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O ABSTRACT 0O

This research aims to study and design a single mode optical fiber using simulation,
with a core and glass cladding, and also helps in ensuring the efficiency to use the optical
fiber designed within the broading window C-Band,and that these researches and studies
tries to use this window. This research also shares to set the light on the Numerical
Programmes and Simulation used now in studying and designing these optical fibers. At
first we used the programOptifiberto reach the confidence of Sellmeier equation for the
fiber core, and this completed by using the finite element method solving the equation of
propagation the electric field and finding its 3-D distribution, using the famous simulating
COMSOLMultiphysics. This completed by putting the program MATLAB to reach the
two equation: the total dispersion and attenuation for the designed optical fiber.
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% n relation by Lambda

p1=(0.6961663*lambda’2)/((lambda”2)-0.0684043"2);
p2=(0.4079426*lambda"2)/((lambda”*2)-0.1162414"2);
p3=(0.8974794*lambda"2)/((lambda”2)-9.896161"2);

t=p1+p2+p3;
n=(t+1)%(1/2);
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plot(y_vector,n_vector,'r’);

title('n');

xlabel(\lambda Wave Length(\mu m));
yIabeI('n Values');

%legend(\lambda / n Line');
datacursormode on;

grid on;
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Fiber Profile
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%Evwvulate n relation with Lambda Values

n_vector=subs(n,lambda,y_vector);
0y m -
%Derivatingn by lambda twice
n_der_function=diff(n,lambda,2);
%Calcualte derivation values

n_derivatives=vpa(subs(n_der_function,lambda,y_vector));

Ofmmmmmmmmmm e m e

%calcualte Material Despersion Values

fori=1:c

material_dispersion(i)=vpa((y_vector(i)*(1)*n_derivatives(i))/(3*power(10,8)));

end

%Plotting the results
%figure

%subplot(2,2,1)
%plot(y_vector,n_vector,'r");
%title('n");

% xlabel("\lambda Wave Length(\mu m)");

% ylabel('n Values";
%legend(\lambda / n Line’);
% datacursormode on;
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7. Wave Length{u m)

Jskl) xic 18.9822ps/nm.km sl cadal iad cily cus D ppop Dag s Dy 0 cliaia : (8) Jel)
. 1.7m xe26.2523 ps/nm.km x1.6pm xic 21.1479 ps/nm.km 5 1.56[tm 2 gal)

: Sl galing (e Lo Jpemnl 5 ) 3ol aasll s (5)Jsaad) & s

iy dsk Jo! Rﬁb.d! Dmmir DM J'I‘}‘.I-'I"Qr 2l ﬁé : (5) dssadl

Dispersion of SMF
Sr. Wavelength ps/nm.km
No: (perme) Material Waveguide Total
Dispersion Dispersion Dispersion

1 1.2 -7.9023 -1.1264 -9.0286
2 1.26 -1.2919 -1.2573 -2.5493
3 1.3 2.6451 -1.4548 1.1903
4 1.36 7.9901 -1.8567 6.1334
5 1.4 11.2465 -2.1703 9.0762
6 1.46 15.7625 -2.6782 13.0843
7 1.5 18.5708 -3.0291 15.5417
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8 1.56 22.5405 -3.5583 18.9822
9 1.6 25.0543 -3.9064 21.1479
10 1.66 28.6677 -4.4141 24.2536
11 1.7 30.9922 -4.7399 26.2523
12 1.76 34.3822 -5.2063 29.1759
13 1.8 36.5923 -5.5011 31.0912
14 1.86 39.8547 -5.9185 33.9363
15 1.90 42.0056 -6.1798 35.8258
16 1.96 45.2127 -6.5468 38.6658
17 2 47.3465 -6.7752 40.5714
18 2.06 50.5545 -7.0940 43.4605
19 2.1 52.7049 -7.2913 45.4137
20 2.16 55.9595 -7.5655 48.3940
21 2.2 58.1544 -7.7345 50.4199
22 2.26 61.4942 -7.9684 53.5258
23 2.3 63.7577 -8.1119 55.6457
24 2.36 67.2169 -8.3099 58.9071
25 2.4 69.5707 -8.4309 61.1398
D aaaall Agall cill B uaddl) Qe - 3
Sl el 8 el 5 paliaial) Jegs Lld Al IShl) o psiame il of Lo
t (6)Jsaal b leaskaii 23 OPHFIDEr zaliny (1o leilshy aaedill ¥ slaa o Jpemal)
Mgl aaddl) e alaa 1 (6) Jsaad)
G fin IR Jladl b (abcial) OH (alaisy!
A oo (F A
U = At %ir exp (Auj “ou 1+ [Anﬁ;il:]g
42098 e | A=45x10Y s/ A,=029B)
km B = 47.5 um A; =138 um
a; = 0.0139 um

i ol il Cpaars « S 1adil ] Tl akil) ClBe (pa ol Dlile gualiy S
asiSall el

%0OH
Ai=0.2

yi=1.38;
segma=0.0139;

fl=lam

bda-yi;
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f2=f1/segma;

f3=power(f2,2);

oh=Ai/(1+f3);

oh_values=sub(oh,lambda,y_vector);

%total

a_total=ar_values+a_ir_values+oh_values;

%plotting
plot(y_vector,oh_values,'r',y_vector,a_ir_values,'b’,'LineWidth', 2); hold on;
colour_teal = [220 8 138] ./ 255;

color_black=[00 0] ./ 255;
plot(y_vector,a_total,'color’,color_black,'LineWidth', 2); hold on;
plot(y_vector,ar_values,'Color',colour_teal,'LineWidth', 2);
title('Material Loss");

xlabel(\lambda Wave Length(\mu m)");

el =3(9) S (aus

28

g
T

Material Loes (£2)

1
18

! 12 14 18 24

A Wavs Lengihu m)

Jshll sie 0.180dB/km IS 30adil) dad Caly Cun By g g O L O el Cliiada : (9) Jedd)

IR
1.7pm sic 0.4381dB/km s1.6[m i 0.1957dB/km 5 1.56ptm asal

f Dkl el (e legle Jpemnll 5 Al S0 ypasil (7)) sl s
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- e Job JSI ABdlgal) @4y g OE s O O a3 0 (T) Jaad)

Sr. No: | Lambda Loss (dB/km)

(Hm) aR a!ﬂ ar.‘JH as otal
1 1.2 0.4340 2.8999¢-06 0.0012 0.4352
2 1.26 0.3571 1.9099e-05 0.0026 0.3597
3 1.3 0.3151 6.0920e-05 0.0059 0.3210
4 1.36 0.2631 3.0538e-04 0.0651 0.3285
5 1.4 0.2343 8.2836¢-04 0.0651 0.3002
6 1.46 0.1981 0.0033 0.0059 0.2073
7 1.5 0.1778 0.0080 0.0026 0.1884
8 1.56 0.1520 0.0269 0.0012 0.1800
9 1.6 0.1373 0.0576 7.9521e-04 0.1957
10 1.66 0.1185 0.1683 4.9167e-04 0.2873
11 1.7 0.1078 0.3300 3.7665e-04 0.4381
12 1.76 0.0938 0.8555 2.6725e-04 0.9495
13 1.8 0.0857 1.5583 2.1882e-04 1.6443
14 1.86 0.0752 3.6506 1.6758e-04 3.7259
15 1.9 0.0691 6.2496 1.4280e-04 6.3188
16 1.96 0.0610 13.4344 1.1480e-04 13.4955
17 2 0.0563 21.8132 1.0047e-04 21.8695
18 2.0600 0.0500 43.5653 8.3533e-05 43.6154
19 2.1000 0.0463 67.5904 7.4513e-05 67.6367
20 2.1600 0.0413 126.6937 6.3494e-05 126.7351
21 2.2000 0.0384 188.9730 5.7452e-05 189.0115
22 2.2600 0.0345 335.2291 4.9887e-05 335.2637
23 2.3000 0.0322 483.1560 4.5644e-05 483.1882
24 2.3600 0.0290 816.8004 4.0227e-05 816.8295
25 2.4000 0.0271 1.1424e+03 3.7135e-05 1.1424e+03

D panaadl Cill lsgsh) Jial) g6 Glaa — 4

alaY Laaall Fhhall o) cuslidl e 4ld ((8) ALl (Lluad) llad Jola ol dysra i
J~ICOMSOLMultiphysics sl Sladll aladsin) &5 @l L Agall calll aa AleSI Jiadl &5
P AUl clghaally  Slaall alatinly Jiall Glus 488 (adli (Koo (11) Aol

asanaill Lpunigh 2l HBa5 25 e g (Model Wizard 2wl (e galind) ity s igs piall oLt |
. 3D 2l DU

-l il Sl alll il ia )l lass 2

Gy il sald L) A e 3

285 A el e s das Bpiua Glpa () Jea) dikie okl 8 dleal) o200 el Ala s 4
- gl ualiall dipl  Sladll aadig Cus Ll e gda JSI5SLa)
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Saall Lag3) Cstre oase ok IS dal e (Sl diall g5 Gl Jal er i) dlec 5
(50 Usb S0 2lie Jaas JSNerrlladl) LSSV A3y dashy
thy = L7pum asd) Johll vie slSlad) it 45V JEN s 6

l

: (IO—b) Jsd (IO—a) Jsid
Ll Jal (0 paaal) il B JEal3D aadl AN 5 gikaaill Jaf (1 pamaall Cill) B Jaall 2D sl AU 855
A, =1.7pmng = 1.442173 :00d = 1. 7umng;, = 1.442173LP;; :&alP,

- e yal) Amsdl) Ik die LP) asld) Jaaill pms dlee a4l (10) JSEN (e Jaadls

tlia gilly clalitiuy)
sclaliiiay) *
il e e Bl Taalll galal Jgm (ol upay Gl aes
Ulas Al il jodis o by = 17um sl Joball vie Spall CGalll Clialge Sl 2as
sl 3L aaiaal) Aguall Calll alasin) adla ) Lele
L ¢ 26.252 ps/nm.km il saill dad o 223 (5 ) Jsaa) (e 1and oasall Jshall a8 2ic
. 0.4381 dB/km sl wesill dad (7) Jsaall Gy
zeling 8 Aaliall apall Apaed) 3yl alainly A suall Gl apedss 220 Al Cpaalin oy &
Jbade Gaaalinll Andla e @33l 2y Bl
tluagll) *
P Al Lol Ay Cadl as
gl GLIY) 2 aladiuly aeadl) Caull sl dad (mdds o Jealdt
ool e asladl GG ks jpen 5T Al
.COMSOL Multiphysics zabinll as 4 5i€all zeall) Jayy ZlSal A Raslia

134



Tishreen University Journal. Bas. Sciences Series 2016 (5) 23l (38) alaall ¥l a slell @ (i dnals daa

:aall)

[1] SAURABH; and KUMAR,V. Power Communication using Optical-Fiber.
IPASJ International Journal of Electrical Engineering (11JEE), India, Vol. 3, No. 12, 2015,
11-15.

[2] AGRAWAL,G.P.Fiber-Optic Communication Systems. 3". ed, John Wiley
&Sons,Inc., New York, 2002, 546.

[3] JOHNSON, M. Optical Fiber, Cables and Systems. ITU, Switzerland, 2010, 299.

[4] KUMAR, S; and DEEN, M. J. Fiber Optic Communications-Fundamentals and
Applications. John Wiley & Sons, Ltd., UK, 2014, 553.

[5] SENIOR, J. M. Optical Fiber Communications-Principles and Practice.3".
ed,Pearson Education Limited, England, 2009, 1076.

[6] THYAGARAJAN, K;and GHATAK, A. Fiber Optic Essentials.John Wiley &
Sons, Inc., USA, 2007, 242.

[7] DUTTA, A. Mode Analysis of Different Step Index Optical Fibers at 1064nm for
HighPower Fiber Laser and Amplifier. International Journal of Electronics andCommuni-
cationTechnology (IJECT), India, Vol. 6, No. 3, 2015, 74-77.

[8] NECHIBVUTE, A;and MUDZINGWA, C. Modellingof Optical Waveguide
using COMSOLMultiphysics. International Journal of Engineering Research &
Technology(IJERT), Zimbabwe, Vol. 2, No. 5, 2013, 1663-1667.

[9] DUBEY, P. K; andSHUKLA,V. Dispersion in Optical Fiber Communication.
International Journal of Science & Research (IJSR), India, Vol. 3, No. 10, 2014,236-2309.

[10] SAEID, S. H. Computer Simulation and Performance Evaluation of Single
Mode Fiber Optics. Proceedings of the World Congress on Engineering, UK, Vol. 2, 2012.

[11] BASHER, M. K; KHAN, M. R. H; AKAND, M. A. R; HASAN, M. R; HOQ,
M; andMAMUM, R. A. Design and Simulation of a Low Loss Single Mode Optical Fiber.
International Journal of Integrated Sciences& Technology (JIST), Bangladesh, Vol.
1,2015, 32-37.

[12] ZHI, W; GUOBIN,R; SHUQIN, L; andSHUISHENG, J. Loss properties due to
Rayleigh Scattering in Different Types ofFiber. OPTICS EXPRESS, China, Vol. 11, No. 1,
2003, 39-47.

[13] NAGARKAR, R. P. Dispersion Analysis of Optical Fiber Using MATLAB.
International Journal of Advanced Engineering and Nano Technology (IJAENT), India,
Vol. 2, No. 6, 2015, 19-20.

[14] KITAMURA, R; PILON, L; and JONASZ, M. Optical constants of silica glass
from extreme ultravioletto far infrared at near room temperature. APPLIED
OPTICS,USA,Vol. 46, No. 33, 2007, 8118-8133.

[15] TAHA, S. A; SHELLAL, M. M; and KADHIM, A. C. Simulation of Gaussian
Pulses Propagation Through Single ModeOptical Fiber Using MATLAB. Iraqi Journal of
Science, Irag, VVol. 54, No. 3, 2013, 601-606.

135



