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Quartiles

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Computer Science (miscellaneous) 2011 Q2
Computer Science (miscellaneous) 2012 Q3
Computer Science (miscellaneous) 2013 Q2
Computer Science (miscellaneous) 2014 Q4

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2010 0.000
Cites / Doc. (4 years) 2011 1.667
Cites / Doc. (4 years) 2012 1.424
Cites / Doc. (4 years) 2013 0.383
Cites / Doc. (4 years) 2014 0.288
Cites / Doc. (4 years) 2015 0.231
Cites / Doc. (4 years) 2016 0.194
Cites / Doc. (4 years) 2017 0.208
Cites / Doc. (4 years) 2018 0.215
Cites / Doc. (4 years) 2019 0.279

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.

 
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 2010 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

Cit Y V l

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2010 22.58
2011 10 13

Citable documents Non-citable documents

Not every article in a journal is considered primary
research and therefore "citable", this chart shows the
ratio of a journal's articles including substantial research
(research articles, conference papers and reviews) in
three year windows vs. those documents other than
research articles, reviews and conference papers.

Documents Year Value
N it bl d t 2010 0

Cited documents Uncited documents

Ratio of a journal's items, grouped in three years
windows, that have been cited at least once vs. those
not cited during the following year.

Documents Year Value
Uncited documents 2010 0
Uncited documents 2011 36
Uncited documents 2012 333
Uncited documents 2013 2027
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CHARACTERIZATION OF L BAND 

ERBIUM DOPED FIBER AMPLIFIER 

Anwar Mujadin ,1,  Ary Syahriar ,1, 2 
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Komplek Masjid Agung Al Azhar Jl. Sisingamangaraja Kebayoran Baru Jakarta Selatan 12110 
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Erbium doped fiber amplifiers (EDFA) have become major key components for dense wavelength division multiplexing (DWDM) in optical fiber 
communication systems. Recently, an L-band EDFA have gain popularity to extend optical bandwidth level in such a system. It operates in a 

relatively low population inversion that a total positive gain can be achieved in L-band signals level while energy absorption occurs at the 
conventional band. Therefore, pump power efficiency has become major issues in L band EDFA to obtain high gain and low noise figure (NF). In 
this research we have developed high stability and accuracy circuits using high end technology components to maximize power pumping level that is 
used for laser diode pumping and power meter. We used forward pumping scheme by using simple single pump structure with 980 nm pump laser 
into short length L band EDFA. In this experiment we have used L band EDFA with the length of 13.5 meters, the purpose is to get short length L 
band with efficient pumping power and to get good gain output at several pumping and signal power. The experimental results then fitted with 
theoretical analysis to determine performances of overall EDFA system. The performance parameter such as gain, NF and output power was taken at 
L band ITU wavelength standard with four different laser diode pumping powers of 53.6 mW, 61.1 mW, 64.83 mW and 68.25 mW respectively. An 
input signal power ranging was of -20 dBm, -15dBm, -10 dBm and -5 dBm respectively.  

 
Keywords: High stability laser diode pumping circuitry, optical amplifier, noise figure, EDFA L- band. 

 

1. INTRODUCTION 

 

Dense wavelength division multiplexing (DWDM) 
technology is a key technology for the future generation 

of optical network where it is directly connected to high 

performance network routers. One of the main 
components is EDFA that play an important role to 

enhance optical output in optical network performances. 

Therefore designing of an optical amplifier can directly 
affect the high performance of an optical system. 

Optical amplification using EDFA is quite common on 

long distance communication systems. Previously long 
wavelength EDFA i.e. L band EDFA has attracted much 

intention and played a major role in extending optical 

bandwidth from previous C band structure. Similar to 
those C band structures, L band can also be configured 

using single pump scheme but with more pumping power 

required to get similar gain as that in C band. Therefore, 
pumping scheme has become major issues in L band 

EDFA to obtain high gain and low NF as well as pump 

power efficiency 
1
. In this paper we demonstrate a simple 

single pump structure with 980 nm pump laser and short 

L band EDFA.  

 

2. HARDWARE IMPLEMENTATION 

In general, there are three setup configurations EDFA 

pumping namely: forward pumping, backward pumping 

and bidirectional pumping 
2,3

. System design based EDFA 

optical reinforcement consists of four parts, namely the 

passive optical component, active optical component, 
system microcontroller and the high regulated power 

supply
4
. 

 
Figure 1 shows a configuration lay out of EDFA 

experimental setting. 

 

 
 

Figure 1. Configuration layout of EDFA experimental 

setting. 

 
Figure 2 shows a complete set of L band EDFA with 

electronics control systems. 
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Figure 2. A complate set of L band EDFA with 

electronics control systems. 
 

For characterization of L band EDFA, we used of single 

stage forward pumping is shown in schematic diagram in 
Figure 3 below.  

Signal

 In

Signal

Out
FC

FCWDM

Laser Diode Pumping

EDF

Isolator
99%

1%

95%

5%

CONTROLLER

Cheked

Cheked

Isolator

Figure 3. Single stage forward pumping Schematic 
diagram. 

 
Experiments were conducted without the use of a 

microcontroller. Controller block in Figure 3 is represent   
active electronic components (integrated circuit) consists 

of diode laser pumping and power meter. ADN2830 and 

AD8304 are high performance active components 
(integrated circuit) from Analog Device as laser diode 

pumping and power meter to occupy the controller block. 

Two ADN2830 Used in parallel current boosting mode to 
achieve 400 mA current pumping as shown in figure 4 

below 
5
.  

 
Figure 4. Two ADN2830 in parallel 400 mA  

current boosting mode 
5
. 

Figure 4 shows pin out of RPSET as current adjustment 

laser diode pimping using linear potentiometer. 
 

Experimental setup for characterization of L band with L 

band EDFA of 13.5 meters long at forward pumping is 
shown in Figure 5.  
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power meter

LDP 

980 nm

FC = Fused Coupler

 
 

Figure 5. Experiment setup for characterization of Lband 

EDFA with forward pumping. 

 

Experimental setup in Figure 5 consists of: 

a. Isolator 1 and isolator 2 as rectifier signal. 
b. One uncooled LDP (LU980) with specifications 

of 980 nm wavelength and 180 mW output 

power
6 
. 

c. WDM coupler with specifications of 980 nm and 
1550 nm channel input distribution 

7
. 

d. L band EDF 13.5 m long  with specification: 

mode field diameter of 5.5 ± 0.5 µm, @ 1550 nm 
wavelength, peak absorption 25 ± 2 dB/m near 

1530 nm and ≥ 7.0 dB/m near 980 nm, loss of ≤ 

15.0 dB/km @ 1200 nm, mode cut-off at 960 ± 
50 nm and core numerical aperture is 0.21  

e. Tap coupler 1 (FC1) with specification 95% and  

5% channel output splitter.  

f. Tap coupler 2 (FC2) with specification 99 % and 
1% channel output splitter. 

 

FC1 at 5% channel output splitter is selected for 
minimum limit input signal to power meter AD8304 at 

the smallest input signal TLS about -30 dBm. FC2 at 1% 

channel output splitter is selected for maximum of power 
meter AD8304 at 0 dBM the most output signal EDFA 

which can still be read.  

 

3. RESEARCH METHODOLOGY 

 

TLS swept in the work area at international 

telecommunication union (ITU) grid in the wavelength 
range of L band (1570 nm-1620 nm), then the output 

signal recorded by OSA in the form of numeric data. 
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Observation Characterization performance of L band 
EDFA including: 

a. Characterization of the uncooled laser diode 

pumping (LDP) 980 nm. Observations measurement 
current injection to LDP toward LDP power. 

b. Observation amplified spontaneous emission (ASE) 

measurement. Observation measurement LDP power 
toward ASE issued without signal input TLS.  

c. Calculated Gain and noise figure (NF). Observation 

amplification output signal toward variations input 
signal at  LDP power constantly. 

d. Characterization EDFA L band for variation input 

signal toward gain at LDP power constantly. 
 

4. EXPERIMENTAL RESULTS 

 
Graph performance of LDP 980 nm, current injection 

toward LDP power is shown in figure 6. To avoid LDP 

damage, RPSET must be tuning slowly using wire wound 
potentiometer to tuning current injection LDP gradually, 

especially at lasing point (0 mA to 26 mA current 

injection).  
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Figure 6. Graph performance of LDP 980 nm, current 

injection toward LDP power 

 
Figure 7 shows ASE spectrum pattern of L band EDFA with 

LDP  power 53.6 mW (150 mA current injection), resulting 

in population inversion with ASE average of -37.66 dBm. 

 

 
 

Figure 7. ASE spectrum pattern L band EDFA with 

pump power 53.6 mW (17.3 dBm) with 150mA current 

injection 

Figure 8 shows the measurement and calculation of the gain 

and NF at 53.6 mW (17.3 dBm)  LDP power for -20dBm 

input signal with wavelength constant of 1589.52 nm. 

 

Pnoise-out = PASE

Δλ

λ1 λ2

Psignal-out-Pnoise-out

Power output

λ input

 Figure 8. Measurement and calculation of the gain and NF 

at 53.6 mW (17.3 dBm) LDP power for -20dBm input signal 

with wavelength constant of 1589.52 nm. 

 

From Figure 8 with input signal of 1589.52 nm 

and power input signal of (-20 dBm) can be amplified up 

to -2.65 dBm. Gain and NF can be calculated by using 
following Equations 

8
:   

 

G = 
  signal out noise out noise out

signal in

P P P

P

  
 
 
  

  

 

Figure 9 shows chart of ASE at 53.6 mW (17.3 dBm) LDP 

power constant  with ITU grid L band wavelength without 

input signal. 
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Figure 9. Chart of the Gain and NF at 53.6 mW (17.3 dBm) 

LDP power constant with ITU  grid L band wavelength 

without input signal. 

 

Figure 10 shows calculation of Gain and NF at 53.6 mW 

(17.3 dBm) LDP power constant and -20dBm input signal 

with ITU grid L band wavelength. 
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Figure 10.Chart of the Gain and NF at 53.6 mW (17.3 dBm) 

LDP power constant for -20dBm input signal with ITU L 

band wavelength. 

 

Figure 10 indicates that the noise figure (NF) is 
always greater than one, it prove the amplifier always give 

extra noise during the process of amplification.  

 
Figure 11 (a), (b), (c) and (d) shows chart Gain and output 

power was taken at L band ITU grid wavelength with four 

different laser diode pumping powers of 53.6 mW (150 
mA), 61.1 mW (160 mA), 64.83 mW (170 mA) and 68.25 

mW (180 mA) respectively, toward A input signal power 

ranging was of -20 dBm (0.01 mW), -15 dBm (0.032 
mW), -10 dBm (0.1 mW) and -5 dBm (0.32 mW) 

respectively. 

 

G
a

in
 (

d
B

)

L Band Wavelength Input Signal (nm)

22.00

20.00

18.00

12.00

8.00

6.00

1
5

7
0

1
5

7
4

1
5

7
8

1
5

8
2

1
5

8
6

1
5

9
0

1
5

9
4

1
5

9
8

1
6

0
2

1
6

0
6

1
6

1
0

1
6

1
1

1
6

1
0

1
6

0
8

1
6

0
6

1
6

0
4

1
6

0
3

1
6

0
1

1
5

9
9

1
5

9
8

1
5

9
6

1
5

9
4

1
5

9
2

1
6

1
8

1
6

1
4

16.00

14.00

10.00

LDP Power Constant

53.60 mW(150 mA)
61.14 mW(160 mA)
64.83 mW(170 mA)
68.25 mW(180 mA)

Input Signal Power Constant

-20 dBm (0.01 mW)

 
a) 

 

  

G
a

in
 (

d
B

)

L Band Wavelength Input Signal (nm)

22.00

20.00

18.00

12.00

8.00

6.00

1
5

7
0

1
5

7
4

1
5

7
8

1
5

8
2

1
5

8
6

1
5

9
0

1
5

9
4

1
5

9
8

1
6

0
2

1
6

0
6

1
6

1
0

1
6

1
1

1
6

1
0

1
6

0
8

1
6

0
6

1
6

0
4

1
6

0
3

1
6

0
1

1
5

9
9

1
5

9
8

1
5

9
6

1
5

9
4

1
5

9
2

1
6

1
8

1
6

1
4

16.00

14.00

10.00

LDP Power Constant

53.60 mW(150 mA)
61.14 mW(160 mA)
64.83 mW(170 mA)
68.25 mW(180 mA)

Input Signal Power Constant

-15 dBm (0.032 mW)

 
b) 

  

G
a

in
 (

d
B

)

L Band Wavelength Input Signal (nm)

22.00

20.00

18.00

12.00

8.00

6.00

1
5

7
0

1
5

7
4

1
5

7
8

1
5

8
2

1
5

8
6

1
5

9
0

1
5

9
4

1
5

9
8

1
6

0
2

1
6

0
6

1
6

1
0

1
6

1
1

1
6

1
0

1
6

0
8

1
6

0
6

1
6

0
4

1
6

0
3

1
6

0
1

1
5

9
9

1
5

9
8

1
5

9
6

1
5

9
4

1
5

9
2

1
6

1
8

1
6

1
4

16.00

14.00

10.00

LDP Power Constant

53.60 mW(150 mA)
61.14 mW(160 mA)
64.83 mW(170 mA)
68.25 mW(180 mA)

Input Signal Power Constant

-10 dBm (0.1 mW)

 
c) 

 

  

G
a

in
 (

d
B

)
L Band Wavelength Input Signal (nm)

22.00

20.00

18.00

12.00

8.00

6.00

1
5

7
0

1
5

7
4

1
5

7
8

1
5

8
2

1
5

8
6

1
5

9
0

1
5

9
4

1
5

9
8

1
6

0
2

1
6

0
6

1
6

1
0

1
6

1
1

1
6

1
0

1
6

0
8

1
6

0
6

1
6

0
4

1
6

0
3

1
6

0
1

1
5

9
9

1
5

9
8

1
5

9
6

1
5

9
4

1
5

9
2

1
6

1
8

1
6

1
4

16.00

14.00

10.00

LDP Power Constant

53.60 mW(150 mA)
61.14 mW(160 mA)
64.83 mW(170 mA)
68.25 mW(180 mA)

Input Signal Power Constant

-5 dBm (0.32 mW)

 
d) 

Figure 11. Gain and output power was taken at L band 

ITU wavelength with four different laser diode pumping 

powers of a) 53.6 mW (150mA), b) 61.1 mW (160 mA), c) 
64.83 mW (170 mA) and d) 68.25 mW (180mA) 

respectively toward A input signal power constant ranging 

was of -20 dBm (0.01 mW), -15 dBm (0.032 mW), -10 
dBm (0.1mW) and -5 dBm (0.32 mW) respectively.  

 

5. CONCLUSIONS 
L band EDFAs spectral gain and noise figure 

characteristics were analysed through experiments and 

simulation. By using optimized 13.5 m fibre length at 
1580.45 nm and 53.6 mW (150 mA current) pump power 

to get amplified spontaneous emission (ASE) average of -

36.45 dBm.  
The performance of gain at L band ITU grid wavelength 

with four different laser diode pumping powers of 53.6 

mW, 61.1 mW, 64.83 mW and 68.25 mW respectively 
with variation range of different input signal power 

ranging was used of -20 dBm, -15dBm, -10 dBm and -5 

dBm respectively. From the analysis result that increasing 

current injection LDP every 10 mA, the input signal 
amplified by 1.76dB .Otherwise the amplification (gain) 

will be decrease 1.43 dB if increasing input signal power 

by +5 dBm. 
As a result, a high gain 20.64 dB and a moderate noise 

figure 3.9 dB values were obtained in the small signal 

regime. In general, with its relatively high NF values, this 
type of L-EDFA can be used as an optical booster 

amplifier not requiring very low noise figures. 

Future work, in this research needs further developed 
with bidirectional LDP for increasing the amplification 

EDFA with the same length of L band EDF. 
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