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Study on phase difference of all-optical logic XOR gates
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(1. Shandong Provincial Key Laboratory of Laser Polarization and Information Technology, Department of Physics, Qufu Normal
University, Qufu 273165, China; 2. State Key Laboratory of Functional Materials for Informatics, Shanghai Institute of Microsys-
tem and Information Technology, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: In order to optimize the phase difference of the all-optical logic gates, the phase difference of all-optical logic
exclusive OR (XOR) gates was studied. Firstly, the refined sectionalized model was used simulate the dynamic process of quantum-dot
semiconductor optical amplifier (QD-SOA). Secondly, the Newton method and the four-order Runge-Kutta method were used to solve
the three-level transition rate equations and the light field transfer equations. Finally, an all-optical logic XOR gate based on quantum-
dot semiconductor optical amplifier Mach-Zehnder interferometer ( QD-SOA-MZI) was implemented. The influence of the length of the
active regions, the maximum modal gain, input pump power and input pump pulse width on phase difference of probe signal through
two arms of the interferometer was studied in detail. Moreover, the relationship between phase difference of the probe signal and output
optical power was also discussed. The results show that, with the increase of the length of the active regions, the maximum modal gain
and input pump power can lead to improve phase difference of probe signal through two arms of the interferometer. With the increase of
input pump pulse width, phase difference of probe signal through two arms of the interferometer increases at first and then decreases.
When the length of the active region is 2.0mm, the maximum modal gain is 3000m ", the input pump power is 5dBm, and input pump
pulse width is 1.0ps, the maximum phase difference of probe signal through two arms of the interferometer increases 0.3277. Output
optical power also can be improved by the increase of probe signal phase difference. Phase difference of the detected light can be
increased by optimizing the parameters. Output light power increases with the increase of the phase difference of the probe. This study
provides a reference for improving the quality of conversion signals.
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Fig.2 The refined sectionalized model of QD-SOA
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Fig.3 Structure diagram for all-optical logic XOR gate based on QD-SOA-
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Table I ~ Truth table of XOR gate

A B C(A®B=0C)
1 1 0
1 0 1
0 1 1
0 0 0
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Table 2 Parameters for numerical calculation

parameter value

optical confinement factor I” 0.5
absorption coefficient of the material a;, 300m !
thickness of wetting layer L 0.2um

surface density of QD N 5%x10%m™2

spontaneous radiative lifetime in QD 7, 0.4ns

spontaneous radiative lifetime in WL 7 2ns
electron escape time from GS to ES 7, 1.2ps
electron relaxation time from ES to GS 7, 0. 16ps

electron escape time from ES to WL 7, Ins

electron relaxation time from WL to ES 7, 3ps
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Fig.4 Calculation results of all-optical logic XOR gate based on QD-SOA-
MZI
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Fig.5 Phase of probe signals through two arms of MZI
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phase differences: 0.03, 0.08, 0. 157
2.3 FERNESHEENER

1P 108 FF 5% , 44 325 56 00 A% 8 R, o
QD-SOA 775 X PG A1) B0 - 1 1 A2 A

LA L e s e B e B e

F T 11
0.3-a s
0 2; __ phump B

. P =0dBm nN

pump

=5dBm

pump

0.1L = p
g 00
-0.1
-0.2}
-0.3
0.4k,
g 16
0.34—' T LI LI - 1
0.32[-b -
0.30_‘ /.) 7
0.28
0.26
0.24]
0.22-
0.20
0‘8 1 | 1 | - | I 1 1 1

-6 -4 =2 0 2 4 6
P /dBm

pump

.....

N\

¢ma\' In

A

Fig. 10  a—relationship between phase difference and time with different
pump power b—relationship between phase difference and pump

power



664 Mook H R

2018 /£ 9 H

SR PG AR, S EGE SO i TR QD-SOA, F1
QD-SOA, il J5 7= A= By AH AL 2535 Ko 8] 10b i —
AL T ERIDEAR G 22 Sz G R MK R, itz
ok - 5dBm B, 5 G 1 i K AH AL 2 N
0. 19337 ; 244118 Y6 2 %k 0dBm Bf, FRIM 5 8 F5c KA
fi2E0 0. 271 s iz 2 2 SdBm B, FRI 6 1Y)
KA 220 0.3277 7w, L, B T2 ST R 588,
PRI AR 223G K o

L1 e 7 R0 O e KA A 22 43 1l 52 0. 20,
0.25,0. 30 W 1% BB MR o H ETRT AN, B b Ot
TR 2 RIS AR 22 (TG 23R 5E 1) e
KAAGEZE K 0. 20 I, i 3 G (D) 2 8 2. 6882 x
10 ~*dBm; ¥R M6 KARNZE M 0. 257 B, i i
{E IR Ny 4. 4908 x 10 ~* dBm ; MM e KA 22 N
0.30m B}, % GG E IR K 7. 3254 x 10 *dBm, X
S BN Bt T2 6T FE AN W O, AR DD AH A7 25 AN iy
0, B TR T AR AR 22 I AR AT 5 | RS i
SCYIER AR o i LAY BRI AH A7 22 3G KB, i e 't
DIE VN[5 NS

L R S R N L B B B N B

7200 —¢, =020ms L.
- 5‘00__ - (15“1360.251:'3:t H i
S 4.80- ”"‘¢{..ax-0-30“g.:‘ '; ]
T 3.60- ;“{ % A

P

5 2.40-
1.20 Rl
0.00

PR I I S B | | I | 1

107720 30 40 30 60 70
t/ps

Fig. 11  Relationship between output optical power and time with different

phase differences: 0.204r, 0.25mw, 0.307

2.4 BHEESHEMLENXR

K 12a S 7n T k9 B 24 0. 10ps, 0. 90ps, 1. 50ps
IS A5 P A A7 22 B s ) ) AR A R . pl FRTRT 6, ok e
B E AN [R) B I A5: %) B ] 722 Ak R AR A 2R (AN ] o 3%
2 B TR AR R ) DR S bk o G B (A
BT LR AR SR AT, T H AR I AR R,
SECAALZE PG O 5 {H 2 24 Dk v 5 5 4 R 3] — i e
JFEI A U5 DX PN A8 Mk B AR A B I % , AR 3 2
G2 8N 1 12 BT I S5 s RN R A3 22 Bl ik
MhFE AL . A4 ik S8 A 0. 10ps I, 58300
R AL 22 4 0. 09785 24 ik i 5 B2 2 0. 90ps 1,
PRI ' 19 Je K AR AL 22 2 0. 19307r; >4 Jik v 5 B2 Ky
1. 50ps B, ZRIMSG A F5 KARAL 224 0. 1904w, Hy 1 AT
D, 25k i B 1 ORI BRI GAH 7 22 56 R Z 5 T

0.20Fr" T

ta = =0.10ps
0.151- - .wg=0.90ps .
0.101- — o= @,=1.50ps A ]
0.05- Loty :
2 k- P - 3
= 0.00 = v
< 3 l RS~ 1
—0.05'_“ "'l " e ]
—O.le bl ',: n
~0.151- N .
_0-2O~\ [ B | 4‘ I N H N R )
10 20 30 40 50 60 70
t/ps
0.217 7T T T T T T T ]
0.20: b m-meEeememog.g ]
0.19f _m-" "
0.18- - ]
0.17 _/ 7
kB 0.161 B
£0.151 / E
e 0.14 - 7
0.13 E
0.12 B
0.11[ B
8(1)g'_ | . [EPI R N NP R U B | R
“70.002040608101214106
,/ps

Fig. 12 a—relationship between phase different and time b—relationship

between with phase different and pulse width

-G AR o

e 13 R, SR o R AL 2208 0. 14w
o, 4 A CIAEE %) 8. 4200 x 10 7> dBm s 4 e 1
HRORABLZE N 0. 19 I, B OB Ay 2. 1935 x
10 ~*dBm,, W] LREZE ARG 22 13K, i R R
RO H TR TG BE , SRR (7 25 2 R AR U, &
TR, I AR 37 22 10 22 A 2 728 g i 1 D' oy
SR, DI (7 i 3 ' 2y 25 B 2 A A6Z 22 1 6 K
K.

I N I A P A B

out
-
W
=)
T T

P S P R P B AN
10 20 30 40 50 60 70
t/ps
Relationship between output optical power and time at different

phase differences

3 4 i

FET QD-SOA 1458 SUR A I8 i) 007, FII T MZI &5
5B T AT QD-SOA-MZI iy 462 457 i) T fiE
ST T aE TS T PR RIS AR AL 22 R A
FHOLZE XS G D AR KR . BB S R ] - B



42 &

5 WK AT

B R B AR 22 AR ST 665

EAUXRE R o LA A A iz Y o R 1
WK, S EOE i T AP AR 25 I i ) AR
AR RR AV 2 3 K 5 2l e Jk i 5 BE 3 R, 2RI E AR
ZESEHER M JE TP Z 5 AW N T3 it — 2%t
R AR 7 22 55 0 HHOL T R Z (8] 9 56 REAT T #8

o

BRAUSE R, 3 1 0P 2 1 R PRI D ) A o7

2=, AT L OB DR R

(1]

(2]

[3]

(4]

[5]

2 F X #t
CHEN D, WANG R, PU T, et al. A novel thresholder based on
XGM effect in a DFB laser combined with external optical filtering
[J]. IEEE Photonics Journal, 2016, 8(1): 1-7.
SHI Sh Sh, WANG H L, GONG Q, et al. Refined sectionalized
method of QD-SOA[ J]. Optik—International Journal for Light and
Electron Optics, 2014, 125(1) . 504-507.
SINGH P, TRIPATHI D K, JAISWAL S, et al. Designs of all-optical
buffer and OR gate using SOA-MZI[J].
tronics, 2014, 46(11) ; 1435-1444.
ZAJNULINA M, LINGNAU B, LVDGE K. Four-wave mixing in

quantum-dot semiconductor optical amplifiers; A detailed analysis of

Optical and Quantum Elec-

the nonlinear effects[ J ]. IEEE Journal of Selected Topics in Quan-
tum Electronics, 2017, 23(6) ; 1-12.

KOTB A. Simulation of high quality factor all-optical logic gates based
on quantum-dot semiconductor optical amplifier at 1Th/s[J]. Op-
tik—International Journal for Light and Electron Optics, 2016, 127
(1):320-325.

CUIL L, WANG H L, LI W, et al. Study on gain recovery time of
wavelength conversion based on single-port-coupled QD-SOA[ J]. La-
ser Technology, 2016, 40(5) ; 742-745 (in Chinese) .

AMOR L. All-optical networks: Security issues analysis[ J]. Journal
of Optical Communications and Networking, 2015, 7(3) : 136-145.

TAN H N, INOUE T, SOLIS-TRAPALA K, et al. On the cascad-
ability of all-optical wavelength converter for high-order QAM formats
[J]. Journal of Lightwave Technology, 2016, 34(13) ; 3194-3205.

MATAUURA M, OHTA H, SEKI R. Experimental investigation of
chirp properties induced by signal amplification in quantum-dot semi-
conductor optical amplifiers[ J]. Optics Letters, 2015, 40(6) ; 914-
917.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ALIMOHAMMADI F, YADIPOUR R, ABBASIAN K, et al. THz-
assisted instantaneous gain switching in quantum dot semiconductor
optical amplifiers[ J]. TEEE Photonics Technology Letters, 2015,
27(3) . 288-291.

EYAL O, WILLINGER A, BANYOUDEH S, et al. Static and dy-
namic characteristics of an InAs/InP quantum-dot optical amplifier
operating at high temperatures[ J]. Optics Express, 2017, 25(22) .
27262-27269.

YANG W H, WANG H L, WANG Zh X, et al. Wavelength conver-
sion efficiency of quantum dot semiconductor optical amplifier[ J].
Acta Optica Sinica,2017,37(4) :0406005 (in Chinese) .

CHEN TT, WANG HL, LIUS, et al. Theoretical study on chirp of
wavelength conversion based on QD-SOA [ ] ].
2016, 40(2) : 292-295(in Chinese).
NURMOHAMMADI T, ABBASIAN K, AS’ ADI M J, et al. Design
of an ultrafast all-optical NOR logic gate based on Mach-Zehnder in-

Laser Technology,

terferometer using quantum-dot SOA[ J]. Optik—International Jour-
nal for Light and Electron Optics, 2014, 125(15) : 4023-4029.
TALEB H, ABEDI K. Design of a low-power all-optical NOR gate
using photonic crystal quantum-dot semiconductor optical amplifiers
[J]. Optics Letters, 2014, 39(21) : 6237-6240.

SINGH P, TRIPATHI D K, DIXIT H K. Designs of all-optical NOR
gates using SOA based MZI[ J]. Optik—International Journal for
Light and Electron Optics, 2014, 125(16) ; 4437-4440.

GAYEN D K, CHATTOPADHYAY T. Designing of optimized all-
optical half adder circuit using single quantum-dot semiconductor op-
tical amplifier assisted Mach-Zehnder interferometer[ J]. Journal of
Lightwave Technology, 2013, 31(12) : 2029-2035.

GAYEN D K, CHATTOPADHYAY T. Simultaneous all-optical bas-
ic arithmetic operations using QD-SOA-assisted Mach-Zehnder inter-
ferometer[ J]. Journal of Computational Electronics, 2016, 15(3) .
982-992.

KOTB A, ALAMER F A. Dispersion on all-optical logic XOR gate
using semiconductor optical amplifier[ J].
lectronics, 2016, 48(6) : 1-10.

HU Z, XIANG B, XING Y. Optical gain depending on both size
fluctuations of quantum dots and temperature in InGaAs/GaAs QD-
SOA[J]. IEEE Transactions on Electron Devices, 2017, 64(9) .
3683-3689.

Optical and Quantum E-



