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Keywords

In the study, single pass and double pass amplifier systems were compared with dual port optical
analyzer. By adding EDF, YDF, EYDF to the doped fiber block, single and double pass
arrangements were examined. /Calismada tek gecisli ve cift gecisli yiikselteg sistemlerinin dual port
optic analizorle karsilagtirmalar: yapilmistir. Katkili fiber blokuna EDF, YDF, EYDF ekleyerek tek
ve ¢ift gegisli diizenekler halinde incelemer yapimustir.
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Figure 2: Single-pass and double-pass schemes / Sekil 2: Tek gegisli ve ¢ift gegisli diizenek
Highlights (Onemli noktalar)
> Analyses of ERFA) YDFA and)EYDFA setups were carried out by taking the equations
om the ium eflergy band level as an example. /Erbiyum enerji bant

obtained
seviyesinden elde denklemler ornek alinarak EDFA, YDFA ve EYDFA
i yapumstir.

Kendiliginden yiikseltilmig

yayilma
EDFA
YDFA
EYDFA
Tek gegis
Cift gegis

s setups were analyzed separately for each fiber type/ Tek ve ¢ift
erbir fiber tiirii i¢in ayri ayri analiz edilmistir.

ASE spectra obtained in EDFA, YDFA and EYDFA setups were analyzed. / EDFA, YDFA
setuplarinda elde edilen ASE spektrumlart analiz edilmistir.

Alm (Amag): In the study, the ASE values of EDFA, YDFA and EYDFA doped optical amplifiers in

4smgle and double pass setups were examined and the setup with higher ASE values was shown in
graphs. / Calismada EDFA, YDFA ve EYDFA katkili optik yiikselteclerin tek ve ¢ift gecisli
diizeneklerde ASE spektrumlar: incelenmistir ve hangi diizenekte ASE degerinin daha yiiksek
oldugu grafiklerde gosterilmistir.

Originality (Ozgiinliik): The originality of the study is that ASE spectra for EDFA, YDFA and
EYDFA are optimized and obtained and compared in single and double pass setups. / EDFA, YDFA
ve EYDFA i¢in ASE spektrumlarinin optimize edilerek tek ve ¢ift gegisli diizeneklerde elde edilmesi
ve kiyaslanmast ¢aligmanin ozgiinliigiidiir.

Results (Bulgular): The ASE value for EDFA was 0 dBm in the double-pass setup and -6 dBm in
the single-pass setup, while for YDFA these values were 11 dBm at 975.3 nm and -17 dBm at 976
nm in the double-pass and single-pass setups, respectively, and 4.84 at 1560 nm and -14 dBm at
1568 nm in the double-pass and single-pass setups in EYDFA, respectively. /[EDFA i¢in ASE degeri
¢ift gecisli diizenekte 0 dBm ve tek gegislide -6 ABm, YDFA icin bu degerler ¢ift gecisli ve tek gegisli
de sirasiyla 975.3 nm’de 11 dBm vw 976 nm’de -17 dBm oldu ve EYDFA 'da cift gegisli ve tek gecisli
diizeneklerde sirasiyla 1560 nm’de 4.84 ve 1568 nm’de -14 dBm olarak elde edildi.

Conclusion (Sonug): As a result, higher ASE value was obtained in double-pass setups with the
same amplifiers and the highest ASE value was obtained as 4.84 dBm in the C operating band at
1560 nm wavelength in the EYDFA setup./ Sonu¢ olarak, aymi yiikseltegler ile cift gecisli
diizeneklerde daha yiiksek ASE degeri elde edildi ve EYDFA kurulumunda 1560 nm dalga boyunda
C ¢alisma bandinda en yiiksek ASE degeri 4,84 dBm olarak elde edildi.
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€ elde edilen ASE denklemleri kullanilarak karsilastirilmistir. Tek gegisli ve cift gecisli
onlarda uygulanan degerler, pompa dalga boyu, pompa giicii, yiikselteg uzunlugu ve

Kendiliginden
yayilma
EDFA

YDF

EYD

Tek gegis

Cift gegis

tilmig

yiikselteg parametreleri her iki modelde de esit olarak kabul edilmistir. EDFA igin pompa dalga
oyu 1480 nm ve pompa giicii 1400 mW idi; YDFA i¢in pompa dalga boyu 960 nm, pompa giicii
ise 800 mW olarak bulunmus, bu degerler EYDFA igin sirasiyla 1025 nm ve 1600 mW olarak
uygulanmigtir. Cift portlu spektrum analizériiniin ¢ikigindaki grafikler, ¢ift gegisli ortamda, tek
gegisli ortama kiyasla daha yiiksek ASE degerlerinin elde edildigini gostermistir.

1. INTRODUCTION (GiRriS)

Optical sensing and communication systems are
important in various applications in terrestrial,
space, and submarine environments. However,
integrating these systems poses several challenges,
especially regarding energy sustainability and
control [1-3]. Optical amplifiers are used to
compensate for signal loss in optical systems. These

amplifiers are classified according to various
characteristics. The most used amplifiers are rare
earth-doped fiber optic amplifiers. Erbium,
Ytterbium, and Erbium-Ytterbium doped optical
amplifiers are widely used due to their operating
wavelengths and other properties [3-5].

Power attenuation and signal loss due to long
distances in fiber optic transmission lines have been
the subject of much research today. Increasing the
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signal power along the transmission line is the best
solution, and various methods are used [6-8]. The
most common and efficient of these methods are
rare earth-doped optical amplifiers. Erbium,
Ytterbium, and Erbium-Ytterbium doped optical
amplifiers are widely used due to their operating
wavelengths and other features [9-14].

In rare earth-doped fiber optic amplifiers, amplified
spontaneous emission (ASE) is a noise generated by
the pump signal applied to the system and in the
amplifier energy band structure. The pump signal
applied to the doped fiber causes the atoms of the
element to move from the ground level to a higher
level. Some of the atoms accumulated at the
metastable level emit photons from themselves
while descending to a lower level, and the emitted
photon beams are called ASE. Since ASE emission
does not have the same phase and characteristics as
the input signal, it reduces the gain [10]. In general,
ASE is a type of noise that occurs in optical laser
sources, semiconductor optical amplifiers, and
doped optical amplifiers. Still, more efficient
optical amplifiers have been designed for certain
wavelengths by optimizing the ASE value [15-30].

Broadband optical devices in the 1500-2100 @y
wavelength range have recently attracted mug
research attention [21-24]. These devices i
lasers, amplifiers, sensors, and optical
Optical sources can be based on dop
enhanced spontaneous emission phenome

12].

In this study, ASE
doped optical

, and Er-Yb
obtained and
Uble-pass setups. In

N, and N, graphs
jfiers were obtained.

obtained from the study will be concluded in the
fourth part.

2. EDFA THEORETICAL MODEL (EDFA
TEORIK MODELI)

For theoretical modeling of EDFA systems,
equations obtained from Erbium energy band level
facilitated doped fiber design, and the effects and
characteristics of the parameters can be found.
Therefore, in this study, Er3+ energy band level rate

equations were first written, then equations for
propagation equations and ASE were obtained.

2.1. Rate Equations (Oran Denklemleri)

Figure 1 shows the 2-level erbium energy band
4

| . o P
level. 132 jslevel 2and 152 s level 1.
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Erbiyum enerji

—L= W, N, +N, /7, Q)

-W,N,—N, /7, (2)

sition rate corresponds to the energy
N; and N,, and R; is the pump

gition rate between N; , N; and  [8].

Generally, 7,, is the stimulated emission lifetime
and is radiative [9].

At the 1480 nm pump wavelength, the EDFA
energy band level operates in 2 levels. Level 2
contributions are made only through the 1480 nm
pump wavelength absorption cross-section from
Level 1 to Level 2, as shown in Figure 1 [14]. This
study performed EDFA simulation studies at 1480
nm pump wavelength.

2.2.Propagation Equations (Yayilim Denklemleri)

The dynamic propagation equations can be written

as follows, with pump propagation at P,

wavelength of 1480 nm and signal propagation P,
at 1550 nm with EDFA length (L) and z-direction:

dp,
d, TP (NG = NoOspe)) — 2P, (3)

z

dpy

=-T'\P, (N1012(sa) - NlGZl(se)) —-a,P, 4)

z
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In the above equations, P and P.are the pump P (1) = 2hC
(A) =

(8)

power and signal power, respectively, I" ; and I,

are the pump and signal overlap factor, respectively, dN. dN
(e 1 the pump absorption cross-sectional area, ~Assuming Equation d_tl = d_t2 =0 , equations

T y1(pe) IS the pump propagation cross-sectional area, N, and N, are as follows:

O7a(sa) 1S the signal absorption cross-sectional area,
(d+W,7,)N

0,15 IS the signal propagation cross-sectional area, N, = 9
ap(is)the loss in pump signal wavelength and «is 1+ (Wo, +Wo )7, + Rp7
the loss in signal wavelength [13]. N, = (R,75 +W,,7, )N (10)
2.3.Amplified Spontaneous Emission (ASE) 1+ (W, +W,,)7, +

(I?A%Lé%tlons (Kendiliginden - Yikseldlmis - Yayma Finally, the following eat?a 1 ritten for

the pumping rate R, the th ut rate W.. :
ASE is generated in the active fiber and travels
forward and backward. The total ASE power is the
sum of the forward and backward ASE powers in
the z-direction in the erbium-doped fiber. ASE
emission can be obtained from the following
equations at a given wavelength:

+P ) (11)

+ I:)-'—ASE + P_ASE) (12)

de% =P s (N0 160y — NiGiaey) IC) o, .
+21 0 5y50) N, NVAV — P oo hv, A

P ) IMULATION SETUPS (SIMULASYON
5= TP e (N,0100) = Ny DUZENEKLERI)

=20 0y ()N, WAV +a P Figure 2 shows all doped fibers' single and double

pass configurations. Table 1 shows the parameters
used in the simulation for all doped fibers.
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Figure 2. Single-pass and double-pass schemes (Tek ve ¢ift gegisli diizenekler)



Pishgam, Yiicel /| GU J Sci, Part C, 13(X):XX-XX (2025)

Table 1. Doped fiber parameters (Katkl: fiber parametreleri)

Parameters EDFA YDFA EYDFA
Numerical aperture 0.24 0.2 0.15
Metastable lifetime (ms) 10 9.9 Er=10, Yb=1.5
Core radius (um) 1.4 34 2
lon density (m”"-3) 2200 1000 Er= 5140, Yb= 6200
doping radius (um) 1.3 3.4 2
Pump wave length (nm) 1480 960 1025
Pump power (mW) 400 800 1600
Doped fiber length (m) 43 6 16
3.1. EDFA Analysis (EDFA Analizi) has the hi ncrease is observed in

In this section, the results were obtained by placing
Erbium-doped fiber (EDF) in the doped fiber blocks
in Figure 2 and using the EDFA parameters in Table
1. Figure 2 shows the ASE comparison of two
different setups fed from two pump sources in d

EDFA simulation setup. The dual port opticél
analyzer makes the comparison, and the obtaingd
result is shown in Figure 3. According to thgresult

value was obtamed as 6 25 dBm at\1533 n
single-pass amplifier.

Power (dBm)

-28 == Double pass
-33 e Single pass

-38

1520 1530 1535 1545 1551 1556 1562 1573 1591
Wavelength (nm)

Figure 3. Comparison of ASE spectrums in EDFA

double-pass and single-pass configurations (gift
gegisli ve tek gegisli EDFA ASE spektrumlarinin
karsilastirilmasi)

EDF absorption and emission values are shown in
Figure 4. In the obtained graphs, as seen in Figure
2, the absorption and emission cross section reached
their highest values at the wavelength where ASE

these vaUes e 0|nt where ASE rises at 1558

—Absorption parameters

——Emission parameters

Cross-section (m? ) x 1072

0

1420 1440 1461 1482 1502 1523 1544 1564 1585 1606
Wave length (nm)

Figure 4. Erbium absorption and emission cross-
section spectrums (Erbiyum sogurum ve yayilim kesit

alan1 spektrumlarr)
In this study, the EDF length was selected as 4.3 m.
In Figure 5, the forward, backward ASE and N,,

N, change graphs were obtained according to the

EDF length. N, had the highest and lowest values

around the EDF length of 1.81 meters, and the
reason for this is that the population inversion
reached its maximum value. Therefore, this region's
forward and backward ASE values reached
minimum values. As the length increased, the
population inversion value decreased with the

increase of N, and the decrease of N, in the lengths
after 3.62 meters, and thus, the forward ASE value
also started to increase. The fact that N;and N,

were equal at 3.65 meters shows that light's
absorption and emission ratio is balanced.



Pishgam, Yiicel | GU J Sci, Part C, 13(X):XX-XX (2025)

1 0,50

0.9 N1 045

N2
0,8 0,40
e Forward ASE
207 0,35
2 = == Backward ASE
S 06 0,30
c
o )
£ o5 025
3 0,4 0,20 g
o
2 &
E 03 0,15
E 0,2 N 0,10
S 04 N 0,05 \
> -y
0 - 000§
000 045 091 136 1,81 226 272 317 362 407 430

EDF length (m)

Figure 5. N,, N, , forward and backward ASE spectrums (ileri
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3.2. YDFA Analysis (YDFA Analizi)

In the YDFA study, simulations and results were
obtained for YDFA by taking the EDFA equations
in Figure 1 as an example. The ASE graph is showg
in Figure 6 using the same parameters in single
double-pass setups. The results were obtained usipg
the YDFA parameter values in Table 1. Ac i
to the results, the ASE value increased to § dBm at
the wavelength of 975.5 nm in the do
simulation setup. This value was foynd to
dBm for the single-pass system
wavelength. ASE values m
other at wavelengths bef
graphs after 988 nm, thedgvo
to decrease and had alfwost al vey Sat 1100 nm.

13
6
-1
-8 e Single pass
-15
-22
-29
-36
-43
-50
-57
-64

U I S I N I I O A N SN
SN O SRR AR AR
Wavelength (nm)

Figure 6. Comparison of ASE spectrums in YDFA

double-pass and single-pass configurations (YDFA
tek ve ¢ift gecisli diizenekte ASE strumlart)

the same
to each
in the

e Double pass

Power (dBm)

Yb absorption and emission cross-section values
were obtained graphically in this part of the study.

ve N2 spektrumlart)

ighest point is the wavelength at
he lowest.

3 ==Absorption parameters

2.5 ===Fmission parameters

Cross-section (m?) x 107#

0
850 880 910 940 970 1000 1030 1060 1090
Wavelength (nm)

Figure 7. Yb absorption and emission cross-

section spectrums (Yb sogurum ve yayilim kesit alan
spektrumlart)

Figure 8 shows Population N,, Population N,,
forward ASE (F-ASE), and backward ASE (B-
ASE). The number of electrons transferred from
N, to N, reaches its highest value at the 1.3 m

YDF length, and the forward ASE reaches its
highest value with the number of electrons at the
ground level reaching its highest value. At the
length of 0.6 m, where N, has its highest value, the

forward and backward ASE values become zero due
to the high population inversion and in the region
where stimulated emission is low.
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3.3.EYFDA Analysis (EYDFA Analizi)

For the EYDFA study, the equations obtained from
the Erbium energy band level in Figure 1 were taken
as an example, and the values of the parametegs
effective for ASE were obtained graphically u

the EYDF parameters in Table 1.

> N

.
[S)

N
o

w
o

N
o

Power (dBm)

e Double pass

= Single pass
-60

-70
1499 1519 1533 1546 1555 1560 1569 1589 1604

Wavelength (nm)

Figure 9. Comparison of ASE spectrums in
EYDFA double-pass and single-pass
configurations (Tek ve cift gegisli EYDFA diizeneginin
ASE spektrumlari)

The ASE graphs of the double-pass and single-pass
systems are shown in Figure 9. In the double-pass
setup, the ASE value increased to 5 dBm at 1558 nm
wavelength, and for the single-pass simulation
environment, the highest ASE value increased to -
14 dBm at 1565 nm. EYDFASs generally operate at
a pump wavelength of 800-1100 nm; therefore,

10
0 > 4

operating pump wavelength, the
d absorption values are higher than

transfer Bf the energy of the pump source from Yb
to Ey and the ion density of Yb being higher than
of Er.

===Er Absorption parameters

I
tn

Er Emission parameters

===Yh Absorption parameters

S

e==Yb Emission parameters

[

Cross-section (m?®) x 1072

=
tn

IS

930 946 962 979 995 1011 1028 1448 1481 1514 1547 1580 1612
Wavelength (nm)

0

Figure 10. Yb and Er absorption and emission

Ccross-sections spectrums (Yb, Er sogurum ve yayilim
kesit alani spektrumlart)

Figure 11 shows the energy and total forward and
backward ASE graphs in the EYDF band levels. Yb
has an energy level of 2, and Er has an energy level
of 4. Since the lifetimes of the electrons in the Er
3rd and 4th levels in the EYDF energy band level
are very short, the energies of these levels are shown
as zero in Figure 11, so as seen in the figure, the
highest energy transfer (from 0 to 1W) is made for
Yb at the N5 and N6 levels.
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Figure 11. N1, N2, N3, N4, N5, N6, F-ASE and B-AS
gore ileri ve geri ASE, N1, N2, N
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4. RESULTS AND CONCLUSIONS
(BULGULAR VE SONUCLAR)

In this study, Er, Yb, and Er-Yb dop
amplifiers were examined and compared
pass and double-pass setups.
obtained from the Erbium energy ban
1) were taken as an exa
obtained for YDFA and

value in the
m at 1532 nm
here the emission
Is Value became -6 dBm

double pass setu
wavelength. At

in single e wavelength, and ASE
valueswe ged/as 0 dBm and -3 dBm in
doulg d single pass setups at 1558 nm

A setup, the highest ASE value was
obtained at 975.3 nm in the region where the
emission parameter is the highest, 11 dBm, while in
the single pass setup, this value was obtained at 976
nm, -17 dBm. The highest ASE value obtained in
the EYDFA simulation was 4.84 dBm at 1560 nm
wavelength in the double pass setup and -14 dBm at
1568 nm in the single pass setup. In addition, the
double pass setup increased the ASE spectrum to 2
dBm at 1533 nm.

As a result, the highest ASE value was obtained as
4.84 dBm in the C operating band at 1560 nm

prding to EYDFA length (EYDFA uzunluguna

% geshektrumlart)

eleMgth in the double pass EYDFA setup, and -
Bm ASE value was obtained in the 1568 nm L

3 in the single pass setup with the same
amplifier. As can be seen, in EDFA and YDFA
amplifiers, the highest ASE values did not reach the
L band, and with the combination of Er and Yb rare
earth elements, the ASE peak value and the
amplifier operating band also moved towards the L
band.
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