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An Improved Unimodal Absorbing Boundary
Condition for Waveguide Problems

Kyung-Young Jung, Hyeongdong Kim, and Kwang-Cheol Ko

~ Abstract—An improved unimodal absorbing boundary condi- including the uniform auxiliary waveguide is simulated by 3-
tion (ABC) is proposed by using one-dimensional (1-D) mode D FDTD, which require a long CPU time and a considerable
finite-difference time-domain (FDTD). In the unimodal ABC, amount of memory storage [see Fig. 1(a)]. To improve the

an uniform auxiliary waveguide of input—output port should be tati [ effici | algorithm i d. Th
introduced so that evanescent waves attenuate sufficiently. In this computational efliciency, a novel aigorithm 1S proposed. The

letter, the uniform auxiliary waveguide is simulated by 1-D mode Proposed algorithm is based on applying 1-D mode FDTD
FDTD rather than three-dimensional (3-D) FDTD which is used for the uniform auxiliary waveguide of the input—output port,

in the conventional unimodal ABC. Memory storage and CPU 35 shown in Fig. 1(b). Simulating the uniform auxiliary

time are significantly reduced by applying the proposed ABC. \y4yequide in 1-D rather than 3-D leads to a significant
A WG-90 rectangular waveguide with a thick asymmetric iris is . .
improvement of numerical costs.

analyzed by FDTD with the conventional modal ABC and the : . ) . .
proposed ABC, and scattering parameters and computational ~ Since the uniform waveguide region of the input—output

efficiency are compared. port can be analyzed in separate modes, one can apply an
Index Terms—Absorbing boundary condition, FDTD methods, appropriate ABC for each. mode, respectl\(ely. We propose
waveguide. that modal ABC be applied for the dominant mode and

short-circuit condition be used for evanescent modes (the

evanescent modal amplitudes are set to zero). Interfacing 3-D

meshes and 1-D nodes is needed in the proposed algorithm.
NCE modal absorbing boundary condition (ABC) ha€onversion of 3-D formulation to 1-D formulation is done

very good wide-band absorbing characteristics, it B/ mode expansion on the mode expansion plane, while

an appropriate ABC for waveguides with high dispersiortonversion of 1-D formulation to 3-D formulation is done by

Modal ABC can be divided into two groups—unimodal ABGmode composition on the mode composition plane [5]. Mode

[1]-[3] and multimodal ABC [4], according to the number ofexpansion/composition planes are depicted in Fig. 1(b). For a

modes absorbed. The dominant mode is taken into accourdirected waveguide, mode composition and mode expansion

in the unimodal ABC, while evanescent modes as well &an be presented as

the dominant mode must be considered in the multimodal .

ABC. Since it is complex to apply the multimodal ABC, the Ey(z,y,2,t) = ZVi(zvt)@(%y)

unimodal ABC is preferred and widely used for waveguide i

I. INTRODUCTION

problems [1]-{3], [5] . : // Ey(z,y,21) - &(z,y) dv dy
A major disadvantage of the unimodal ABC is that the ab-

sorbing wall must be placed far enough from scattering objects Vi(z,t) =2

to attenuate evanescent modes sufficiently. Therefore, consid- // |€;(x,y)|? dz dy

erable numerical costs are required when one simulates the <

uniform auxiliary waveguide between the absorbing wall and .

scattering objects by three-dimensional (3-D) finite-differensghere E; is the transverse electric field;; is the modal
time-domain (FDTD) as in the conventional unimodal ABcamplitude of the order, ¢; is the transverse electric field
To overcome the disadvantage, we propose an improv@@ttern of theith-order mode, and is the Waveguide Cross
unimodal ABC using one-dimensional (1-D) mode FDTD iection.

the uniform auxiliary waveguide. Recently, similar ideas have Since the regions where 1-D mode FDTD apply are uniform,
been also developed independently in [6]. no coupling between modes takes place. Therefore, each modal

amplitude V; can be updated by the following difference

equation [5]:
Il. FORMULATION q [5]

. . . . . A2

We consider the structure _of the waveguide Wlt_h a disconti- Vit(k) = [V (ke + 1) = 2V (k) + Vi (k — 1)]

nuity. In the conventional unimodal ABC, the entire structure Az
+(2 = AACEL)V (k) = VT k)
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Fig. 1. (a) The conventional unimodal ABC. The uniform auxiliary waveguide of input—output port is simulated by 3-D FDTD. (b) The proposed unimodal
ABC. The uniform auxiliary waveguide of input—output port is simulated by 1-D mode FDTD.

To terminate the 1-D computational domain, we use 1-D
modal ABC for the dominant mode and apply the short-
circuit condition for the evanescent modes. For the dominant
mode, the modal amplitude on the absorbing wall is obtained
by convolving the discrete Green’s function with the modal
amplitude on the planéz away from the absorbing wall:

Vi(kabcAz, nAt)

=3 Gi(mAfVA((kabe — 1)Az, (n — m)AL) J
m=0
whereG1, n, andkabc are the discrete Green’s function for the z

dominant mode, the time step, and thdirected grid position
at the absorbing wall, respectivel§#; can be obtained by pre-
simulating the semi-infinite waveguide with the technique &fi9- 2. A WG-90 rectangular waveguide with a thick asymmetric iris.
recursive modeling [1].

length of the 3-D uniform auxiliary waveguide and that of the
I1l. NUMERICAL EXAMPLE 1-D uniform auxiliary waveguide for the proposed unimodal

This procedure has been applied to the analysis of a W BC are set tol8Az and 78Az, respectively. The length of

90 rectangular waveguide with a thick asymmetric iris e 3-D uniform auxiliary waveguide for the multimodal ABC
shown in Fig. 2. The space steps used #e — 0.381 is chosen asl8Az. Fig. 3 shows the scattering parameters

mm, Ay = 1.016 mm, andAz = 0.47625 mm, and the obtained for the given structure. All FDTD simulations with

number of time iterations is 6000. The excitation pulse is tAree types of ABC's agree very well with each other and also
Gaussian pulse modulated by a sinusoid, with a frequer@gree well with mode-matching method. Table | shows that
range from 8.2 to 12.4 GHz. Ten modes are adopted in bdfi¢ proposed unimodal ABC has an improved computational
the proposed algorithm and the multimodal ABC. For thefficiency than that of the conventional modal ABC. It is noted
conventional unimodal ABC, the length of the 3-D uniformthat an additional computational efficiency can be obtained by
auxiliary waveguide is chosen as 45.72 mm (Q6), which adjusting 1-D uniform auxiliary waveguide of each evanescent
is double the cutoff wavelength of tHEE,; mode [1]. The mode according to its attenuation characteristics.
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—_ 0 TABLE |
% 1 ComPARISON OF CPU TiIME AND MEMORY STORAGE
2] — :

o ] Type of ABC Total CPU time | _ \ormalized
o memory storage
g -4 Conventional unimodal ABC | 6863 sec. 1
£ ]
© ] Multimodal ABC [10 modes] 2650 sec. 0.292
Q 4
=2 6 ] Present ABC [10 modes} 1894 sec. 0.236
E
2 ] REFERENCES
© .10 \
3 1|—— Present ABC [10 modes] [1] M. Werthen, M. Rittweger, and |. Wolff, “FDTD-simulation of
2 4 ———- Conventional unimodal ABC \ waveguide junctions using a new boundary condition for rectangular
s 12 11— Multimodal ABC [10 modes] waveguides,” inProc. European Microwave Confl994, pp. 1715—
S ] Mode Matching 1719.

RVRi——— e ————————— [2] T. Huang, B. Houshmand, and T. Itoh, “Efficient modes extraction and

8.2 9 10 1 12 124 numerical exact matched sources for a homogeneous waveguide cross-

Frequency (GHz)

Fig. 3. Scattering parameters of rectangular waveguide with a thick asynl—s]
metric iris.

IV. CONCLUSION [4]

An improved unimodal ABC is proposed by using 1-D mode
FDTD. A WG-90 rectangular waveguide with a thick asym-[5]
metric iris is analyzed by FDTD with the conventional modal
ABC and the novel unimodal ABC. The results show that
the proposed algorithm provides improved computational effirg;
ciency without any considerable degradation of the accuracy.
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