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Abstract All-optical ultra-fast and reconfigurable logic gates have been implemented by exploiting simple and low-

cost schemes based on nonlinear optical loop mirrors (NOLM). Conventional NOLM-based all-optical logic gates
utilize the self-phase modulation effects or cross-phase modulation effects. Thus. types of logic gates that can be

Key words

achieved are limited by the low degree of freedom in reconstruction of the transmission function. Here, an improved
basic logic gates can be realized using a single NOLM structure. only by adjusting the polarization controller. Because

scheme of NOLM-based all-optical logic gate is proposed by exploiting the nonlinear polarization rotation in the

OCIS codes

NOLM. The evolution of the polarized state of light is analyzed as well as the effect of the polarization of the input
account. We demonstrate the feasibility of the scheme experimentally by realizing all-optical logic gates of “NOT”,

light and the polarization controller in NOLM. Theoretical analysis and numerical simulation results show that all the
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it is more free to rebuild the transmission function when the nonlinear polarization rotation effect is taken into
“AND”, “OR”, “NOR”, “XOR”, “NXOR” at 40 Gb/s operation.
signal processing; all-optical logic gate; nonlinear optical loop mirror; nonlinear polarization rotation;
high-nonlinearity fiber
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Fig. 1 Schematic diagram of optical logic utilizing the nonlinear transmission function
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Fig. 3 Simulation results of the transmission function. (a) When only XPM effect taken into account;

(b) effects of S; and S¢; (c) effect of ¢ and (d) effect of 0

HE— 2 25 IR AR DN 6 A O 1Y D Pk 25 e AE
NOLM g Ak . %t T i 9% 25 9 20 4 >R At g
BUUT R M 3 Mk o TE 2 WA A R4 T O IR 2 1
AT LA ARy IR 4 T8 i e AR 7 32 1R g o BIVRT LA
ABUAERE M, A1 M, RN . Ho

1 0 cos§ —sinf
e J
0 exp(—j$) sin @  cos 0

4
M, R M, 3 513 T AR P i A A RS 6 i 5%
FlEsE 0. E—A KM L0 B 3dB A5 A HAR Y
0 A A 5 o DU JIGE B o 60 396 B 06 7T DA 5 8 B BT R
e = R

Ao, Ao,
Acw = «/O-5[AO>:|v Accw :j \/O-S[AO i|9

€))
X Ao A, 23 B2 ASRDDEAE « Hy B4
LB BRI DKy T I SR (2 € o e P
] K A e AR A G £F 1 DR A RN Al b 7 AR A LR R
FAFS R T ERAE R FIOCET AR R AEARRE AT AR

Qo = yL (P e %P Cy ) ’

p—" (%PQ, + P ) (6

X Pe, M P, 735 FERIETE 2 Ay P4 3% T7

0506003-3



o % % it
i) BB Rk A 3 S o R b 5 1 R I 6 S 37 AT AR
exp(jep,) 0 }[AOJ }: L[AOJ cos fexp (o, ) — Ay, sin exp[j(¢p, — go)]} 7
0 exp(o,) LA, 2 LA, sin fexp(jg,) + A,y cos fexplj(p, — @) 1
X 30 B Ay 1] I S o Hhy I S R S S Ry Il A A T A 2w L XPML RO o U 7E 7 G i
WA 1 I e e T AR R

A( - i(MzM])[

i 0z 1 Ag.cos §— Agysin
Allw :*(Mle)[ :|:_*{ . . }
2 Ao, 2 L(Ay, sin 0+ Ay, cos D) exp(— jp)
B, 3% 615 5 el LR hy
AT = (Aly + Altw). (9)
S SCAR DN A ﬁﬁﬁ%;& Sy =P,/ (P, +Po,) M NOLM ()35 5 0] L £ R A

Twr = |AY |?/P, = ? {14 S, [cos*dcos @, + sin’fcos(p, + $) ]+

€))

(1 —S,) [cos’fcos ¢, + sin*fcos(p, — $) 1+ /S, /(1 —S,)cos Osin [ 2 + 2cos(p, — ¢, + ) —
cos @, — cos ¢, — cos(g, +$) —cos(p, —$) ]}. (10)

XHE.NOLM 7E XPM % 0w A e ail - 22 30 0 i 38 25 G,
) JE B J Ak o BV A 2 1 O IR 0 R RN . A R b e
SCEE G B O 35 43 R B Se L ML S R 5T | S, s 3 SLIG R aE R

PesSe,0 ftd A~ A i EER ] AT 4 NOLM NP 4 T NOLM [y 4 0638 4 1 95 4%
U S RSN LS B, 615 5 4 A B % 2 (DFB) 2 5 1k 0k #%

PR ok S R BT IE P AE NPRAE (LD AR B ER(Z B0 A R B AR ESE G C 433
JA NOLM 3% 4t fe i i . [B5E 0=0. 57, 8= T ¢ 1552.5.1553. 3.1550 nm. A I B % 3 dB

meSe =1, A8 Sos BV A G IR RS WAL 3Ch) T 44 B0 A o 5 3 AT ok — 09 784K T80 [ LiNbBO, % 2%
INo AT LUK B S AR i eR B RERBEE S 1A/ FEPR 4 (MZMD . 32654 MP1800A 74 10 Gb/s
T A8 2% WG B 4n SR F — 259855 Se o B4 i 56 0 D Pl AL RS $ (5 B, i 2 E H $) 40 Gb/s 7
PR W3 A i o A AR 3 R DA — 2B s/ . T W D BEHLES S5 X5 506 A f B SEAT IR . e PR 5
Bl E 0=0.57.Sc=1,So = 1. A ¢ H T BB S H% PCL A PC2 40 B TIHEE 506 A ffE 5t
R BCNE 3O R, ATRVEH GBS ¢ B MIRIER . LU IE MZM X 7§ A i K (5 5% i
DA AR O 12 il 06 ) 2 4F F NOLM 138 O R 52 g sk 2 e K. WHHE E 508 A g5
MBS & % . &)e, B ¢=n,Sc=1, St B R 43 % 52 2% (WDND i 5 1 5 4% 6 1%
So=0.5, 7% 6 {8, 15 5 (1) 75 5 1% i oR B & 3(d) HpF5H B & — BB it 2k (ODL) ffi 135 5
Fis . AIOL 6 A Lk — 2081 NOLM 19 i& &% St A M B ZHMEF AR . TS WESE B
PRECRRIE . PR ZE AT 0.6.S I R [F506A &l WDM & 5 . R IRB LT ik
Al 5 A [) A 194 4% i R S LA 552 AN ) i) Al 2 Kes(HP-EDFA) it K & 25. 4 dBm., 1 2 #5416 3

NOLM

B 4 FF NOLM it NPR N (¥ A 5 A4 3% 5 ] 52 56 25 8 &
Fig. 4 Experimental setup of all-optical reconfigurable logic gate based on NPR effect in NOLM
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Table 1 Comparison on electric SNR of input and output signal of reconfigurable logic gate based on NOLM

A B A B A-B A+B ATB AQB A®B

SNR 6.6 6.7 6.5 6.4 5.8 6.1 5.9 6.0 5.7
50ps M1 NOLM i 5 38 B0 f5 0 5 1k A T 503 15
@ A4 M ST TS AR5 AR B 6 T T4 M 52 0 G L B 4L 3

0000011000011 1010010
L |

@)BWM
10011001001 100000110

@ 1 LT AW

11111001111000101101

|

@

&

0110011011001 1111001

&, A

(e) A*B Vi —
000000000001 00CO0OO0OTI1O

r——

#® A+B
1001111100111 1010110

""\ LB & s
(g) A+B V \H.-hn-—--f A \\.’J 4
1100000110000101001

(h) A®B
10011111001011010100

" ;G < j“r’!
@® A®B j M v KJ% AV
01100000110100101011
B 5 HiAfES 6 AB K& FAL G2 85 & o B
Fig. 5 Waveform of the signal A, B and various

combinational logic gates output

4 4 2

P T —FE B A A NOLM Hr NPR &L
(i R] A A GB T . TR BRSBTS
B {5 BLIE BH . 2% f NOLM (% NPR & , i 3 1
P A A 4 S R B b ) i A 4 1 R T DL R TR

SEESE IR T PIEE 40 Gb/s WEUIE AR 5 Z A <R
REC RN AN (RN~ A i 2. 1 HﬁiETﬁ
FHYFATPE . NOLM {9 JF 56 8 4 1] 35 F. B2 A
Iﬁtxﬁﬁﬁﬁ%%%fﬁﬁiﬁl‘iﬂﬁﬁﬁﬂL@ittt
Fr LA b R T S B R (R S
b BB —Fh BA WG| At S BT

& F X
1 T. Kobayashi, A. Sano, A. Matsuuraet al.. 45.2 Th/s C-band
WDM transmission over 240 km using 538 Gb/s PDM-64QAM
single carrier FDM signal with digital pilot tone [ CJ. 37th
European Conference and Exposition on Optical Communications,
2011, Th.13.C.6
2 K. Bhambri, G. K. Jayjee, N. Gupta et al..
for SOA-based all-optical NAND gate [ C]. 13th International
Conference on Transparent Optical Networks (ICTON), 2011,
Tu. P. 15
3 Jianji Dong. Xinliang Zhang, Jing Xu et al..

A novel approach

40 Gb/s all-optical
logic NOR and OR gates using a semiconductor optical amplifier:
experimental demonstration and theoretical analysis[J]. Optr.
2008, 281(6) . 1710~1715

Guifang Li.

Commun.

4 Zhihong Li,
gates based on four-wave mixing in a semiconductor optical
amplifier[ J]. IEEE Photon. Technol. Lett., 2006, 18 (12):
1341~1343

5 Lilin Yi, Weisheng Hu, Hao Heer al. .
multi-logic gates based on nonlinear polarization rotation effect in
a single SOA [J]. Chin. Opt. Lett., 2011, 9(3): 030603

6 Han Bingchen, Yu Jinlong., Zhang Litai et al. .

Ultrahigh-speed reconfigurable logic

All-optical reconfigurable

The experimental
research on 10 Gb/s all-optical half-subtracter by using
semiconductor optical amplifier[J]. Acta Optica Sinica, 2009,
29(8): 2082~2086

0506003-5



2 M

BNE, THE, k. AAESAOLHCR SR SEH 10 Gb/s 42
ek AR Al G BRI PR [T]. k¥ F . 2009, 29(8):
2082~2086
7 S. Singh, L. Lovkesh. Ultrahigh speed optical signal processing
logic based on an SOA-MZI [J]. IEEE J. Sel. Top. Quantum
Electron. , 2011, 18(2) . 970~977
8 S. Kumar, A. E. Willner, D. Gurkan e al.. All-optical half
adder using an SOA and a PPLN waveguide for signal processing
in optical networks [ J]. Opt. Express, 2006, 14 (22):
10255~10260
Ning Chunmei, Yang Aiying, Shen Shikui e al.. Study on

©

waveband optional optical sampling based on chirped periodically
poled LiNbO; waveguide[]]. Acta Optica Sinica , 2010, 30(11) ;
3270~3275
T MR, Yottt 4 S, BE T 0 OBk R IR 1 4 1 4 U B T
FEARAEF LI, R 5, 2010, 30(11): 3270~3275

10 D. M. Lai. C. H. Kwok, K. K. Wong. All-optical picoseconds
logic gates based on a fiber optical parametric amplifier[ J]. Opt.
Express, 2008, 16(22): 18362~18370

11 Luo Xuan, Jiang Yang, Yu Jinlong et al.. Simultaneous optical

—_

signal dropping and cleaning by utilizing four-wave mixing effects
based optical logic gate in optical fiber[J]. Acta Optica Sinica .
2010, 30(9): 2524~2528
e L B TEE S B TORET i R AR R G R ]
WfES F 2R EBCS B LT] &% %k, 2010, 30 (9):
2524~2528

12 G. Theophilopoulos, K. Yiannopoulos. M. Kalyvas e al..

40 GHz all-optical XOR with UNI gate[ C]. 2001 Optical Fiber
Communication Conference and Exhibit (OFC), 2001, MB2.
1~3

13]J. N. Roy, D. K. Gayen. Integrated all-optical logic and
arithmetic operations with the help of a TOAD-based
interferometer device-alternative approach [ J]. Appl. Opt. .
2007, 46(22) . 5304~5310

14 Xie Sheng, Guo Weilian, Li Xianjie et al.. Design and fabrication
of InP-based low threshold microring laser with wunique
unidirectional bistability operation[J]. Chinese J. Lasers, 2011,
38(3): 0302011
W AR, SBYERE, AERAS . InP SLAK B A XU S TAE RO
Bot i S 00]. FEsok, 2011, 38(3): 0302011

15 P. Phongsanam, C. TEEKA, S. Mitatha e al.. Simultaneous
all-optical logic AND and OR gates using photonic circuits[ ] ].
Opt. & Photon. Lett. , 2011, 4(1); 17~24

16 E. A. Kuzin, N. Korneev, J. W. Haus e al.. Theory of
nonlinear loop mirrors with twisted low-birefringence fiber[J]. J.
Opt. Soc. Am. B, 2001, 18(7): 919~925

17 O. Pottiez. E. A. Kuzin, B. 1 Escamilla. Highly flexible
switching characteristic using nonlinear polarization rotation in a
nonlinear optical loop mirror [ C]. Conference on Lasers and
Electro — Optics/Quantum Electronics and Laser Science and
Photonic Applications Systems Technologies, 2005, JTuC8

18 N. J. Doran, D. Wood. Nonlinear-optical loop mirror[J]. Optz.
Lett. , 1988, 13(1): 56~58

EERE: # 4

0506003-6



