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ABSTRACT

This paper presents a generalized Fourier transform
pair for the analysis and synthesis of tapered
transmission lines supporting a non-TEM mode.
The Fourier transform pair first pointed out by
Bolinder, and subsequently used by Kiopfenstein
for TEM lines can be shown to be a special case of
the present transform pair. A step by step synthesis
method has been described for exact designs of
matching transformers and asymmetric 180°
directional couplers.

INTRODUCTION

Tapered transmission lines are useful in the design
of matching networks, filters, circulators, etc. The
theory of a tapered transmission line supporting a
purely TEM-mode is well established [1-3]. Analysis
of tapered transmission line supporting TEM modes
deals with a constant propagation constant along
the taper. Since the propagation constant varies
along the length of a non-TEM transmission line
taper, the analysis of such tapers becomes involved.
So far no rigorous technique has been available for
analyzing or synthesizing such tapers.

Microstrip supports a quasi TEM mode at lower
microwave frequency bands and a complete hybrid
mode at upper frequency bands. Despite the quasi
TEM nature of the supported mode the
propagation constant of a tapered microstripline
varies along its length. Tapered microstrip has
been analyzed by Pramanick and Bhartia [4] by
solving a pair of complex non-linear differential
equations. A similar technique has been applied to
unilateral finline, for exponential, cosine squared
and parabolic tapers, which support purely non-
TEM modes {5]. Schieblich et al {6] reported a
synthesis method for optimum Chebyshev
unilateral finline tapers. This method carefully
avoids the controversial definition problem of the
characteristic impedance of a non-TEM
transmission line, by synthesizing the taper in terms
of a mode coupling coefficient. Moreover, the
method is based on certain simplifying
assumptions. So far there has been no rigorous
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theory for designing an optimum Chebyshev
dispersive tapered transmission line. This paper
presents a generalized Fourier transform pair
which is not only mathematically rigorous but also
analytically simple to implement even on a desktop
computer. The method has been used to obtain the
taper profile of a non-TEM, Chebyshev impedance
transformer.

THEORY

Consider the schematic representation of a tapered
transmission line network in Figure 1. The
frequency response F(u) and the taper profile g{p)
for such a line can be represented by the following
Fourier transform pair [1].

Flu) = f e Pg(p)dp (1

gp) = — J IPUF ) du (2)
210 ) _«
where
z 1 (3)
P= ZH[L - 2]
and
BL

(4)

where L is the iength of the taper and B is the phase
constant. The line is assumed to support a purely
TEM-mode where the propagation constant
remains constant along the line.
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FIGURE 1 : Tapered Transmission Line

The above set of equations can be generalized for
non-TEM lines in the following way:

We define:

Fu) = I P e(p)dp (5)
and

g(p)= ij P F(a)du (6)

2n J _»
where
I ﬁo(t)dt
; =2n N - l} (7)

L 2
J Bo(z)dz
o

=

u =

L
[ B)dz (@)

where Bo(z) is the propagation constant at a
specified design frequency fo

Now we are in a position to obtain the taper profile
g(p), given the frequency response F(u), using the
Fourier transform pair (5) and (6). Such a method is
valid for any frequency response for which the
inverse Fourier transform gives a physically
realizable taper profile.

On the other hand given a physically realizable
taper profile one can always find the frequency
response using the modified Fourier transform pair
(5) and (6).

In practice most cases require synthesis of tapers
rather than their analysis. It is well known that a

Chebyshev taper offers the optimum electrical
performance. The frequency response for such a
taperis given by:

1 -
Tw==¢"Fu (9)
: 2

for a TEM line F(u) is given by [7] (See Figure 2).

FIGURE 2 : Reflection-Coefficient Characteristic
for a Chebyshev Taper
- CosL\/(Bz—ﬁZ) (10)
Fu)=¢n(2 ) ——————
L Cosh(BOL)
_ Y, 7 _ =
P, = 3 en(ZL)/Cosh(BoL), p, = I‘l(u) ’ZL_ZL /Zo

where uisdefined in (4).

For a dispersive line equation (9) assumes the form:

T [
Fl(u)zé-e F(u) (11)
and
CostV @' -4 (12)

- 1
Flu)= - (Z /7 ) —
2\ Lo Cosh(mu )

Substitution of (12) into (6) and the subsequent
integration yields the taper profile for Chebyshev
response as:

(13)
-2
1 (nu Yln(Z 1Z ) -
tn(Z(eyz ) = —fn(ZL/Z ) + ';# @(ﬁ , U )
° 2 ° 2 Cosh(nu ) mu,  °
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The function ®(2©/nl, ,nuy) is defined to be:

ll{vll—(XT)Z]nI}
e - 1 (°® me, 1o°
D(—— ,l'Iuo)= = J dx{13a)
e, nu, 10 nuo\/{l—(é)z}
nuo

where 11 is the Bessel function of second kind and
first order and

2 p—
o= I B,(0ds — mu /2 (13b)
0
w, o
- <0< —
2 2
and
- en(Z,/1Z)
Z(nu /2)Z = exp —5:0—- (14)
° 0 2cosh(nuo)
_ nZ 17 )
Z(~-nu J2VZ = exp | InZ {2 )~ —Le (15)
° ° 2coshnuo

DESIGN STEPS FOR MATCHING TRANSFORMER

1. Given Z_ and Z,, determine Z(-L/2) and Z2(L/2)
using (14) and (15)

2. Use a suitable synthesis scheme to obtain the
corresponding physical parameter of the
transmission line (for example fingap in finline
or stripwidth in microstrip).

3. Determine the electrical length nuy of the
taper from the given ripple level RLin dB.

nu = ¢n®® + VR?-1) (16)

1
R= '2'€n(ZL/ZO)/p (17)

p = 10(~RL2 (18)

4. Approximate (13b) by:

Oz = A2 = B (IAz — nu /2 (19)

where Az = A/40, A is the design wavelength.

and Po(z) is the propagation constant
corresponding to impedance Z|.. It is obtained
by using a suitable analysis technique. In (19) it
is assumed that Po(z) has negligible variation
over Az.

5. Initialize by equating z to zero. The
corresponding value of © is -nug/2.

6. Using nup and ©(z = Az) in (13) obtain
2(A2)/2o

7. Using synthesis and subsequent analysis
technique obtain B, (Az)

Repeat the above steps until the physical
parameter of the transmission line corresponding
to Z(nuy/2) is reached.

In step (3) one can also choose the electrical length

of the taper directly, which alternatively fixes the
passband ripple.

DESIGN STEPS FOR 180° ASYMMETRIC COUPLER
Design of asymmetric coupler shown in Figure 3 is

based on choosing one of two parameters: the
cutoff electrical length nug and the sidelobe level.

o
PPl ©)

Zoe
2
ZOD
] )
=t = L
2 x=0 5
FIGURE 3 : Asymmetric 180° Directional Coupler



1. Given the coupling at infinite frequency C.,
determine the even mode impedance

e
Z —————atisr e

oe

.

From (13) the even mode impedance
distribution is obtained. For B, (z) take the
average of Boo (2) and Boe (2) at each step,
where:

Boo {2) is the odd mode phase constant.
Boe (2) is the even mode phase constant.

In the above procedure the physical dimensions of
the coupled lines are determined using a suitable
synthesis technique. Boo (z) and Poe (2) are
obtained using an analysis technique.

Currently optimum finline and suspended
microstripline tapers and couplers are being
fabricated and tested. The design detail and
experimental results will be reported in a later
submission. Figures 4 and 5 show the computed
taper profiles of Ka-band unilateral fin-lines, on 5
mils RT Duroid Substrate, using the above method.
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FIGURE 5 : Profile of Finline Taper at Ka-Band
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