, M. Yucel, H.H. Goktas, “Fuzzy logic based 
device to implement a single CAD model for a laser diode 
based on characteristic quantities”, Optik, vol. 123, no. 6, 
pp. 471-474, 2012.  

[39] M. Yucel, F.V. Celebi, H.H. Goktas, “Temperature 
independent length optimization of L-band EDFAs 
providing flat gain”, Optik, vol. 122, no. 10, pp. 872-876 
2011.  

[40] M. Yucel, H.H. Goktas, O. Ozkaraca, “Temperature 
dependence of noise figure in the erbium doped fiber 
amplifier”, J. Fac. Eng. Archit. Gazi Univ., vol. 25, no. 3, 
pp. 635–641, 2010. 

[41] M. Yucel, H.H. Goktas, “Determination of minimum 
temperature coefficient of C band EDFA”, J of Applied 
Sciences, vol.  8, no. 23, pp. 4464-4467, 2008.  

[42] M. Yucel, H.H. Goktas, F.V. Celebi, “The effect of pump 
laser wavelength change on the temperature dependence of 
EDFA”, IEEE 19th Signal Processing and Communications 
Applications Conference, Antalya, 2011, art. no. 5929632, 
pp. 238-241. 

[43] M. Yucel, H.H. Goktas, “Examination of Temperature 
Dependence of Double Pass L Band Erbium Doped Fiber 
Amplifier”, J. Fac. Eng. Archit. Gazi Univ., vol. 27, no. 2, 
pp. 237-243, 2012. 

[44] B. Bouzid, M.K. Abdullah, M.A. Mahdi, “High-Gain 
Erbium-Doped Fiber Amplifier Incorporating a Double-
Pass Amplification Technique as a Preamplifier”, Laser 
Physics, vol. 18, no. 4,  460-463, 2008.  

[45] A.W. Naji, M.S.Z. Abidin, M.H. Al-Mansoori, A.R. Faidz, 
M.A. Mahdi, “Experimental Investigation of noise in 
Double-Pass Erbium-Doped Fiber Amplifiers”, Laser 
Physics Lett., vol. 4, no. 2, pp. 145-148, 2007. 

[46] H. Zhang, L. Yu, Y. Liu, C. Wang, L. Liu, L. Xiong, S. 
Yuan, X. Dong, “A novel method to improve noise figure 
for double-pass L-band EDFA”, Proc. of SPIE - 
Bellingham, WA, 5623, 2005, pp.799-802. 

[47] S.W. Harun, P. Poopalan, H. Ahmad, “Double pass L-band 
erbium-doped fiber amplifier with enhanced gain 
characteristics”, Indian Journal of Physics, vol. 77B, no. 4,  
pp. 435-437,  2003. 

[48] S.W. Harun, H. Ahmad, “Gain and Noise Figure 
Improvements in Double-Pass S-Band EDFA”, Optics and 
Laser Technol., vol. 39, no. 5, pp. 935-938, 2007. 

[49] Ji, J.H., Zhan, L., Yi, L.L., Tang. C.C., Ye. Q.H., Xia. Y.X., 
“Low Noise-Figure Gain-Clamped L-Band Double-Pass 
Erbium-Doped Fiber Ring Lasing Amplifier with an 
Intereaver”, J of Lightwave Technol., vol. 23, no. 3, pp. 
1375-1379, 2005.   

[50] S.W. Harun, N.M. Samsuri, H. Ahmad, “Gain 
Enhancement in Partial Double-Pass L-Band EDFA System 
Using a Band-Pass Filter”, Laser Physics Lett., vol. 2, no. 1, 
pp. 36-38, 2005. 

[51] C.M. Hung, N.K. Chen, Y. Lai, S. Chi, “Double-Pass High-
Gain Low-Noise EDFA Over S- And C+L -Bands By 
Tunable Fundamental-Mode Leakage Loss”, Optics 
Express, vol. 15, no. 4, pp.  1454-1460, 2007.   

[52] M.Z. Jamaludin, A.A.A. Bakar, A.W. Naji, F.A.  Rahman, 
M.A. Mahdi, M.K. Abdullah, “Improving The Performance 

602



of Double-Pass EDFA Utilizing Chirped Bragg Grating As 
Feedback Loop”, Microwave Opt  Technol Lett.,  vol. 48, 
no. 2, pp.  386-388, 2006. 

[53] Yucel, M., Aslan, Z., Goktas, H.H., “Çe�itli Erbiyum 
Katk�l� Fiber Yükselteç Konfigürasyonlar� için Kazanç ve 
Gürültü Faktörünün �ncelenmesi”, V. �leti�im Teknolojileri 
Ulusal Sempozyumu, �zmir, 2013. 

[54] M. Yucel, Z. Aslan, “The Noise Figure and Gain 
Improvement of Double-Pass C-Band EDFA, Microwave 
Opt  Technol Lett.,   vol. 55, no. 11, pp. 2525-2528, 2013. 

[55] T.C. Liang, S. Hsu, “The L-band EDFA of High Clamped 
Gain and Low Noise Figure Implemented Using Fiber 
Bragg Grating and Double-Pass Method”, Optics Comm  
vol. 281, pp.  1134-1139, 2008.   

[56] C.L. Chang, L. Wang, Y.J. Chiang, “A Dual Pumped 
Double-Pass L-Band EDFA with High Gain and Low 
Noise”, Optics Comm. ,vol.  267, pp. 108-112, 2006.   

[57] L.L. Yi, L. Zhan, J.H. Ji, Q.H. Ye, Y.X. Xia, “Improvement 
of gain and noise figure in double-pass L-band EDFA by 
incorporating a fiber Bragg grating”, IEEE Photon. Technol 
Lett , vol. 16, no. 4, pp. 1005-1007, 2004. 

[58] H. Zhang, L. Yu, Y. Liu, C.  Wang, Y. Li, Q. Dou, L. Liu, 
S. Yuan,  X. Dong, “Noise figure improvement of a double-
pass erbium-doped fiber amplifier by using a HiBi fiber 
loop mirror as ASE rejecter”, Optics Comm., vol. 244, pp. 
383–388, 2005. 

[59] S.W. Harun, H. Ahmad, “Efficient and low-noise gain 
flattened double-pass L-band erbium-doped fiber amplifier”, 
Microwave Opt Technol Lett., vol. 40, no. 2, pp.  112-114, 
2004.  

[60] S.W. Harun, H. Ahmad, “An efficient and low noise Gain-
Clamped Double-Pass L-Band EDFA”, IEICE Electronics 
Express, vol. 1, no. 5, pp. 98-102, 2004. 

[61] S.W. Harun, Ahmad, H., “Low noise double pass L-band 
erbium-doped fiber amplifier”, Optics and Laser Technol,  
vol. 36, no. 3, pp.  245-248, 2004.  

[62] E. Desurvire, Erbium-Doped Fiber Amplifier: Principles 
and Applications, John Wiley and Sons. Inc., NewYork, 
USA, 1994.  

[63] C. Berkdemir, S. Özsoy, “The temperature dependent 
performance analysis of EDFAs pumped at 1480nm: a 
more accurate propagation equation”, Optics Express, vol. 
13, no. 13, pp. 5179–5185, 2005.  

[64] M.C. Lin, S. Chi, “The gain and optimal length in the 
erbium-doped fiber amplifiers with 1480 nm pumping”, 
IEEE Photonics Technol Lett. , vol.  4, no. 2, pp.  354–356, 
1992. 
 

603



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


