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Fast All-Optical 4X2 Encoder with High Contrast Based on
Two-Dimensional Photonic Crystal

Cai Chang, Jiang Zongdan, Li Peili’
College of Electronic and Optical Engineering & College of Microelectronics,

Nanging University of Posts & Telecommunications, Nanjing, Jiangsu 210023, China

Abstract Based on the coupling characteristics of waveguide and microcavity in two-dimensional photonic crystals,
an all-optical 4 X2 encoder is proposed. The encoder realizes a high-contrast fast encoding function by introducing a
microcavity into the Y-shaped waveguide. The performance of the proposed 4 X2 encoder is studied by using plane
wave method (PWM) and finite-difference time-domain (FDTD) method. The results show that the proposed
encoder has a contrast ratio up to 24. 55 dB, a response time not exceeding 1. 11 ps, a data transmission rate not less
than 0. 90 Tbit/s, and a size of about 147. 45 pm® at a working wavelength of 1. 55 pm. The proposed encoder has
simple structure, high contrast, fast response speed, and easy integration, which is expected to play an important
role in the fields of optical communications and integrated optical circuits.
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Fig. 1 Structure of Y-type 1 X2 beam splitter of two-dimensional photonic crystal. (a) Without microcavity; (b) with microcavity
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Fig. 3 Encoding performance of Y-type 1X2 beam splitter without microcavity. (a) Steady-state field intensity distribution;

(b) time-domain steady-state response
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Fig. 4 Encoding performance of Y type 1X 2 beam splitter with microcavity. (a) Steady-state field intensity distribution;

(b) time-domain steady-state response
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Fig. 5 Structure of two-dimensional photonic crystal all-
optical 4X 2 encoder

FRBE b RRAR T BRI 4 o
PEREFE AR . X ELJE (CR) R4 1 Ry i 45 17 Fn 2 4
“O” A RE A LG Rk
RCR:lOlgi, (2)
P,

A PR B g i Dy B R 1 Y e/ i 2
R Py S Y R B 07 I ) i K Y TR

Mg 17 BSF Ji) ()l = A 38 4 21 B, 43 93 A 4iE SR
BF 1B (T) o b FF i B CT) R R B ) (T o i i 2
FRNO TR EEE AR 0. 1% 28 7 i i ) > %iE 31
B IE] 5 AR (B 19 0. 1% b FH B A e {A 19 90 %6 Jir 48
T3 4 B T Ay b b B )5 DR BT R 3 R 1Y
10 %6 FT 28 17 (o sl 1) S 1 B bsf 0] o PRI Sk 86 4 )
T B[R] 55 b T s AL ARUAH A5, T LB A ) N7 5[]

T=T,+2T. (3)

3.2 HEZR5HH

FFH B SR A BR 2= 4 vk L i TAE MR K R
1.55 pm I 406 4 X 2 g i dr IO PERE . X 104 A 1,
11,12 I3 ¥4 A O B, B2 28 37 58 43 A1 5 Bof Sl B 245 o )i
WE 6 prR . WK 6(a) b Al LLE i, Ot M i A i H
10 ASFI, 28 BT WAL HE 5, N4 A1 i i o 11V
. A 6(b) Hral DLE itk i 1 V.01.02
325 ik 243 00 R 97.71%.0. 025 ,0. 14 % , W [, Fif
6] 4 0. 16 ps.

I A 1,10, 12 13 ¥4 A O B, R 25 37 98 4
A1 5 e SR AR A A B AN 7 BT AR o NIEL 7 () He] L
O M A S T T BT 2825 il i 5 W2 R0 B
S WHAEHE T, Wi o 1T O1 H 4. N 7(b) AT
PLE M, R 0 V.01, 02 1933 o R 4 Bk
0.01% .66.24% .0. 17 % , W W [ [6] 47 0. 14 ps.

M2 A 1,10 11 13 3% A O i), B i 43
A5 5 I R A ) B 4n 151 8 TR . MAIEL 8(a) AT LUR
L6 MU A T 12 A BT, 2275 il 5 W4 F B
T W6 LR T, W i3 1 02 5t . MK 8(b) ]
LA B O V.01, 02 i % i R0 % N
0.02% .0.16% .64. 64 % , 1 i B [6] 47 0. 14 ps.

M3 A 1,10 11,12 ¥4 A O B, Fa 25 37 8 4
A7 5 B SR AR AS A B AN P 9 B R o A 9Ca) ] L
6 B A S T 13 AT 4 U B9 Y AL
W3 FH A B S (W5 F1W6) 1L 3% 5, 20 i M i
Ut FTO1TATO2 4. I 9(b) Hal LU H i H o
MV g R4 0.08%, 40t Y B S b fif Jis i) 14
s, i o T O1 M O2 /Y iE o R Ry 48.89% Al

0114004-4



F£595 F1H/2022 51 A/HAERBEFRHRE

10f

0.8 F

| | |
Transmittance /%
f=]
o

Z /[pm
® > RN O N R D ®

00 0.5 1.0 1.5 2.0 2.5
Time /ps

6 T10%i5A 1,11.12. 13 3% A OB 1 g Pk B o (a) BRI 58 43 A 5 (b)) I Sl B 25 i iz
Fig. 6 Encoding performance when 1 is input for 10 and 0 is input for 10, 11, and 13. (a) Steady-state field intensity distribution;

(b) time-domain steady-state response
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Fig. 7 Encoding performance when 1 is input for I1 and 0 is input for 10, 12, and 13. (a) Steady-state field intensity distribution;

(b) time-domain steady-state response
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Fig. 9 Encoding performance when 1 is input for I3 and 0 is input for 10, 11, and 12. (a) Steady-state field intensity distribution;

(b) time-domain steady-state response
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Table 1 Truth table data and performance parameters of all-optical 4 X 2 encoder
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