260 IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 8, NO. 7, JULY 1998
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Abstract—A novel technique is developed to reconstruct the where
physical layouts of nonuniform symmetric couplers from the scat-

) : ! ! angular frequency;
tering parameters at terminals. The coupler is decomposed into 9 N Y

even- and odd-mode lines in which the decoupled modal lines are S11(w) refleclted coefficient at p?’” 1
reconstructed from their respective scattering parameters. The — S21(w) coupling wave propagating in the back-
effect of unequal modal propagation delays on the reconstructed ward direction coefficient at port 2;

coupler is also addressed. Numerical results are presented to I'.(w), I',(w) even-and odd-mode reflection coefficients,
illustrate the validity of this reconstruction technique. respectively

Index Terms—Coupler, inverse scattering. Note that (1) is valid when both ports 3 and 4 are terminated

with matched loads. As long as the structure is symmetric, (1)

is valid regardless of the physical layouts of a two-line coupler.

] o Because a nonuniform coupler can be treated as cascaded

U NIFORM coupled-line circuits have been used for many, siple-section coupled lines, this, in turn, indicates that (1a)
applications including filter, directional couplers, andng (1p) are applicable to a nonuniform, symmetric coupler.

impedance matching networks. These circuits are deSig’@;ﬁinverting (1a) and (1b), we can expreis(w) andL,(w)
by utilizing the impedance, admittance, chain, and other pa-ierms of the scattering parameters

rameters characterizing the coupled-line network. From the

experimental viewpoints, we often characterize the coupler

with a set of scattering parameters at terminal ports. Su(w) +S21(w) (22)
Several authors had paid a lot of attention to the analysis Io(w) =S11(w) — Sa1(w). (2b)

of coupled transmission lines [1]-[8]. Most of the work thus

far has focused mainly on the formulation and computatiqfyyation (2) reveals that the even-mode reflection coefficient is
techniques of scattering waves on transmission Ilnes. Only& sum 0fS11(w) andSs; (w), while the odd-mode reflection
few papers [4], [5] were concerned with the synthesis problemsefficient is the difference o1 (w) and Sy (w). Note that
in which the structures of coupled lines are obtained froghin even- and odd-mode waves are independent/uncoupled
scattering parameters. In particular, they [4] employed equgynals in the decoupled transmission line configurations.
modal propagation delays to simplify the mathematical formyy "particular, we know that a nonuniform transmission line
lation. In this letter, we use a nonuniform line reconstructiofyy pe reconstructed from its reflection coefficient [6]. The
technique [6] to reconstruct a nonuniform, symmetric Couplgsconstructed transmission line is represented by the space
when scattering parameters at terminal ports are given. Tl&tripution of both characteristic impedance and propagation
gﬁegt of unequal modal propagation delay on the reconstruc@gay_ By convertingSy:(w) and Sa;(w) into I'.(w) and
line is also addressed. I',(w), we can reconstructed the even-mode line and odd-mode
line of a coupler. In other words, we may obtain even-mode
Il. THEORY impedance profileZ.(t) and odd-mode impedance profile

We consider the wave scattering for a signal incident upef(t) from the scattering parameters, wheris the time.
the coupler from port 1 in Fig. 1. The appropriate wave to For a microstrip coupler, the relations between the physical
analyze the responses of symmetric coupled transmissl@iout of the coupler and characteristic impedances of two
lines is to split the input signal into even and odd modé¥odal lines are given in [7]. We then can obtain the physical
[8]. We then can express the scattering parameters at BameteiV(z)/H andS(x)/H from the modal characteris-

I. INTRODUCTION

ﬂ

@

&
I

left-hand side of the coupled lines as tic impedances, wher#’ is the line width,H is the thickness
of the substrate$ is the spacing between two lines, ands
Su(w) = 3 Te(w) + 3 To(w) (12)  the space variable in the direction of propagation. However, in
So1(w) =2 Fe(w) — 2 Dp(w) (1b) order to obtain the physical paramet&¥x)/H and.S(x)/H

from modal characteristic impedancés(t) and Z,(t), we
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Fig. 1. Symmetrical coupled transmission lines.

k- Scm—sf—6em —— Scm—s]

Substrate

— 5em—» - < Sem —

Zy=50

Zy =50

Fig. 2. The physical layout of nonuniform microstrip coupled lines.
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Fig. 3. The time-domain modal reflected waves of the coupler in Fig. 2.
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as follows:

for the even mode

e C Te

Lo=v, - — = —
Ve 2

T, c T

L,=v, 2= .2
2 Ve, 2

for the odd mode, where

L, L,
[#
Ce; Co

modal coupling lengths;
speed of light in vacuum;
effective dielectric constants
modes, respectively.

for even

(3a)

(3b)
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Fig. 4. The reconstructed modal impedance profiles in time domain.
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Fig. 5. The reconstructed physical layout:(+) and S(x).

Of course, the even-mode coupling lendth should be equal

to the odd-mode coupling length,. Both ¢, ande, are deter-
mined by the distributive capacitances of two modes. Those
capacitances may be visualized as being made up of parallel-
plate capacitances and appropriate fringing capacitances [7].
We, therefore, can obtain the physical paramekg(s:), S(x)

of the coupler.

I1l. NUMERICAL RESULTS

Fig. 2 shows the layout of a nonuniform coupler, which is
assumed to be built on a Duriod substrate having thickness
31 mils and relative dielectric constart. = 2.5. We
get the scattering parametefs; (w) and S,;(w) by using
HP/EESOF CDS software simulator for the frequency
range extending from dc to 18.045 GHz. To obtain the
physical structure of the coupler, we first convert the
scattering parameters into time-domain modal reflected wave
Vie(t) and V,.,(t). The modal reflected waves in Fig. 3
are obtained by using (2) and inverse Fourier transform.

and od#lote that both modal reflected waves have prolonged

ripples which are due to internal reflection-transmission
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processes on nonuniform modal lines. By utilizing the

reconstruction method [6], we then obtain the modal _ _ _ _
[1] Q. Gu and J. A. Kong, “Transient analysis of single and coupled lines

characteristic impedance profilés (¢), Z,(t) of the coupler,

which are shown in Fig. 4. Apparently, the even-mode wave
has a longer total propagation delay than odd-mode wavé]

Fig. 5 shows the reconstructed line widi and spacing

S as a function ofz. Clearly, the reconstructed results
are in good agreement with the original layouts of thef3]

coupler.

IV. CONCLUSION
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