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EELLCIGIT [ RET) e o) o [Tea\ /=1 Software-based education is one of the most important ways to transfer

knowledge in the field of new technologies. Because the hardware implementation of some modern science
phenomena is not possible due to its complexity or sometimes due to the lack of appropriate manufacturing
technology. Therefore, appropriate software can be used to teach such phenomena. One of the sciences
and technologies that has grown significantly in recent years is photonic crystal structures, which have also
appeared in new editions of graduate courses syllabuses as photon crystals. In this paper, simulation-based
(software-based) teaching of a 4-channel optical demultiplexer based on photonic crystal is presented by
using the R-Soft software.

m The teaching of the demultiplexer structure is based on the use of a photonic crystal filter.
In this analysis, with the variation of the radius of the cylindrical nano-ring resonator and the radius of
the scattering rods, the critical length parameter of 1573.6 nm is improved in the design of the filter. The
advantages of the 4-channel demultiplexer include the mean quality factor of 4525, mean channel power
transfer factor of 95%, and maximum and minimum channel cross-talk of -19.6 and -40.4, respectively. Also,
mean channel width is obtained as 0.375 nm. Moreover, the proposed 4-channel demultiplexer can be used
in WDM systems.

m The simulation-based teaching of these structures is very important to develop and improve the
multiplexers performance. Therefore, the related syllabus is suggested for master of science (MSc) students
in Electronic Engineering major. This syllabus can be considered as a part of Photonic Crystal or Photonics
courses.

In this paper, a 4-channel optical demultiplexer based on photonic crystal was studied. In
order to teach the theoretical principles and foundations which are mostly complex and its hardware
implementation is difficult due to technological limitations, the use of appropriate software environments
along with strengthening the basic knowledge required can Improve teaching-learning processes. For this
purpose, in this article, we tried to express the appropriate concepts of designing a four-channel optical
dimplexplexor system for effective training. Accordingly, the proposed principles and topics as well as the
prerequisites in the design were described. In the training section of the four-channel dimplex structure, it
was stated that a T-shaped input waveguide, square resonator rings and several output waveguides can be
used.
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Target group Software-based teaching
MSc students in electronic engineering major System title: Optical demultiplexers
Photonic Crystals
Analysis of electromagnetic waves in the periodic medium and investigation of photonic band gaps in
the photonic crystals

Theoretical syllabus

e Analytical and theoretical teaching of 1D, 2D, and 3D photonic crystal structures

e Theoretical teaching of two-dimensional Bravais lattice

e Theoretical teaching of waves and polarizations

e Theoretical teaching of photonic crystal principles such as lattice constant, filling factor, scaling, and
photonic band gap

e Analytical and theoretical teaching of Brillouin zone and related subjects

e Theoretical teaching of analysis methods for investigation of Maxwell equations in periodic mediums
such as photonic crystals

e Theoretical teaching of plane wave expansion and finite-difference time-domain methods

e Teaching of the R-Soft software

e  Other subjects related to the optics

Software-based teaching Additional topics
v’ Software-based teaching for resonators Photonic crystal review (photonic bandgap,
v’ Software-based teaching for photonic lattice constant, refractive index, so on)
crystal waveguides Defects
v' Software-based teaching for coupling Optical communications
between resonators and waveguides Optical multiplexers and demultiplexers
v’ Software-based teaching for bending Wavelength division multiplexing
v' Software-based teaching for photonic Dense wavelength division multiplexing
crystal beam splitters Line and ring resonators for optical

v’ Software-based teaching for photonic multiplexers and demultiplexers
crystal fibers (PCFs) Applications of optical multiplexers and

v’ Software-based teaching for photonic demultiplexers .
crystal sensors Important parameters such as quality factor,
transmission, cannel width, and FSR
PWE and FDTD methods
Experimental results
Other subjects
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Fig. 1: The syllabus and sections of optical demultiplexer by using software-based teaching method
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Table 2. Cross-talk rates between different channels in the 4-channel
demultiplexer (dB)

Channel Channel 1 Channel 2 Channel 3 Channel 4
1 - -22.8 -26 -27
2 -34 - -21.4 -26.7
3 -35.8 -31 - -19.6
4 -40.4 -35 -32.6 -

A )9 S mSluiles dulie 394

Table 3: Comparison of 4-Channel Optical demultiplexers
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Fig. 10: Cross-talk diagram in the 4-channel demultiplexer
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Table 1. Important parameters for 4-channel demultiplexer separated by each

channel
Channel Central Channel Quality Power
wavelengths width factor transfer (%)
(nm) (nm)
1 1540.3 0.3 5134 98
2 1547.9 0.3 5159 96
3 1555.8 0.6 2593 97
4 1563.8 0.3 5213 90




Tech. Edu. J. 13(4): 762-774, Autumn 2019

(YvY) VFUA ol oF o)las )V b o y5500] (5,5l ale a4 i

W e G e s on ngh iy Wi

Wik Hop
1PH9 % ERARN G wFAR/e

gz =1 ki 2 [0 0 ST RRA N R

Y B :

.

¥

re

..  EE S NN NN NN R R R R RN RN
- g e FIP I R

Al 0 1ene

g il B

®

eE

ik ]

ey

A

Hlqc

e g B —— :

g R R A N A N T N N YN
Cedbb e ae [EERRREE
(RN S NS NN NN NN INE N R RN

eI FHEEET
ez ) s ] 2 [0 0 ST R AARN HR

B R N N N N RN NI IR IR I I I I I ST AT B

L

Slillogs Jlloy p (Hie el 50 e o8 Y IS

Fig. 13: The 3 step in software-based education of demultiplexe

ﬂ(ﬂ{ﬂ a 0sm
iy 1 g, [PPGME N s, s i<
234 [mmes<om A LM<
ook k i 0713

Olod Jgazr Sialpngr o)L amio oo 5 al 5l ot 0l
w0l ,Sd gaie 40 Sl Jlesl 5l an foren Canl pdy oSl
eeblie JB3, 5 b zge Jsb (295 lajoged ooled lg5 (o
5 oadlive €gilw il plxil (saie 5wl 1) 0ns 2l Lisle
Dged (55l dd

oole Lol 5l (6,55 5 olal jo sl opl cols fau b awsl oY
r3e Jsb slo JUS 5| iy olass & ol oo igish Sl S
5 2Bl Cews oole ol yo AL F LSl b o0 S b g
aelys Jolo oSl o 55 (235 e Jsb Flb o
9 oo line J;ls «6)L“‘ Ay fl:u‘)) 44[4) )| la Ty Jg.‘a Q.»l PLERW
Jslo pl le 29,5 Oldi a5 (VY USE) 09 wles (g5l aeds
Gl 00l o Badss )l adsl Llas o

&35 Al
ez Sl o 0 S 38 05 (e (higel 4 allie cnl o
e 5 Jyol Ghigel jshite 4 ol ai3loy Sgigh Jw S Al
Gazg b ol g B8l o (g5lw ooly g 009 oduzmn Lo a5 (g kA

R R T T N T R NN
‘TeEsSTTRRTERTES ‘

-8 ."'.'...:‘.
R R N N R N T R N N R R R R R R N R I o)

Em|
@ !
' as 8o
: "rsesseneee
£
JOKTIUCT DURSIN [t DU SO SORE S YO ERCHNES N L R I L &4
Fig. 11: The 1% step in software-based education of demultiplexer
B oh Uity Wndcn Hep Law

EnnuTBee

- S e RAA
LR
.
]
re - - L e Wi x
s [ rsura pr—
[y | @ CRuFE CRAt | Holdwemo Emra ke
s 8 Coadm  FImEQE | faslsbe |
@ O OO etk b T
X :
bt T e
.
@ e Nt 1 |
™ T
8 [ . N
L b B e T
A ® b T
W ® irate [ 3
Wz o
im : = =
¥ 0
. .
N T T T T TN N Y]
L

Shelas Jf5iless p (n Ghsel 15 3 plS VY S
Fig. 12: The 2" step in software-based education of demultiplexer

hol Wil GBI b Llze A) glo zse Jsb kil ol ,0a=0Y -
Pt 55 w5l B sl 5 siagls YO VAPY L il (35,3
el yagilb YYA-Y N L

L ol ales Ol (o0 Sl Lo (quain S0 SLIL al> o cnl 500
Lol o ools HLas VO S jo clls cpl.cils p ksl (50 5
e 5 (9,7 5 899)9 p7ee Sbml 4 Ol (oo b ali (nl Slm
1y OxD bl b o pe Fagais S ol

b aloo 5l sty Slaisee i b alo o ol o V8 S5 illao &
25 o> 8l Sy o dbe lie 4 o alo (0l 5l Gl (o
Ol (o0 rizmen 0,8 esliiul g ol g Geisd Sl S LSl
S sl zae Job Olsn Oyge nl @ B ol i ) b alee glad
oled Syl Cews & 2 Job e 9,9 ad als bl



S. Olyaee et al.

oblCen 5 Jlle tres

oS lilloss Jl8le 5y (e (3gel o el p8 VP S

Fig. 16: The 6% step in software-based education of demultiplexer

Bk

o Shesillags J33oys e Bisel 5 e o5 NV S

Fig. 17: The 7t step in software-based education of demultiplexer

S ab oo WU ez Sl (b o0 JlSle Gijgel (i 5o
s Sunad gl il JSS T 60555 pezrse Gl Ol o0

355 o3l (29,3 p2ge Wiz g S5
5 Gl Gl Faais g sle abe gl s 5l eolinl L
zoe Job oS Cobl ((SasSy b alee sl lie (23S0
o509 Suop hb ol je Ko st el aidl se JSle o
AUl sy (b 59 9 it ploxsle o aed ol e
S zae Job ol 0B ons olprigy Sl e oo ol
355 led GEn3E 1 el VOPYA 00O NOFV,A NOF- Y
Ol el oolital LB zge Jobo pondi (oS (b 5o s
b0 V- o 4 AL e )0 lpnien (S g G i
AUS ez 55 CokeS s liee oSl ol s os Fo 5

i 9

i e ] DI e N e

| EV
ro .
-9 | .
am .
: ‘a
% .
eg - H .
ma eo 80 db Rl
2y sesait .
se s dr ‘e
seee g ‘.
.4 se 0 e di .
B8 e88a ‘e
... [ X} ..
ses e . . " . LX)
. bab LA () T T o

L.

eSlgillags Jl3le sy it Ghjsel y0 ooz o8 N E IS
Fig. 14: The 4% step in software-based education of demultiplexer

e e e RS S
ss s s s

e
LIEY
7 %
Ze .
am bl
.
> 5
L= -
M .
£ .
a
-
s .
@ Ca
‘sessses s ER LN EEELI LS
s

eSdillags I3l 5y e bjgal 50 i 5 N0 S
Fig. 15: The 5% step in software-based education of demultiplexer

S)IPE e la oo jloslinul il JSito (555L8 slo udgacs
Souter yo Wlgi o adgl 5L 9,50 slo ils Cogar ol jes 4 clie
obate e ay Bl 4Ll iy mi (5 S Sl- o0l slaan]
Sl o o8 wilebes b slio pralio wt xw alis ol o
Sl ol e 058 ol Fge Saisel sl 58 AU ez
hb 5o S 00 ol i 8 s ki sle Jad e s



Tech. Edu. J. 13(4): 762-774, Autumn 2019

VFUA ol oF o)las )V b o y5500] (5,5l ale a4 i

communication for optical communication networks course in
accordance with the syllabus of MSRT (Ministry of Science, Research
and technology). Paper presented at the 8" National Conference on
Education, Tehran, Iran; 2016. Persian.

[5] Talebzadeh R, Soroosh M. A high quality complete coupling
4-channel demultiplexer based o photonic crystal ring resonators.
Optoelectronics and Advanced Materials—Rapid Communications.
2015; 9(1-2): 5-9.

[6] Venkatachalam K, Kumar DS. and Robinson, S. Investigation
on 2D photonic crystal-based eight-channel wavelength-division
demultiplexer. Photonic Network Communications. 2017; 34(1):
100-110.

[7] Almasian MR, Abedi K. Performance improvement of wavelength
division multiplexing based on photonic crystal ring resonator.
Optik-International Journal for Light and Electron Optics. 2015;
126(20): 2612-2615.

[8] Alipour-Banaei H, Serajmohammadi S, Mehdizadeh F. Effect
of scattering rods in the frequency response of photonic crystal
demultiplexers. Journal of Optoelectctronics and Advanced
Materials. 2015; 17(3-4): 259-263.

[9] Olyaee S, Mohebzadeh-Bahabady A. Two-curve-shaped
biosensor for detecting glucose concentration and salinity of
seawater based on photonic crystal nano-ring resonator. Sensor
Letters. 2015; 13(9): 774-777.

[10] Mohebzadeh-Bahabady A, Olyaee S. All-optical NOT and XOR
logic gates using a photonic crystal nano-resonator and based on
interference effect. IET Optoelectronics. 2018; 12(4): 191-195.

[11] Gupta ND, Janyani V. Dense wavelength division demultiplexing
using photonic crystal waveguides based on cavity resonance.
Optik. Int. J. Light Electron Opt. 2014; 125(19): 5833-5836.

[12] Mansouri-Birjandi MA, Tavousi A, Ghadrdan, M. Full-optical
tunable add/drop filter based on nonlinear photonic crystal ring
resonators. Photonics and Nanostructures-Fundamentals and
Applications. 2016; 21: 44-51.

[13] Seifouri M, Fallahi V, Olyaee S. Ultra-high-Q optical filter
based on photonic crystal ring resonator. Photonic Network
Communications. 2018; 35(2): 225-230.

[14] Ghorbanpour H, Makouei S.
demultiplexer based on photonic crystal ring resonator. Frontiers of
Optoelectronics. 2013; 6(2): 224-227.

2-channel all optical

[15] Alipour-Banaei H, Mehdizadeh F, Serajmohammadi S. A novel
4-channel demultiplexer based on photonic crystal ring resonators.
Optik-International  Journal for Light and Electron Optics.

ol o] Cews 45 FAYD

Sisel s (b Gl Jolie ol b Alis cnl o rizen
aogs 8Ll I8 a5 lawsi G 3le et g 3Bl e (e
sloal ogue jslate 0 I8l e p (e (Bial 50 epe SIS
500381 5 n e Gl eyl Sale il ol s ol-posky
S5 Sk E9090 ;0 sskie (es 4 b (eSS gl el
L8 18 ey g B 09

Cudyl o
!Wavelength Division Multiplexing

2 Dense Wavelength Division Multiplexing
3 Plane Wave Expansion

% Finite-Difference Time-Domain

% Bravais Lattice

¢ Utility

7 Array Layout

8 Edit Global Setting

9 Symbol Table Editor

10 perform Simulation

LU SSWEPL LR g1 P

Sabls o8l iegh (ol )0l e S 4 B g ples

19505 g ,SiS
5 55 ey )l iy ol el oy Lo o LS el

le gilo a8

&L g (Pl
€zl oaid o By s Jawgs 8l o lad 4595 Zua?

»T.og@b.o

[1] Olyaee S, Hamedi, S. Theoretical and practical education of
nonlinear error separations in the measurement systems. Education
Technology. 2011; 6(1): 17-27.

[2] Blackmore A, Vasileiou E, Purva M. Simulation-based education
to improve communication skills: a systematic review and
identification of current best practice. Systematic Review. 2018; 4:
159-164.

[3] Olyaee S, Delphi G. Theoretical education of designing two-
channel demultiplexer. Paper presented at 4™ National Conference

on Research in Basic Science Education, Tehran, Iran; 2019. Persian.

[4] Ebrahimi F, Olyaee S. Teaching process of indoor optical wireless


https://www.researchgate.net/publication/320398626_Simulation-based_education_to_improve_communication_skills_a_systematic_review_and_identification_of_current_best_practice
https://www.researchgate.net/publication/320398626_Simulation-based_education_to_improve_communication_skills_a_systematic_review_and_identification_of_current_best_practice
https://www.researchgate.net/publication/320398626_Simulation-based_education_to_improve_communication_skills_a_systematic_review_and_identification_of_current_best_practice
https://www.researchgate.net/publication/320398626_Simulation-based_education_to_improve_communication_skills_a_systematic_review_and_identification_of_current_best_practice
https://www.researchgate.net/publication/279320472_A_high_quality_complete_coupling_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/279320472_A_high_quality_complete_coupling_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/279320472_A_high_quality_complete_coupling_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/279320472_A_high_quality_complete_coupling_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://dl.acm.org/doi/abs/10.1007/s11107-016-0675-7
https://dl.acm.org/doi/abs/10.1007/s11107-016-0675-7
https://dl.acm.org/doi/abs/10.1007/s11107-016-0675-7
https://dl.acm.org/doi/abs/10.1007/s11107-016-0675-7
https://ui.adsabs.harvard.edu/abs/2015Optik.126.2612A/abstract
https://ui.adsabs.harvard.edu/abs/2015Optik.126.2612A/abstract
https://ui.adsabs.harvard.edu/abs/2015Optik.126.2612A/abstract
https://ui.adsabs.harvard.edu/abs/2015Optik.126.2612A/abstract
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/
https://www.ingentaconnect.com/content/asp/senlet/2015/00000013/00000009/art00009;jsessionid=4fso06ma7ds8e.x-ic-live-01
https://www.ingentaconnect.com/content/asp/senlet/2015/00000013/00000009/art00009;jsessionid=4fso06ma7ds8e.x-ic-live-01
https://www.ingentaconnect.com/content/asp/senlet/2015/00000013/00000009/art00009;jsessionid=4fso06ma7ds8e.x-ic-live-01
https://www.ingentaconnect.com/content/asp/senlet/2015/00000013/00000009/art00009;jsessionid=4fso06ma7ds8e.x-ic-live-01
https://ieeexplore.ieee.org/document/8404858
https://ieeexplore.ieee.org/document/8404858
https://ieeexplore.ieee.org/document/8404858
https://www.infona.pl/resource/bwmeta1.element.elsevier-36aa6109-7a02-30ce-a289-f682e17e3572
https://www.infona.pl/resource/bwmeta1.element.elsevier-36aa6109-7a02-30ce-a289-f682e17e3572
https://www.infona.pl/resource/bwmeta1.element.elsevier-36aa6109-7a02-30ce-a289-f682e17e3572
https://www.researchgate.net/publication/304491423_Full-Optical_Tunable_AddDrop_Filter_based_on_Nonlinear_Photonic_Crystal_Ring_Resonators
https://www.researchgate.net/publication/304491423_Full-Optical_Tunable_AddDrop_Filter_based_on_Nonlinear_Photonic_Crystal_Ring_Resonators
https://www.researchgate.net/publication/304491423_Full-Optical_Tunable_AddDrop_Filter_based_on_Nonlinear_Photonic_Crystal_Ring_Resonators
https://www.researchgate.net/publication/304491423_Full-Optical_Tunable_AddDrop_Filter_based_on_Nonlinear_Photonic_Crystal_Ring_Resonators
https://dl.acm.org/doi/abs/10.1007/s11107-017-0732-x
https://dl.acm.org/doi/abs/10.1007/s11107-017-0732-x
https://dl.acm.org/doi/abs/10.1007/s11107-017-0732-x
https://link.springer.com/article/10.1007/s12200-013-0322-1
https://link.springer.com/article/10.1007/s12200-013-0322-1
https://link.springer.com/article/10.1007/s12200-013-0322-1
https://www.researchgate.net/publication/321797260_A_novel_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/321797260_A_novel_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/321797260_A_novel_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators

S. Olyaee et al.

oblCen 5 Jlle tres

WDM Systems. Journal of Optical Communications. 2018.

[23] Rakhshani MR, Mansouri-Birjandi MA. Design and simulation
of wavelength demultiplexer based on heterostructure photonic
crystals ring resonators. Physica E: Low-dimensional Systems and
Nanostructures. 2013; 50: 97-101.

[24] Zhang L, Jiao J. A study on effective math teaching strategy
design in hybrid learning environment. Springer. Hybrid Learning.
2011; LNCS 6837:221-223.

[25] Mehar H, Nebhnani N. Software based approach for classroom
teaching of electrical engineering courses: A case study. Journal of
Technical Education and Training (JTET). 2015; 7(1): 67-79.

[26] Aye KM. Simulation of power electronic converter circuits using
COM3LAB learning software in teaching: A case study. International
Journal of Trend in Scientific Research and Development (IJTSRD);
2018; 2(5): 133-137.

[27] Fallahi VA, Seifouri MA. A new design of a 4-channel optical
demultiplexer based on photonic crystal ring resonator using a
modified Y-branch. Optica Applicata. 2018; 48(2): 191-200.

[28] Barsary RG, Andalib A, Alipour-
Simulation 4-Channel Demultiplexer Based on Photonic Crystals

Banaei A. Design and

Ring Resonators. Journal of Artificial Intelligence in Electrical
Engineering. 2013; 2(5): 22-25.

2013; 124(23): 5964-5967.

[16] Alipour-Banaei H, Serajmohammadi S, Mehdizadeh F. Effect
of scattering rods in the frequency response of photonic crystal
demultiplexers. J. Optoelectron. Adv. Mater. 2015; 17(3-4): 259-
263.

[17] Talebzadeh R, Soroosh M, Kavian YS, Mehdizadeh F.

[18]https://www.researchgate.net/publication/305083103_
An_optical_demultiplexer_based_on_photonic_crystal_ring_
resonators

[19] Fallahi V, Seifouri M, Olyaee S, Alipour-Banaei H. Four-channel
optical demultiplexer based on hexagonal photonic crystal ring
resonators. Optical Review. 2017; 24(4): 605-610.

[20] Naghizade S, Sattari-Esfahlan SM. An optical five channel
demultiplexer-based simple photonic crystal ring resonator for
WDM applications. Journal of Optical Communications. 2017; 41(1)

[21] Naghizade S, Sattari-Esfahlan SM. Tunable High Performance
16-Channel demultiplexer on 2D Photonic Crystal Ring
Resonator Operating at Telecom Wavelengths. Journal of Optical
Communications. 2018.

[22] Kannaiyan V, Dhamodharan SK, Savarimuthu R. Investigation
of 2D-PC Ring Resonator-Based Demultiplexer for ITU-T G. 694.1

J. 2019; 13(4): 762-774.

€ http://dx.doi.org/10.22061/jte.2019.5027.2155

m (Vancoure): Delphi GH.A , Olyaee S, Seifouri M. [Software-based teaching of optical demultiplexers by
using photonic crystals with presenting the syllabus for MSc students in electronic engineering major]. Tech. Edu.

COPYRIGHTS

©@2019 The author(s). This is an open accessarticle distributed under the terms of the Creative Commons Attribution
[CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the original
authors and source are cited. Mo permission is reguired from the authors or the publishers.



https://www.researchgate.net/publication/321797260_A_novel_4-channel_demultiplexer_based_on_photonic_crystal_ring_resonators
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/fulltext
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/fulltext
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/fulltext
https://joam.inoe.ro/articles/effect-of-scattering-rods-in-the-frequency-response-of-photonic-crystal-demultiplexers/fulltext
https://www.semanticscholar.org/paper/Eight-channel-all-optical-demultiplexer-based-on-Talebzadeh-Soroosh/69f713e6e5325103e907d513933b74fa9d0218fc
https://www.researchgate.net/publication/305083103_An_optical_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/305083103_An_optical_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/305083103_An_optical_demultiplexer_based_on_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/318220111_Four-channel_optical_demultiplexer_based_on_hexagonal_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/318220111_Four-channel_optical_demultiplexer_based_on_hexagonal_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/318220111_Four-channel_optical_demultiplexer_based_on_hexagonal_photonic_crystal_ring_resonators
https://www.researchgate.net/publication/322341434_An_Optical_Five_Channel_Demultiplexer-Based_Simple_Photonic_Crystal_Ring_Resonator_for_WDM_Applications
https://www.researchgate.net/publication/322341434_An_Optical_Five_Channel_Demultiplexer-Based_Simple_Photonic_Crystal_Ring_Resonator_for_WDM_Applications
https://www.researchgate.net/publication/322341434_An_Optical_Five_Channel_Demultiplexer-Based_Simple_Photonic_Crystal_Ring_Resonator_for_WDM_Applications
https://www.researchgate.net/publication/322800689_Tunable_High_Performance_16-Channel_Demultiplexer_on_2D_Photonic_Crystal_Ring_Resonator_Operating_at_Telecom_Wavelengths
https://www.researchgate.net/publication/322800689_Tunable_High_Performance_16-Channel_Demultiplexer_on_2D_Photonic_Crystal_Ring_Resonator_Operating_at_Telecom_Wavelengths
https://www.researchgate.net/publication/322800689_Tunable_High_Performance_16-Channel_Demultiplexer_on_2D_Photonic_Crystal_Ring_Resonator_Operating_at_Telecom_Wavelengths
https://www.researchgate.net/publication/322800689_Tunable_High_Performance_16-Channel_Demultiplexer_on_2D_Photonic_Crystal_Ring_Resonator_Operating_at_Telecom_Wavelengths
https://www.researchgate.net/publication/257571862_Design_and_simulation_of_wavelength_demultiplexer_based_on_heterostructure_photonic_crystals_ring_resonators
https://www.researchgate.net/publication/257571862_Design_and_simulation_of_wavelength_demultiplexer_based_on_heterostructure_photonic_crystals_ring_resonators
https://www.researchgate.net/publication/257571862_Design_and_simulation_of_wavelength_demultiplexer_based_on_heterostructure_photonic_crystals_ring_resonators
https://www.researchgate.net/publication/257571862_Design_and_simulation_of_wavelength_demultiplexer_based_on_heterostructure_photonic_crystals_ring_resonators
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwisn5_Om7TtAhX9QkEAHbjfCs0QFjABegQIAhAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJF%2F37813980102&usg=AOvVaw3i4tUMY6S2DJK9Wd-ALf_5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwisn5_Om7TtAhX9QkEAHbjfCs0QFjABegQIAhAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJF%2F37813980102&usg=AOvVaw3i4tUMY6S2DJK9Wd-ALf_5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwisn5_Om7TtAhX9QkEAHbjfCs0QFjABegQIAhAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJF%2F37813980102&usg=AOvVaw3i4tUMY6S2DJK9Wd-ALf_5
https://www.ijtsrd.com/engineering/electronics-and-communication-engineering/15780/simulation-of-power-electronic-converter-circuits-using-com3lab-learning-software-in-teaching-a-case-study/khin-myo-aye
https://www.ijtsrd.com/engineering/electronics-and-communication-engineering/15780/simulation-of-power-electronic-converter-circuits-using-com3lab-learning-software-in-teaching-a-case-study/khin-myo-aye
https://www.ijtsrd.com/engineering/electronics-and-communication-engineering/15780/simulation-of-power-electronic-converter-circuits-using-com3lab-learning-software-in-teaching-a-case-study/khin-myo-aye
https://www.ijtsrd.com/engineering/electronics-and-communication-engineering/15780/simulation-of-power-electronic-converter-circuits-using-com3lab-learning-software-in-teaching-a-case-study/khin-myo-aye
http://opticaapplicata.pwr.edu.pl/article.php?id=2018200191
http://opticaapplicata.pwr.edu.pl/article.php?id=2018200191
http://opticaapplicata.pwr.edu.pl/article.php?id=2018200191
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiXqZztm7TtAhUGV8AKHQw-C9oQFjAAegQIAxAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJE%2F5063320130503.pdf&usg=AOvVaw0HsSN0VpCseWylbeli_B_g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiXqZztm7TtAhUGV8AKHQw-C9oQFjAAegQIAxAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJE%2F5063320130503.pdf&usg=AOvVaw0HsSN0VpCseWylbeli_B_g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiXqZztm7TtAhUGV8AKHQw-C9oQFjAAegQIAxAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJE%2F5063320130503.pdf&usg=AOvVaw0HsSN0VpCseWylbeli_B_g
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiXqZztm7TtAhUGV8AKHQw-C9oQFjAAegQIAxAC&url=https%3A%2F%2Fwww.sid.ir%2FFileServer%2FJE%2F5063320130503.pdf&usg=AOvVaw0HsSN0VpCseWylbeli_B_g

