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[1] A. Mohebzadeh-Bahabady, S. Olyace, “Designing low
power and high contrast ratio all-optical not logic gate and
investigating its use in optical integrated circuits,” Optical
and Quantum Electronics, Vol. 51, No. 3, pp. 1-13, 2019.

Ol oo Alide Glacdle 0 (29,5 5 (6999 95 amlie b

oo >k g,9 ples AND ke o8 sl p | o3G0l
oo w2 (295 6y OlgF Jloges (B) JS5 05l sy
39 a2 oo plid (shhate yro 5 G) (2,5 Sl g0 o,
CT=FF UM ojlosl 4y cl a0 (29,5 Oly hw a5 >
o azrg bdwy ogllas ojlwl 4 (295 zee b wiS (o0 Jobo
aloue VY s L il cdls ol jo 5 b ol o5 e oo
el SO ihie mhw 0 (29,5 a5 b y0 00 o
)|)_9 uj.UdA c.‘aw B L5>5)'> [ é}w‘sn G]a cT=4¢ pum o)"d.}‘
el XY PS Ll el ol ps 53 Gl a0 0,8
S ol an banye b gl olime oy s jo ol pl
S o oesle Jlamil #5409 aalgs </YY ps alate

LSl jo dgupe -0

Al ol ojlasl Fasais ol gl caslie olail o 5 oy (ol
edls 5l plas’ 2 0 5 ol ools jusd o3L g0 yo S Sdlg
B8 )3 iy 9,50 AND ahaio oS 5 Slec

ojlail yrals b Fosans gl o5 cwl sl gl Jsl o5l
b S5 (295 (V) Joozr 50 005 S8 alee glad
ghe s o it g b plp (295 Ol &5 S g
ojlal el 1l solod jo canl 0als 005l il o ate
Sl £ 0B g0, Cal U8 S

Saaid ol oS el oals a3 )3 by o Sl y0 pgs o5l

ol yo sl a8 s S asdlgs abwe glad rol38l b
59 g Sl a8l iol38l jaseie glacans b Fasais o glads
Ol polie cawl sals g pFojlul LSl g >
Jssz )0 s jio s SO L ply Sl 90 0 (295 )8
Sl ;S s Lo L85 50 bl () 50wl ool 00,51 (F)
9 ol e & ol 5l el LSS el ass o
slp i She o S 3 ppaa @ise sl
$U glad ol S el ppe i Sl IS ()
5o el ool QLEINVY L ol bals elads ojlail 4y Sagais
S A ol VARA laae S a0 g Sl

S S5 A -

5“;[—; PR e NPT r‘L"J AND c;“‘la“"" 2 ““"5 " alis u“ »°
So g e a5l L ad sl Se5e8 jsk Swass
b thie oS gile cwl oad JSis Fasans 6l



AN

(e dums g ol odliome sonlt Jaigh 1ol 1 ino (695 SlIAND  dilaio cuS’ 15

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

P. Rani, Y. Kalra, R.K. Sinha, “Design and analysis of
polarization independent all optical logic gates in silicon-on-
insulator photonic crystal,” Optics Communications, Vol.
374, pp. 148-155, 2016.

P. Rani, S. Fatima, Y. Kalra, R. K. Sinha, “Realization of all
optical logic gates using universal NAND gates on photonic
crystal platform,” Superlattices and Microstructures, Vol.
129, pp. 619-625, 2017.

E. Shaik, N. Rangaswamy, “Realization of XNOR logic
function with all-optical high contrast XOR and NOT
gates,” Opto-Electronics Review, Vol. 26, pp. 63-72, 2018.

M. Hussein, A. Tamer, N. Rafat, “A review on the
techniques for building all-optical photonic crystal logic
gates,” Optics and Laser Technology, Vol. 106, pp. 385-
397, 2018.

S. Afzal, V. Ahmadi, M. Ebnali-Heidari, “All-optical
tunable photonic crystal NOR gate based on the nonlinear
Kerr effect in a silicon nanocavity,” Journal of Optical
Society America B, Vol. 30, No. 9, pp. 2535-2539, 2013.

Z. Mohebbi, N. Nozhat, M. Khodadadi, “All-optical
simultaneous AND & XOR logic gates based on nonlinear
micro-ring resonator,” Journal of Modern Optics, Vol. 65,
No. 21, pp. 2326-2331, 2018.

Y. C. Jiang, S. B. Liu, H. F. Zhang, X. K. Kong,
“Realization of all optical half-adder based on self-
collimated beams by two-dimensional photonic crystals,”
Optics Communications, Vol. 348, pp. 90-94, 2015.

A. Mohebzadeh-Bahabady, S. Olyaee, “All-optical NOT
and XOR logic gates using a photonic crystal nano-
resonator and based on interference effect,” IET
Optoelectronics, Vol. 12, No. 4, pp. 191-195, 2018.

E. H. Shaik, N. Rangaswamy, “Single photonic crystal
structure for realization of NAND and NOR logic functions
by cascading basic gates,” Journal of Computational
Electronics, Vol. 17, No. 1, pp. 337-348, 2018.

Q. Liu, Z. Ouyang, C. Jung Wu, C. P. Liu, J. C. Wang, “All-
optical half adder based on cross structures in two-
dimensional photonic crystals,” Optics Express, Vol. 16,
No. 23, pp. 18992-19000, 2008.

M. Seifouri, S. Olyaee, M. Sardari, A. Mohebzadeh-
Bahabady, “Ultra-fast and compact all-optical half adder
using 2D photonic crystals,” IET Optoelectronics, Vol. 13,
No. 3, pp. 139-143, 2019.

M. Seifouri, V. Fallahi, S. Olyaee, “Ultra-high-Q optical
filter based on photonic crystal ring resonator,” Photonic
Network Communications, Vol. 35, No. 2, pp. 225-230,
2018.

A. Seyedfaraji and V. Ahmadi, “Improvement of hybrid
photonic crystal Raman amplifier using optofluidic
materials,” Journal of Applied Electromagnetics, Vol. 4, No.
3, pp. 56-64, 2016 (in Persian).

S. Olyaee, M. Seifouri, A. Mohebzadeh-Bahabady, M.
Sardari, “Realization of all-optical NOT and XOR logic
gates based on interference effect with high contrast ratio
and ultra-compacted size,” Optical and Quantum
Electronics, Vol. 50, No. 11, pp. 1-12, 2018.

(2]

(3]

(4]

(5]

(6]

[7] F.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

S. C. Xavier, B. E. Carolin, A. P. Kabilan, W. Johnson,
“Compact photonic crystal integrated circuit for all-optical
logic operation,” IET Optoelectronics., Vol. 10, No. 4, pp.
142-147, 2016.

M. Mansouri-Birjandi, M. Ghadrdan, “Full-optical tunable
add/drop filter based on nonlinear photonic crystal ring
resonators,” Photonic and Nanostructures-Fundamentals and
Applications, Vol. 21, pp. 44-51, 2016.

S. Olyaee, A. Mohebzadeh-Bahabady, “Designing a novel
photonic  crystal nano-ring resonator for biosensor
application,” Optical and Quantum Electronics, Vol. 47, No.
7, pp. 1881-1888, 2015.

H. Alipour-Banaei, S. Serajmohammadi, F. Mehdizadeh,
“Effect of scattering rods in the frequency response of
photonic crystal demultiplexers,” Journal of Optoelectronics
Advanced Materials., Vol.17, No. 3-4, pp. 259-263, 2015.

F. Mehdizadeh, M. Soroosh, H. Alipour-Banaei, “A
proposal for 4-to-2 optical encoder based on photonic
crystals,” IET Optoelectronics, Vol. 11, No. 1, pp. 29-35,
2017.

Parandin, R. Malmir, M. Naseri, A. Zahedi,
“Reconfigurable all-optical NOT, XOR, and NOR logic
gates based on two dimensional photonic crystals,”
Superlattices and Microstructures, Vol. 113, pp. 737-744,
2018.

Y. C. Ghadrdan, S. B. Liua, H. F. Zhanga, X. K. Konga,
“Reconfigurable design of logic gates based on a two-
dimensional photonic crystals waveguide structure,” Optics
Communications, Vol. 332, pp. 359-3653, 2014.

T. Baba, “Slow light in photonic crystals,” Nature
Photonics, Vol. 2, no. 8, pp. 465-473, 2008.

J. Ma, C. Jiang, “Demonstration of Ultraslow Modes in
Asymmetric Line-Defect Photonic Crystal Waveguides,”
IEEE Photonic Technology Letters, Vol. 20, pp. 1237-1239,
2008.

M. Ghadrdan, A. Mansouri-Birjandi, “Concurrent
implementation of all-optical half-adder and AND & XOR
logic gates based on nonlinear photonic crystal,” Optical and
Quantum Electronics, Vol. 45, pp. 1027-1036, 2013.

R. M. Younis, N. F. F. Areed, S. S. A. Obayya, “Fully
Integrated AND and OR Optical Logic Gates,” IEEE
Photonic Technology Letters, Vol. 26, No. 19, 2014.

N. M. D'souza, V. Mathew, “Interference based square
lattice photonic crystal logic gates working with different
wavelengths,” Optics and Laser Technology, Vol. 80, pp.
214-219, 2016.

F. Parandin, M.M. Karkhanehchi, “Terahertz all-optical
NOR and AND logic gates based on 2D photonic crystals,”
Superlattices and Microstructures, Vol. 101, pp. 253-260,
2017.

M. Hussein, A. Tamer, N. Rafat, “New designs of a
complete set of photonic crystals logic gates,” Optics
Communications, Vol. 411, pp. 175-181, 2018.

K. Goudarzi, A. Mir, I. Chaharmahali, D. Goudarzi, “All-
optical XOR and OR logic gates based on line and point
defects in 2-D photonic crystal,” Optics and Laser
Technology, Vol. 78, pp. 139-142, 2016.



Journal of Applied Electromagnetics
6 Vol. 1, Autumn & Winter 2018 (Serial No. 2)

Design of an All-Optical AND Logic Gate based on Photonic Crystal with
Small Dimensions Suitable for Integrated Optical Circuits

A. Mohebzadeh Bahabadi, S. Olyaei”

Shahid Rajaee Teacher Training University
(Received: 04/11/2018, Accepted: 05/03/2019)

Abstract

In this paper, using a two-dimensional photonic crystal, a compact and simple structure is introduced for an all-
optical AND logic gate. The designed structure consists of three photonic crystal waveguides connected by a
nano resonator. The nano resonator is formed by increasing the radius of the dielectric rod. Analysis and
investigations have been done using the finite-difference time-domain and plane wave expansion methods. The
plane wave expansion method is used to obtain photonic band gap and finite-difference time-domain method is
used to study the electromagnetic field behavior in photonic crystal structure. The advantages of this design are
small dimensions, the high possibility of realization, compatibility with silicone technology and high output
power in logical state of 1. The delay time of this gate is 0.32 ps. The minimum ratio of the received optical
power to the input power in logical state of 1, is 1.968 and the maximum ratio of the optical power to the input
power in logic zero mode is 0.492. So, the contrast ratio for the designed logic gate is 6 dB. The high output
power allows the logic gate to enable the next level logic gates and to be integrated into optical integrated
circuits. Considering the features mentioned, this logic gate can be used in optical integrated circuits.

Keywords: All-optical logic gate, nano resonator, optical integrated circuits, interference effect, contrast ratio,
response
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