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maximun error/ dB

time/s

Fg.2 Maximum error vstime with
different band width

1 FDTD CPU
Tablel Maximumerror of sandard FDTD and its CPU

computational time with different mesh size

jmemory
SCPU time

ratio

100X 100 meshes

50X 50 meshes

Fg.3 Comparison of computational consumption between wave-equation
based (2M, 4) scheme FDTD and Yee scheme based FD TD
3 Yee (2m,4) FDTD

2 (2M,4) FDTD CPU
Table 2 Maximumerror of (2M, 4) scheme FDTD
and its CPU computational time with different mesh size

maxi mum computational . maxi mum computational
meshes i meshes  band width/ M )
error/ dB time/ s error/ dB time/ s
25 x 25 - 10.814 28 5x%x5 2 - 9.574 7
50 x 50 - 22.826 98 6x6 2 - 14.910 9
100 x 100 - 34.997 385 7x7 2 - 20.644 10
10x 10 2 - 32.513 16
1 2 (2.2) 25 %25 2 - 64.319 71
FDTD (2m ,4) FDTD 50 x 50 2 - 88.358 261
CPU , 1s( ) 50 x 50 3 - 152.300 315
, , 50x%x50 , 50 x 50 4 - 202.500 380
M .(2M ,4) FD TD 50 x 50 5 - 212.469 433
, M 5 , (19) FDTD 190 dB, CPU
, -10dB ,(2,2) FDTD 25 x 25 , CPU 28 s;
(2™ ,4) FDTD 5x5, 2,CPU 7s CPU
, 380s , FDTD -34.997dB; (2M ,4) FDTD - 202.500 dB
, Yee (2™ ,4) FDTD Yee
(6], , 50 x 50
100 x 100 M 5, 3
R = Gwe/ Cre (23)
:Gwe  Cree (2™ ,4) FDTD Yee (2™ ,4) FDTD
CPU 3 , Yee 90 %, CPU
50 %
0.3 mm
3 4 T™M (rad/ mm) T
Table 3 Firg 4 cutoff wavenumbers of ridged waveguide( rad/ mm)
cutoff wavenumber
model Eo Mo 9.5mm
our results Ref[8]
1 0.471 2 0.4711 T -
2 0.740 6 0.7410 —J.r
3 0.7485 0.748 1 19 mm '
4 0.940 1 0.942 2

Fig.4 Cross section of ridged waveguide
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A new high order FDTD method based on wave equations

WANG Shuo*, SHAO Zhemrhai?, WEN Guang-jun', L1 Shi-gui®, XIE Kang’
(1. School of Communication and Inf ormation Engineering, University of Electronic Science
and Technology of China, Chengdu 610054, China;
2. MicroDesign Technology Pte Ltd, Singapore 117674, Singapore;
3. Department of Mathematics and Physics, Chongging University of Science and Technology, Chongging 400042, China;
4. Key L aboratory of Broadband Optical Fiber Transmission and Communication Networks of Ministry of Education,
University of Electronic Science and Technology of China, Chengdu 610054, China)

Abgract: A (2M, 4) scheme of the high-order finite-difference time-domain (FDTD) method based on the second order
wave equation is proposed. This scheme isof the fourth order accuracy in time domain usng the symplectic integrator propagator
(SIP) , and isof the 2Mth order accuracy in space domain using the discrete sngular convolution (DSC) method. This schemeis
sSmilar to the traditional (2M, 4) scheme where SIP and DSC method is used and the distinction between them are listed as fol-
lows. Firstly, this new scheme is based on the wave equation. Secondly , computational region is discretized by uniform mesh
rather than Yee mesh. Thirdly, the new scheme can save more memory and computation time because only one field component is
used for calculation. Numerical examples show that when compared with traditional high order FD TD method , the new high order
scheme based on wave equation involves less computation and memory.

Key words: Finite difference time-domain methods; Wave equation; Discrete singular convolution; L agrange polynomi-
al; Symplectic integrator propagator



