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Harmonica Characterization of a Microstrip Bend via
the Finite Difference Time

NoN Feix, Michhle I.alande, and Bernard

Abstract—A 90° Microstrip bend is characterized using a
Time-Frequency method based on the Finite Difference Time

Domain (FDTD) method. Time evolution of the currents gen-

erated by FDTD are Fourier transformed to lead to S-param-

eters and radiated powers characteristic of the microstrip bend.

The method for calculating both radiation and surface wave
losses is developed in this paper for microstrip structures. Then,
the results of the 90° microstrip bend are compared with the

results of the mitered microstrip bend.

Keywords–Finite Difference Time Domain (FDTD) method;
microstrip; bend; surface waves; space waves; radiation; miter.

I. INTRODUCTION

I NCREASE of integration density and of digital inte-

grated circuits requires a rigorous analysis of propaga-

tion on microstrip interconnection lines. This analysis

must give the degradation of line transported signals, for

example due to the structure dispersion or to other line

proximity [1]. In the same way, in microwave integrated

circuits, rigorous microstrip sp-ucture models have to be

elaborated in larger and larger bands.

To solve these problems, a lot of numerical resolution

methods have been developed over the past few years,

and particularly the transient ones. For digital circuits, a

microstrip line analysis in the time-domain allows to have

direct access tocarried signals [2], [3]. On the other hand,

for inicrowave circuit conception, the frequential char-

acteristics of the structure are required. So, Fourier trans-

forms follow the temporal analysis [4], [5].

With the object of precisely studying the microstrip be-

havior, the finite difference transient method has been

chosen and adapted to a discontinuity characterization

(right angle bend) [6]. On the one hand, the evolution of

the scattering parameters as a function of frequency, re-

lated to the discontinuity, and on the other hand, surface

waves (in the dielectric) and space waves (in the air) con-

tribution to the total radiation are deduced from Fourier

transforms of currents on the structure. So, a power bal-

ance can be established on every microstrip structure in a

large frequency band.

This article includes several parts:
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The first part briefly presents the Finite Difference

Method, and its application to the bend microstrip line

characterization.

The second part describes the method of calculation of

power, radiated by a microstrip structure, by using the

stratified medium theory.

In the third part, we have compared theoretical and ex-

perimental results. The experimental results are obtained

using a Wiltron 360 network analyzer. Then, we have

studied the influence of a 450 miter.

II. MICROSTRIP STRUCTURE CHARACTERIZATION BY A

TIME FREQUENCY METHOD BASED ON THE FINITE

DIFFERENCE TIME-DOMAIN METHOD

The transient simulation on microstrip lines is based on

the FDTD. This method is described in [7].

It consists in a discretization of Maxwell’s curl equa-

tions directly in time domain:

To analyze an open structure, we have to divide not

only the structute but also the surrounding space into

meshes. To simulate the infinite space in a finite calcu-

lation domain, we surround the calculation volume with

an “absorbing sheet” [8].

The analysis of a microstrip structure requires the def-

inition of two media (Fig. 1) [8]:

1) medium with a relative permittivity e, (substrate)

and,

2) medium representing the free space surrounding the

structure.

The metal strip and the ground plane, supposed to be

perfectly conductor and infinitely thin, are defined by set-

ting the tangential component of the electric field to zero.

The line feed is simulated by a vertical electric field

component in a plane located between the strip and the

ground plane (excitation plane). The time gaussian shaped

excitation allows a harmonic characterization on a large

frequency band. The FDTD algorithm provides ~ and fi

field components in the total calculation volume and at

each temporal sampling step. The temporal current evo-
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Fig. 1. Definition of a calculation domain.

Fig. 2. Microstrip feed and reference planes.

lution, on the line is deduced from E field circulation

around the conductor strip.

Harmonic discontinuity characterization follows this

transient analysis and is divided into two stages:

Scattering Parameter Calculation: Two reference

planes PI and Pz are chosen as shown in Fig. 2. Scattering

parameters are deduced from incident, reflected by the

discontinuity (calculated in PI) and transmitted currents

(calculated in P2) as follows:

3(IR@#))
‘1l(f) = $(linci...t(t))

(3)

Radiated Power Determination—Power Balance: The

powers lost by radiation between the reference planes are

now calculated. Comparison between PI incident power,

P, reflected power, P2 transmitted power and the radiated

discontinuity powers permit to establish a power balance.

The radiated power calculation principle is described in

the following chapter.

III. RADIATED POWER BY A MICROSTRIP LINE

SECTION—POWER BALANCE

The FDTD algorithm provides ZX (and Z,) current in

every metallic strip point. An electric dipole (Hertz di-

pole) is associated at each component 1. with moment IX

Ax (and Z, Az) located at the air-dielectric interface.

The first c@culat@t stage consists in giving the expres-

sion of the E and H fields radiated by only one electric

dipole in every space point. The field radiated by this di-

pole is expressed in term of Hertzian potentials [9]:

~_j@~Ati,
z (4)

‘JP i

Z = 6(7 “ I?i) + ~11~ (5)

where

ki=~fi

~j: perrnittivity of the medium

Pi: magnetic permeability of the medium

Hi: Hertzian potential

i = O, air

i = 1, dielectric

The application of the Steepest Descent Path (SDP)

method allows to obtain the far field components [10].

The far field results from the superposition of two terms

[11]:

The first term is associated to the spherical space waves

radiation in the air, its amplitude decreases with 1/r (Fig.

3).

The second one is associated to the cylindrical surface

waves, it originates in singularities of Hertzian potentials.

Its amplitude decreases with 1/W (Fig. 3).

Space Spherical Wave Radiated Power Created by the

Electric Dipole: The far radiated electric field created by

an elementary dipole with Z. Ax are given in [12].
Then, the Hertzian dipole radiated power is obtained

by a power surface density integration on r radius hemi-

sphere (Fig. 4):

27r

u

~/2

p~ = & {l E@(r, 6, 4)12
00

+ lEO(r, 0, o)12}~sin0d6d@ (6)

with: Z. = m, characteristic impedance in the vac-

uum.
Cylindrical Surface Wave Radiated Power Created by

the Electric Dipole: Surface waves are constituted by dif-

ferent propagation modes [13]: a fundamental mode with

a cutoff frequency equal to zero, upper-modes with cutoff

frequencies as follows:

n=l,3,5, . .. TE~mode

n=0,2,4, ””” TM. mode

fc = ‘c c: light velocity
4H G

H substrate height

e“r. relative perrnittivity

(7)
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Fig. 5. Power surface density integration on an infinite height semi-cyl-
inder.

Fig. 3. Hertz dipole radiation.

/-

Fig. 6. Microstrip /ine characteristics.

Fig. 4. Power surface density integration on r radius semi-sphere.

We will suppose that the cutoff frequency (TE1) is out

of the considered frequency band.

In that case, the Hertzian potential has only one com-

ponent in Z direction. The radiated far fields are given in

[14].

The TMO surface wave spreads with no attenuation in

a air-dielectric interface parallel direction, whereas it de-

creases in perpendicular direction. The power carried by

this wave is obtained by power surface density integration

on a semi-cylinder with p radius and infinite height. (Fig.

5).

1
-l-m 2T

H
‘TMo = ‘~ ~ ~ ‘zTMo(~7 @? ~)

“ H$TMO(P, 4, Z)P d+ dz. (8)

Generalization to a Radiating Surjace-Power Bal-
ance: The radiating surface is considered as the associa-

tion of M dipoles with moment Zx Ax, directed along FX,

and of N“ dipoles with moment ZYAy, turned following

(Fig. 6).

Then, network theory gives radiated fields produced by

any form surface [11].

Spherical coordinates (for space waves):

M

E.(r, 0, 4) = i~l Eai (r, 6, ~) exp (jkOZy ~i)

‘ji,EaJ(r9e4-3ex
‘with: a =130rrp (9)

Cylindrical coordinates (for surface waves):

M

E.(p, 4, z) = i~l E.i(p, ~, Z) eXP (h ~P)

with: CY= @ or z

h.: pole of the Hertzian

Potential (lo)

Then, it is possible to establish a power balance by

comparing the following values:

Incident power,

Reflected power (deducted from S1~)

Transmitted power (deducted from Szl)

Spherical wave radiated power

Cylindrical wave radiated power.
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Fig. 7. Cumenttime evolution. (a) Incident cument(P,). (b) Reflected cur-
rent (P,). (c) Transmitted current (Pq).

The incident power is obtained by a Poynting’s vector

integration on the P1 incident plane. We neglect here the

dissipation power in both the metal plates and the dielec-

tric substrate.

IV. THEORETICAL AND EXPERIMENTAL RESULTS

The studied microstrip has the following characteristics

(Fig. 6), W =’ 3 mm, c, = 4.5 (epoxy substrate), H =

1.6 mm, L, = 19.8 mm and L2 = 9 mm.

We give meshes size and number used in finite differ-

ence algorithm in the three space directions the following

values: AX = 0.6 mm, NX = 292, AY = 0.6 mm, NY =

152, AZ = 0.4 mm and N, = 28.

The total time steps is 1000.

The Gaussian excitation has a 37.5 ps half height width

and a 27 ps rise time (10% –90 %). So, its spectrum covers

the frequency band in which we want to characterize the

structure: O-14 Ghz.

The incident, reflected and transmitted (in P, and Pz)

currents are shown in Fig. 7.

A. Frequency Characterization of the Microstrip Bend

In our study, only the TMO surface wave mode is ex-

cited; the TE1 mode cutoff frequency (25 GHz) being su-

perior to the maximum frequency of the band in which

the discontinuity is characterized.

The S parameters of the discontinuity, deduced from

the transient current Fourier’s transforms are shown in

Figs. 8 and 9. On these figures, measurement results from

a WILTRON 360 network analyzer are given. For the ex-

perimentation, the distance between the connectors and

the discontinuity is identical to the distance between the

reference planes and the discontinuity in the theory.

The $1 frequency evolution shows that the bent line

performs as a low-pass filter which cut-off frequency is

about 10 GHz (Fig. 8).

The line characteristic impedance is the reference

impedance for theoretical S-parameters. This impedance

is equal to 50 fl at low-frequencies, and differs from this

value when the frequency increases, because of the dis-

persion. 50 !J is the reference impedance for measured

S-parameters, and because of the difference at high fre-

quencies between 2. and 50 L?, resonances can be noticed.
In fact, resonant frequencies that appear experimen-

tally, are rather due to the connector-strip junction im-

perfection than to the mismatching. These resonances are

dependent either on the distance between the two refer-

ence planes (about 3.5 GHz multiples) (Fig. 8), or on the
distance between the alimentation access and the discon-

tinuity (about 5 GHz multiples) (Fig. 9).

However, in this example, theoretical results are vali-

dated by experimentation.
The difference between II S1, 112 + II S21112and unity

(Fig. 10) shows that an important part of the power is lost



FEIX et al.: HARMONICAL CHARACTERIZATION OF A MICROSTRIP BEND

0.0 -------- ....... ...... ,.
- ......\

...$

- -5.0-
g

5 -10.0.-C
0
2
G
m

Fig

n______
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

f(GHz)

,. 8. Transmission coefficient magnitude S2,. Comparison between the-
oretical and experimental results

00

,-.. -10.0
~

= -30.0

-40.0

Theory

Experimentation

r (

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0
f ( GHz)

Fig. 9. Reflection coefficient magnitude S,,. Comparison between theo-
retical and experimental results.

11511112+11521112i
I

1- Radiation Losses._ ......................

(O.(I ~
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

f(GHz)

Fig. 10. Power balance.

at the considered high frequencies. Space and surface

wave radiated power is calculated following the method

described in Section II.
Oscillations appear on the space and surface wave ra-

diated powers (Fig, 11). These oscillations are due to the

truncation of the current spatial distribution on the struc-

ture, especially those that are located between the refer-

ence plane and the discontinuity, Resonant frequencies are

depending on the L1 length.

0.5-

0.4-

~ 0.3 -

g

$?
0 0.2 -1

0.1-

0.0- –

959

/
/“ ,,.’’’’---’’”.

.$,/’”-”

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0

f(GHz)

Fig. 11. Radiation losses.
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Fig. 12.’ Mitered microstrip bend.
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Fig. 13. Transmission coefficient magnitude S21. Comparison between
mitered and unmitered bend.

However, the curves representing the evolution as a‘
function of frequency (Fig. 10):

-11s11112 + 11s21112 and

– 1 – radiation losses

are very close.
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method allows to dissociate the space and surface wave

contribution at the total structure radiation and to evaluate

a power balance.

A comparative study between a bend with and without

miter has shown that even if the bend induced less reflec-
$
; -20.0

““’’’” ~

tion, the total radiated power has approximately the same
.—~ ,,, value.
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Fig. 14. Reflection coefficient magnitude S’I,. Comparison between mi-
tered and unmitered bend.
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Fig. 15, Radiation losses. Comparison between mitered and unmitered

bend.

B. Miter Irtjluence on the Frequency Characteristics

Fig. 12 shows the 90° microstrip bend witha450 miter.

The frequency characterization of the Mitered bend is ob-

tained in the same way as that for the unmitered bend.

Figs. 13 and 14 show the scattering parameters mag-

nitude for the microstrip bend with and without miter. We

can see that the reflection coefficient is higher and the

transmission coefficient is smaller when the bend is un-

mitered. The difference can attain 15 dB for the reflection

parameter and 11 dB for the transmission parameter.

However, the radiated losses are approximately identical

in the two cases (Fig. 15).

V. CONCLUSION

The FDTD method is used to simulate and characterize

a micro strip discontinuity y (a 900 bend). Then, harmonica

characterization is elaborated on a frequency band di-

rectly linked to the chosen excitation form, and is realized

from the scattering parameters, the space wave and sur-

face wave radiated power. A good agreement between

measured and calculated S-parameters for a right angle

micro strip bend have validated theoretical method. The
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