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1 RHETESH
Table 1 Main system parameters
Parameters Value Parameters Value
Line-width enhancement factor a 3 Duty ratio R 0.5
field decay rate & 300 Polar angle 0/x 1/2
Spin relaxation rate y,/ns ' 50 Azimuth ¢/(°) 0
Nonradiative carrier relaxation y./ns ' 1 The noise strength D 10°
Dichroism y, /ns™' —0.1 Poled period of crystal A/m™" 5.8X10°
Birefringence y, /ns ' Crystal length L/mm 15
Delay time z/ns 2 Refractive index of o-light n, 2.24
Delay time z./ns 5 Refractive index of e-light 7, 2.17
Bit duration time/ns 10 Differential material gain g/(s*m ") 2.9X10 "
Effective area of light spot S,/pm’ 38.485 wave length A,/nm 1550
Length of the laser cavity L,/pum 10 Field confinement factor to the active region I 0.05
Effective refractive index of active layer n, 3.6 Optical feedback strength £/ns ' 1.13
Volume of the active layer V/pm?® 384.85 Optical injection strength k,;/ns "' 1.13
<( I,y (t—170)— <ID1',Dy (t— ¢ )>>(IRI,Ry (r)— <IR1,Ry (¢ )>>>
Py = (13)

[ 1 200 (L (= 20 (i (= (T () )]

i, FFED,,D,, R, AR, 25 E R 2-PCyy, y-PCpy, 2-PC il y=PCrs TR R W58 H 1,0, (1) =|Ep, 0, (D
L iy (O =|Eq o (O s or=1- 73 fF 5 << >R KB R BE ;2-PC, 5 a—PC I [ 2032 22 1 SE (1) £IR , H SE,
(0)=1,, ()T, (t+7) T ; W y-PC, 5 y-PC W [R5 1% 25 SE (1) =1,,,(1) L, (t+ 7)) T T~ 5 0, , 9 BUH Y
BIfE 0B 1 22 8], HL e RO B O 28 DR D W) 25 ot it bk g, [R) AP iR 22 /N, Yo, ,=10],SE . (1)=SE,(1)=

0, KWL T 58 ML 2L, BIAT

IKI‘R_)I( t+ T’r) :Il).l,l)y( 1)

(14)

J Tk D-VCSEL #1 R-VCSEL g 52 SR i &8 4 i, Bl 2-PC,, . y~PCy - PC Ml y-PC A TR A 31
BT ENHESHCS 8] EF 0, W) 1 RS2 25 /R i 20 KTl i 2-PC,, y-PCy a—PC Ml y-PCy
T2 055 6] P 3 A8 2 5 B YR 1l 45 (Chaotic State, CS) F1E J# 1] 45 (Quasi-Periodic State, QPS) . ix ., 3&A]
HETERMESBIXE ., K 2(a)d, pu 78 X 8] 1~1.49, E,7E X 8] 0.04~0.25 kV/mm, 8 0.3~0.53 kV/mm, 5§
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Fig.2 Dynamic state evolutions of polarized light x-PC,,,, y-PC,,;, 2-PC, and y-PC, in the parameter space E,, and y,,
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0.62~0.87 kV/mm, 58 0.91~1 kV/mm 2 fL i} , 2-PCp, ¥ AR A . K 2(b) 24 E, K F 0.021 kV/mm B},
yPC B A FIRMAE . Bl 2() W, pu £ 1~1.49 K[ N A= fk , H E, 7 F X 8] 0~0.26 kV/mm, 3¢ 0.33~
0.53 kV/mm, & 0.58~0.87 kV/mm, 8, 0.92~1 kV/mm i , z-PC, H iR % . 8 2(d) h, E, 76 X [8] 0.03~
1 kV/mm 28 fLit, y-PC ¥4 TR .
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LA H o, F1 o, ) T8 A8 L300 R SOMTIR) , 910400 224 R 3 /N T 1.2 Bsf, Bt 25 A1 el 3 840 38 T 084 K, AH C PR o, A1 o, 38
/N AR O~1 B PR AR 35 , 2 B 9 i 31 43 £ 09 ] 28 o 22 HANER O s Y LU KT 1.3 B, W 0 % 43 3 1) o6 42 TR
T [7) 25 Bifi A0 Jonn e 375 DA O 328 7 185 DR 31 1m0 2 B o e 4 PR Y 28 4, i B 7E X 0.01~0.1 kV/mm, 8 0.21~
0.37 kV/mm, 5 0.5~0.68 kV/mm, 5 0.8~0.98 kV/mm 28 fb I , 4 56 5K 5 o, Ml o 1H 4 1,

E /(kV-mm™)
E,/(kV-mm)

(a) The evolutions of p_ (b) The evolutions of P,

B3 A6 % B A A 3 (B A e 3 e T — b N U A HY B A R R
Fig.3 Dynamic evolutions of the correlation function within the parameter space of the applied electric field and the normalized

injection current
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B34 0.434 3 kV/mm 8 0.73 kV/mm 5 1 kV/mm i}, o, il o, bt I3 — £k 3 A HL R B4 386 R 25 36 B0 4 Ry T 271
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Fig.4 The evolution curves of the correlation function with the change of the normalized injection current when the applied
electric field is 0.434 3 kV/mm, 0.583 kV/mm, 0.73 kV/mm and 1 kV/mm
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. . (I,,1,)=(0,0) (I,,1,)=(0,1)/(1,0) (I,,I,)=(1,1)
Logic operations - - .
C; Ap, s Ag, C; Ay Ag, C; ApsAg,
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C.=I-I, 0 B 0 1
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C=I+1I, 0 1 1
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Fig.5 Reconfigurable and storable chaotic logic OR,NAND,AND,XNOR,XOR and NOR operations
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Table 3 Maximum of the mean square errors of SE, and SE, when C;=0 and minimum of the mean square errors of SE, and
SE, when C=1 for different logic operations that C, and the logic inputs satisfy

_ _ (1,.1)=(0,0) (I,,1,)=(0,1)/(1,0) (I,1)=(1,1)
Logic operations
G M., M, C M., M, G M, .M,
M, ..=2.67x10"° M,,..=2.15x10"" M,..=—0.0017
C =11, 0 ., 0 . 1
M,,..=3.75X 10 M‘,mle.46 X 10 Mvmm:O'O()l 4
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Reconfigurable and Storable Chaotic Logic Operations with the
Performance of Error Detection and Correction

XU Geliang', XING Shiliang’, YE Song', DENG lJiaqi', ZHANG Man'
(1 School of Electronic Engineering, Chaohu University, Hefei 238000, China)
(2 School of Machinery and Electronics Engineering , Jingdezhen University, Jingdezhen 333000, China)

Abstract: In the digital chaotic secure communication network, the dynamic packet switching technology of
digital chaotic signal plays an important role in improving the switching and transmission capacity of the
optical chaotic network. In the optical chaotic packet switching node, the processing of optical chaotic
signals involves multiplexing, demultiplexing, switching, regeneration, storage and so on. However, the
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premise of realizing the optical chaotic signal processing mentioned above is to have optical chaotic logic
gates (such as logic NOT, AND, NAND, OR, NOR, XOR, XNOR) and digital chaotic bit computing
devices (chaotic combinational logic operation devices and chaotic sequential logic operation devices) with
low power, low loss and high speed. Therefore, in order to realize the digital chaotic signal dynamic packet
switching technology, it is necessary to explore the low—loss and high—speed digital chaotic logic operation.
Compared with traditional logic devices (such as digital circuit logic devices, optoelectronic logic devices,
all-optical logic devices) , chaotic logic operation devices have the characteristics of more security, more
flexibility, lower power cost and so on. However, at present, most of the schemes implement the static
chaotic logic operation, and the development of reconfigurable chaotic logic operation, chaotic
combinational and sequential logic operation is still lagging behind. The external interference will not only
affect the chaotic signal, but also may cause the system parameters to drift, change the output polarization
state of the laser, resulting in the instability of the chaotic logic operation, and even errors. Therefore, it is
of great value and significance to study the reconfigurable and storable chaotic logic operation with strong
robustness and the ability of error detection and correction.

In the implementation scheme of reconfigurable and storable chaotic logic operation, the normalized
injection current of D-VCSEL is modulated as a logic input, and the applied electric field on PPLN, is
modulated as a logic control signal. The logic outputs Z; and Z, are demodulated by a threshold mechanism
for synchronization errors between the polarizations (x—PC,,, and y-PCy,;) from the D-VCSEL and those
(2-PCy and y-PCg) from R-VCSEL. The logic outputs Z; and Z, are obtained by demodulating the
a-PC,,, and the x—PCy, respectively, based on threshold mechanism. The system can reconstruct and store
the chaotic logic operations by transforming the logic operation relationship between the logic control signal
and the logic input. It is found that when the noise intensity is 1> 10°, the logic outputs Z, and Z,
demodulated by the complete chaotic synchronization mechanism have more errors, but Z, and Z, have no
errors. In order to improve the anti—noise performance of Z, and Z,, the threshold mechanism is used to
demodulate the synchronization error. When the noise intensity reaches 1.77>< 10, the logic output will not
generate bit errors. When the noise intensity reaches 1.84< 10, the logic outputs Z, and Z, generate bit
errors, but the logic outputs Z, and Z, remain correct. If the noise intensity reaches 1.89< 10", the logic
outputs Z,, Z,, Z, and Z, all have bit errors, and the logic operation fails. Therefore, the anti—noise
performance of Z, and Z, is better than that of Z, and Z,. And if the noise intensity is in the range of 1.84 X
10°, the logic outputs Z, and Z, can be checked with Z, and Z, to realize error detection and correction
processing.

Key words: Chaos; Vertical cavity surface emitting laser; Chaos synchronization; lLogic operations;
Anti—noise performance
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