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Characterization of a 90° Microstrip Bend with
Arbitrary Miter via the Time-Domain

Finite Difference Method

JOHN MOORE, STUDENT MEMBER, IEEE, AND HAO LING, MEMBER, IEEE

,&tract —A 90” .microstrip bend with an arbitrary miter is character-

ized using tbe finite difference time-domain (FDTD) method. To simplify

computations, the microstrip structure is enclosed by four electric wally

thus radiation effects are neglected. Time histories generated by FDTD

are Fourier-transformed to yield broad-band S parameters of the mi-

crostrip bend. A miter-is introduced to improve the transmission character-

istics of the bend, and an optimal miter length is found such that the

reflection from tbe microstrip bend over a broad frequency range is

minimized.

I. INTRODUCTION

T HE FINITE difference time-domain (FDTD) method

[1], [2] has become recognized as a useful tool for

analyzing complicated wave interactions. The versatility of

the FDTD method allows it to analyze rnicrostrip line and

microstrip discontinuities. Gwarek has developed a method

for two-dimensional planar circuit analysis with the FDTD

method [3], [4]. Zhang and Mei have computed the disper-

sive characteristics of microstrip [5] as well as the scatter-

ing parameters for the microstrip cross junction, tee junc-

tion, step in width, and gap via the FDTD method [6].

This paper focuses on the full-wave analysis of the mi-

crostrip right-angle bend. The microstrip bend has been

studied extensively in the literature by such approximate

methods as quasi-static analysis [7] and the planar wave-

guide model [8]–[11]. Recently, a qualitative study of wave

propagation through the microstrip bend was reported by

Yoshida and Fukai [12] using the transmission-line matrix

method. Ifi this paper, the time history of a short pulse as

it propagates through a rnicrostrip bend is simulated using

the FDTD algorithm. Quantitative frequency-domain in-

formation contained in the time-domain data is extracted

via the Fourier transform.

Computer memory constraints dictate that the computa-

tion domain of the FDTD be of finite size. In order to

simulate open structures, various localized absorbing
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boundary conditions have been employed to truncate the
FDTD grid [13], [14]. However, for dispersive structures

such as the microstrip line, noi:~e from the imperfect ab-

sorbing condition can give rise to significant degradation

in the frequency-domain data. The FDTD method used in

this paper does not employ absorbing conditions. Instead,

the microstrip structure is enclosed by electric walls lo-

cated far enough away from the strip to not seriously

affect the field distributions near the strip. This electric

wall assumption neglects radiation effects which are re-

ported to be small for the open microstrip bend [15]. The

FDTD grid is kept large enough in the direction of propa-

gation so that an expanding wave never reflects off the

edge of the grid.

Cutting a miter into a microst rip or waveguide bend is a

well-known method for reducing reflections caused by

sharp corners in waveguide bends [16]. Campbell and

Jones [17] studied the 90° parallel-plate waveguide bend

with a 450 miter of arbitrary length and showed that there

exists an optimal cut size that minimizes reflections. Later,
Douville and James [15] performed experiments on mi-

crostrip and constructed an empirical formula that relates

the optimal miter to the width-to-height ratio of the strip.

Results obtained by the FDTD method for the optimal cut

size of the enclosed microstrip bend are also presented in

this paper for a range of width-to-height ratios. They

confirm Douville and James’s eiwlier experimental results.

II. TIME-DOMAIN SIMULATION

Fig. l(a) shows the top view of the 90° microstrip bend

with a 450 miter to be analyzed. The distance from the

inner corner of the bend to the outer corner, assuming no

cut, is denoted d, and x is tha distance from the inner

corner of the bend to the midpoint of the cut. The amount

of cut is the quantity m = x/d, where m = O indicates a

bend with no cut and m =1 indicates a cut large enough to

barely separate the two sections of microstrip from the
bend. The tnicrostrip is enclosed on four sides by electric
walls as shown in Fig. l(b). The width, a, and height, b, of

this box must be large enough to not disturb the field

distributions near the strip.
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starts as the left edge of the FDTD grid, so that only an
incident wave traveling to the right is produced. If the

driving condition were left turned on while the grid ex-

panded, then an incident wave traveling to the left would,, . .. . ,
+

,,
,’ ‘/’

,’ ,. II also be produced. This problem is avoided first by using an~=z
d incident pulse of short duration and then by removing the

driving condition when the grid begins to expand.

k

h

The incident pulse is a Gaussian pulse of short enough
11X3Ax

duration such that the driving condition is imposed on the
laaAx

~
structure for only the first few time steps. The time history

of the reflected and transmitted waves is recorded. These

Fig. 1, The enclosed microstrip with right-angle bend. (a) Top view and

detail of the mitered bend. (b) Cross-sectional view.

00000000 0

00000000

00000000 0

00000(

0000 ● 8

00000(

00 e ● og

o

● 0
o

● 0
o

● 9
o

● 0

o

● 0
o

● 0
o

● 0

o E= ● Ez ~ Metal Saip

Fig. 2. Detail of the E-field nodes defining the metaf strip.

In order to adequately define the bend and miter for the

computer algorithm, this structure is first discretized into a

three-dimensional finite difference mesh. Fig. 2 shows how

electric wall boundary conditions are applied to individual
nodes in order to define the metal strip. The fineness of

the mesh, Ax, is chosen such that it is one tenth the length

of the shortest wavelength of interest. Once the fineness of

the mesh is given, the time step for iteration, At, is chosen

to satisfy the Courant stability criterion [2].

Due to the dispersive nature of the microstrip and the

complicated dielectric/metal/air boundary, conventional

absorbing boundary conditions are avoided. Instead, a

simple solution to this problem which saves some com-

puter time and memory is to begin calculations on a short

structure and to adaptively increase the structure length as

a wave expands. The driving condition is enforced at what

data are then fast-Fourier-transformed and normalized

with respect to the incident wave spectrum to obtain S1l

and Szl as a function of frequency. The S1l and Szl phase

references are chosen to be at the inner corner of the bend.

III. RESULTS AND DISCUSSIONS

The microstrip line to be modeled was designed to be 50

0 on a 3M substrate (c, = 2.5). This design resulted in the

following parameter values:

w = 2.31 mm h= O.84mm

Ax= 0.2096 mm At= 0.4ps.

The cross section of the microstrip structure was first

discretized into a 23X 9 finite difference mesh. The length

of the microstrip would begin at 2 cm and grow to about

17 cm by the end of the iterating process. The metal strip

was 11 nodes wide, and this width enables the relative size

of the cut, m, to be varied from O to 1 by increments of

1/’22.

The FDTD method was first run for the no-cut case.

Fig. 3(a) shows the incident pulse which then propagated

towards the right-angle bend and resulted in a reflected

pulse (Fig. 3(b)) and a transmitted pulse (Fig. 3(c)). In

order to calculate the proper phases of the S parameters,

the propagation constant was obtained by observing the

phase difference between two incident pulses separated by

a known distance, This propagation constant is plotted

against frequency in Fig. 4(a) along with the free-space

propagation constant and the dielectric propagation con-

stant. The dip in the propagation constant at about 27

GHz corresponds approximately to the first hybrid cutoff

mode of the metal box enclosing the strip. The effective

permittivity was computed directly from the propagation

constant and is shown in Fig. 4(b) for three different

values of box height (b = 2A, 3k, and 4A) and compared to
a curve-fitted formula derived for the open microstrip case

[18]. A change from b = 2A to b = 3h resulted in a sharp

increase in effective permittivity, but the change then from

b = 3h to b = 4A resulted in little change in the effective

perrnittivity. This suggests that the box height at b = 3A is

large enough to not significantly affect the dispersion

characteristics of the microstrip. The width of the box, a,

appears to affect the propagation constant less than the

height of the box, b. The effective permittivity is not

significantly altered when the width of the box is changed

from a = 2W to 3w, except for the shift in the cutoff

frequency of the first hybrid mode. The characteristic
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Fig. 3. Time histories for (a) the incident pulse, (b) the reflected pulse
from the unmitered bend, and (c) the transmitted pulse for the un-
mitered bend.

impedances of the microstrip calculated by the FDTD

method for two different box heights are compared in Fig.

4(c) with a curve-fitted formula for the open microstrip

case [19]. An increase in b appears to move the character-

istic impedance as well as the propagation constant closer

to the open microstrip characteristic impedance. Bahl [20]

reported similar effects of the enclosure upon the effective
dielectric constant and the characteristic impedance of
microstrip.

With the propagation constant in hand, the S parame-

ters for the right-angle bend are completely determined.

Both the magnitude and the phase of S1l and S21 for the

no-cut case are shown in Fig. 5. Since the microstrip is
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~ig. 4. Uniform microstrip characteristicscalculated by the FDTD as
compared with curve-fitted data for e, = 2.5: (a) propagation constant:
(b) effective dielectric constant; and (c) characteristic impedance.

enclosed, no radiation can occur, so the energy conserva-

tion criterion IS1lI 2 + IS2112= 1 was checked and found to

be satisfied at all frequencies up to the cutoff frequency of

the first higher order hybrid mode.

Mehran computed, via a waveguide model in conjunc-

tion with a two-dimensional mode-matching technique [10],
a value of IS1l I = 0.41 which, when scaled in frequency to

relate to the size of the microstrip modeled by the ??DTD

method, corresponds to ISII I = 0.30 at 13 GI-Iz. This dis-

crepancy is probably due to the ambiguous definition of

the “effective width” within the discontinuity region when

analyzing the bend through the waveguide model.
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Fig. 6. Uniform microstnp characteristics calculated by the FDTD as
compared with curve-fitted data for c, =10.0: (a) effective dlelectnc
constant; (b) characteristic impedance.
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A second high-dielectric microstrip line to be modeled

was designed to be 50 L? on alumina substrate (c, =1O.O)

using the same values of h, Ax, and At as for the ~, =2.5

case. This design resulted in w= L= O.84 mm. The effec-

tive dielectric constant and the characteristic impedance

were calculated and compared to curve-fitted data in Fig.

6. The effect of the enclosure of the box upon the effective

dielectric constant appears less noticeable in the high-

dielectric-substrate case than in the c,= 2.5 case. Fig. 7 is

a plot of the magnitudes of S1l and S21 for the high-dielec-

tric case.

The cut size, m. was then varied to determine the

optimal cut for the c, = 2.5 case. Fig. 8 is a plot of Sll

versus m. A broad-band optimal cut exists at m = 0.53.
The time history of the reflected pulse for the optimal cut

is shown in Fig. 9. The reflected pulse is barely noticeable

for the optimal miter geometry. This optimal cut and six

others for different width-to-height ratios and for sub-

strates with high and low dielectric constants are compared

with an empirical formula derived from measurement of

open microstrip bends [15] in Fig. 10. The agreement is

very good.

Finally, IS1l I was checked against two different values of

box height. IS1lI for the no-cut case is shown in Fig. 11 for

b = 2 h, 3h, and 4A. The effect of the increase in b is

noticeable only at higher frequencies, and there is almost

no change in IS1l I for the increase from b = 3A to b = 4A.
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As a final check, the optimal cut for b = 3h was computed

and is the same size as the optimal cut for b = 2h.

IV. CONCLUSIONS

A microstrip with a right-angle bend has been simulated

via the time-domain finite difference method. Electric walls

were used to enclose the microstrip structure. Numerical

results for the enclosed bend appear to agree well with

experimental results for the open bend. Douville and James

[15] noted that radiation associated with the bend is not

important. Furthermore, the slight change in S parameters

of the enclosed microstrip bend when the enclosing box is

increased in height from b = 3h tob = 4h suggests that the

FDTD results are close to results expected for the open

microstrip bend. Finally, the FDTD method had equal

success for both high- and low-dielectric materials.
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