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Abstract

In the synthesis of the current source distribution function of an array antenna with the arbitrary
radiation pattern, the Woodward-Lawson sampling method has been mainly used for the synthesis
of an even function lobe pattern. In this paper, the method is extended to the synthesis of the odd
function pattern and then the optimum synthesis method for the nonlinear source distribution
function is proposed. The proposed method is applied to the design of nonuniform transmission lines
with arbitrary reflection responses. The both dispersive impedance profiles of single and coupled
nonuniform lines with arbitrary reflection responses are directly synthesized by the sampled values
of a reflected spectral pattern which is optimally shaped by a perturbation of its complex null
positions, hence removing the conventional step-by-step segmentation process and global
optimization routines. The control problem in the case that all of port impedances are identical is
also solved. The generality of the proposed method is verified by a filter design with the controlled
arbitrary passband
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2 A7 kg EA7)2ed HR02-2000- The study on nonuniform transmission lines
00270) A|YoZ =gl (NTLs) in frequency domain has been mainly
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based on the first-order nonlinear differential equation
[1~3] The
design of dispersive impedance transformers and

derived from the telegrapher’s equation.

asymmetric couplers with the taper has been most
commonly based on the step-by-step segmentation
process.m] However, the scheme is limited to a
special case such as the exponential and Chebyshev
taper. The symmetric tapered couplers have been
typically designed by an optimization of the coupling
coefficient which is parameterized for a special
backward coupling.[G‘ﬂ In order to overcome the above
limited, individualized and complex methods, this
paper presents a generalized design scheme for
dispersive single and coupled NTLs with arbitrary
passband in reflection. In the transition problem
between two impedances(Z, and Z;), two methods
are proposed: one is to determine a nonuniform
transition for arbitrary reflected levels in the specified
band, based on an adaptive control of a reflected
wave: the other is to make the procedure satisfied in
both cases that Z,=Z2, and Z,#Z, by using
improved Woodward- Lawson sampling method in
so-called line-source method® The Woodward-
Lawson sampling method has been restricted to the
even function line-source distribution making the
asymmetrical impedance profile. Here we improved
the method by extending to the case of odd function
line-source distribution making the symmetrical
impedance profile.
properties of those lines are adapted to the prescribed
pattern in the frequency domain by a perturbation of

In the scheme, the reflection

inherent complex null points in its features, and then
the corresponding impedance profiles are directly
determined by the sampled values of the adapted
pattern. The generalized scheme is well suited to the
design of dispersive single- and coupled-lines with
arbitrary  passband, without the step-by-step
segmentation  process overall optimization
routines. Since the scheme is basically established in
the electrical length domain, the problem of dispersion
treatment is also removed.

and
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FigR

0. Generalized Scheme

Let the characteristic impedanice Z, at z=0 be
connected to another impedance Z¥ at z= L through
the lossless dispersive line with a gradual transition
represented by the frequency-dependent impedance,
Z{z, /. And letting the four ports of a coupled-line
coupler be terminated in @ Z,,

Z20=420e(2 Y Z0o (2, /) for

throughout the design, in which Zy(2) and Zy(z)

the relationship

ze(0,1) preserved

is
are the frequency-dependent even- and odd-mode
impedances, respectively. Since the coupler can be
simplified to the two-port analysis in terms of the
even mode characteristics,m
input reflection coefficient from the

the magnitude of the
theory of
reflections on a non-TEM lossless tapered line can

be, in general, expressed as |H, (/)| ~ tanh(lr, (f )I), in
which (/) is expressed as follows.”

h(f)=fEtL )-exp(-j2[2 B,(z', £)dz )z

Z,(z,f)
035"

0

oy

where 8, is the phase constant of the transttion. The
general index s denotes as the index in the case of
the single line. In the case of -length coupled-line
coupler with the system impedance Z;, the index
can be replaced by 0e representing the even-mode.
First, we specify a design frequency as f=f, and
treat the L with a dilation factor, in the context of
Defining that p=2r(2/L—1/2) and

u= BN + L/z instead of ¥= LLﬂr(z’f)dZ/”, we obtain

this paper.

the following relationship over the range |p| sz

k() = [T, g(p) - exp(- jpu)dp

8(p)=(dIn(Z,(p, fo)/ Zo)/ dp)/2

2
&)

Expanding the g(p) as &)= Zn-olancosinp)+b,sin(wp)) by
the &(2) Woodward's idea,[g] the can be rewritten
by the restricted set of sampling functions as follows.
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h, () = S5 ma, (Sa(zw(u - n)) + Sa(x(u + )~ LI, ab, (Sa(x (u - n)) - Sa(z{u + n)))

@)

where H(W=7r(a,-jb,) and H#0)=27a9 The real

and imaginary part are even and odd in

u’
respectively. When Zi #Zo(or m®#0) and b,=0,

the schematic of ®) is typical of a lobelike taper
response which has the first half a lobe followed by
full lobes with null points in the positive « domain.
The lobe schematic is analogous to that of the usual
of the
antennas.” And then g(p) is corresponded to the
nonlinear distribution function of the line source. The

pattern  factor continuous line  source

problem we now are considering is how to utilize the
full advantage of the restricted #({%) in cases of

b,#0 or ZH/zZy,=1. We introduced the Taylor line
source pattem[g] of &(w) for a lobe control, and then
modified that in order to activate the case that 5,0,

based on the Orchard’s ripple-making theory.[8] The
result is as follows.
&

n--u

N
1

n=l,nom

hy(u) = A-Sa(mu)-

whose real and imaginary part are even and odd,
respectively. That is k w) =k, L) + 7k, (w0,
h (0)=0. Thus, the
consistent with that of eqn.(4), showing the general

where
framework of eqn(®) is
complex form equivalent to the set form of sampling

functions. %, is the null or dip position iIn =. v,
causes a dip in position which makes ripples. The
and u, are v, optimally perturbed for the [4w)
which has the individually prescribed N lobe heights
with the furthest lobes exponentially decaying in level
according to the coefficient A=1/21n(Z+/Z).

On the other hand, if Zi/Z,=1, then #,(u)=0.
This is trivial because of no reflection. So, it is
required that 4(0)=0 and hf«) has no any
deviation against the regular pattern at «+0. Thus,
&, 2) must become odd. Once the alteration is done,

=
>
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ht.a(u)
derivations must be interchanged in position for

must become even and then the two

maintaining the framework which is consistent with
the need to have g(p) be real. Letting the altered be
W W) = k() + i w) and defining 4{(w) = jhi(w)
vield a(u)= af Lu)+ jhi (). After some algebra on
the evenodd alteration in eqn.(4), we derived that

hidw=h, (w)+D, and ki (@)= h,2)— Dy~ D,

where Di=27-IY,b,-Sa(z-n) | D =2na, S,(7u)

and D2=27-%N,a, Sa(z(+n)  Thus, the following
relationship is obtained.

h) o g(p)= Zﬁo(a,, cos(np) + b, sin(np)) , if Z,L 1Zy #1

k() & g(p) = ZN, (b7 cos(np) + ay sin(mp)) | if Z{1Zo =1
®)

where b7 and af are the updated b,(=—h,,(n)/7)
and a,(=h,.(n)/7x) of hlw) which contributes to a
prescribed |42(w)|. Letting the general notation for
h{w) and #*(w) be hS(x) and then letting %% ,(u)
be th peak value and %{x) be the th dip value, the

error function is defined by the least square method
as follows.

N 2 2
E(X)= §=I(ln(hfp(X)/Sp)| +|in(a %)/ 8] )

pod )

where X=@U,V} in which U=[¥n]  and
V={v,»»vy], Minimization of E is achieved by
updating X to reduce the logarithmic difference
(kS hfp during the
(S,,S2

which represent the prescribed objective pth peak

between the performances

updating process and the specifications

value and th dip value. The iteration for minimization
with stopping condition E < ¢ is along with the
Davidon-Fletcher-Powell algorithm.

M. Applications and verifications

For the generalized strategy, we consider that
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p=(1,N) and
S,=0.04 for dem. When ZL/z,=2 for a single-line
en)
adapted by the Davidon-Fletcher-Powell algorithm
(e=10"% and the synthesized profile Z/(z) by the
distribution function g(#) calculated from the sampled
vale h(n) are shown in Fig.l. The peaks in the

N=10, m=3,7,8, S,=0.05 for

taper or tapered asymmetric coupler, the

case of N>10 are exponentially decaved as expected.
Considering the tapered asymmetric coupler, ZF is
corresponded to  Z5, which is the even mode
characteristic impedance at the point of the strongest
coupling"® The complete Dolph-Chebyshev  (0.05)
taper profile is also shown in Fig.l for comparison.
Assuming  ZH/ Zy=1(11(0)=), the
convergence, the nulls and dips are optimally
perturbed for k()| in the case that |4(«)| and

for rapid

then the resulting complex nulls are used as the
initial values for . The simulated results in cases that
ZF1Zy=1.001 and Zf/Z,=1 are shown in Fig.2. The
inset is the magnified figure at the small «. Fig.3
shows peaks and dips of the above controlled
reflection coefficients in the complex plane. The
optimally perturbed w, and v, are summarized in

AFAR 27

FhER

Table 1. And 6) are

summarized in Table 2.

resulting coefficients in

k23 1.9l AAd w9 k(W)Y A

&5 S A o, F o,
Table 1. Optimized «, and o, for the

adaptation to prescribed 14(w)] and

LA

ZiZy=2 | Z{Zy=1.001| ZF/Zy=1

U 1.019277 0.059255 0.092440
uy 1.809379 1.499813 1.290781
3 2.723735 2532773 2.469814
2 3.683074 3.546933 3.280433
s 4729072 4.627844 4407801
g 5788947 5.712918 5524132
U 6.797376 6739518 6.663975
g 7.739724 7.692069 7.637825
2y 8760562 8.724529 8578154
Uy 9.857528 9.831852 9.743455
U3 0.283660 0.308753 0.673465
g 0.317975 0.324920 0.316229
vg 0.321324 0.327680 0.466381

From the above examples, it is assured that the
arbitrary reflection coefficient can be easily controlled
and the corresponding impedance profile be directly

E: 2. BEZF g(p)9 AXEE A7 A5Ee A AT
Table 2. Simulated results of coefficients for distribution functions g(»).

ZHZy=2 ZE Zy=1.001 ZilZy=1

n by, a, b, ay ay b

(x107%) (x1079) (x1079 (x1079) (x1079) (x107%
0 nil 55.1589 nil nil nil
1 -0.2049 1.8702 2.1222 -15.3455 1.2085 -4.3928
2 -3.3081 85875 -76118 135165 -10.3024 85499
3 -10.4403 -10.9848 -8.2046 -135911 -5:8011 -45050
4 1.5288 12.8287 1.6306 15.2839 37288 10.4589
5 09116 ~11.4798 1.2247 -14.0434 -0.7160 -13.9997
6 -3.4521 8.2539 -4.7604 10.3311 -6.1508 147211
7 -9.3669 -10.3812 -8.2554 -12.0587 -6.0724 -14.4932
8 14.1668 43773 14228 55642 151381 2.9064
9 -4.8284 -8.8093 -5.3655 -9.7577 -95877 -11.9952
10 2.0990 5.9675 2.4666 6.8844 5.3742 10.3714

(246)
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constructed by the sampled values. Furthermore, even
if the port impedances are identical (Zf/Z,=1), the
control technique is well suited for any reflection. For
a practical example, assuming that is (0.1, 0.1, 01,
0.1, 0.1, 0883, 0.07, 0.07, 0.883) for N=9 and v,=0,
3-dB (H—t*(%)) bandpass filter in

reflection can be designed. Since v,=0, b,=bi= in

a periodic

eqn.(6). The results are shown in Fig4 (a) and (b).
For all practical applications which have been
investigated, excellent convergence to the desired lobe
pattern has been obtained.

The problem at hand is that of finding the
frequency responses. Since we have let = B{AL/x,
the schematic of |%%()| may be contracted or dilated
by L in the frequency domain, while the lobe peaks

of 1h%(H| are accordance with those of [47(w)l.
0.4
B2
5
E 0.3 1 ——: Synthesized h(u)
g (Z4/Zp=2)
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Fig. 1. Generalized stratedgy for lobe control.
{(a) Controlled reflection coefficients.
(b) Corresponding impedance profiles.
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Fig. 2. Transition determinations between two
identical impedances.
(a) Controlled lobes.
(b) Corresponding impedance profiles.
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Fig. 3. Peaks and dips of controlled lobes in complex

plane.
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Examples for periodical bandpass in reflection.
(a) Controlled reflection
(b) Synthesized corresponding
profiles.
(c) Evaluated frequency responses of imple-
mented microstrip  lines &,=10.2,

£2=0.635 mm

Fig. 4.

impedance

WHALS S-S 2 A g A IR

Accordingly, the line length L as the dilation factor
can be easily optimized by generating an error
function of frequency performances such as the
bandwidth and center frequency, and by slightly
changing the inserted lobe number and peaks in the
domain specification. Let's consider the just above
example. The chosen peaks and inserted number of
lobes acts as the centering in 8 GHz and 12 GHz in
the case of ZF=2,=1.001. Fig4 (¢) is the frequency

response calculated by the usual two-port analysis
performed on the cascaded equi-length segments
which consist of the microstrip line (e&,=0.635,
r=0.635mm) satisfying the impedance profile shown
in Fig4 (b). Here, the closed-form design formula™
has been used. The exact frequency centering in the
case of ZF=Z,=1 may be possible in a similar
manner.

Let’s consider the coupled-line 3-dB bandpass filter
with 2 GHz bandwidth at 10 GHz, aimed at making
all ports match the system. The adopted S, are
(013, 01, 01, 01, 0.1, 0833, 0.1, 0.1) for N=8. The
first lobe height has been chosen for the condition
Zg(2)>Zy which has to be satisfied for the physical

realization of coupler.” The Zy(2) synthesized from
the adapted |4{(«) is shown in Figh (). |HL(
means the coupling factor C in the symmetric
coupler.[6’7] The spacing S(z) between side edges of
two strips and strip width at the design frequency
f4=10GHz have been optimized by adopting
Kirschning and Jansen’s formulas™ under the coupler
condition Zy=V Zy(2)Zo,(2), and then the wiggly
technique for the equalization of phase velocities of
even and odd mode has been applied by introducing
wiggle depth D(2).™ The results are shown in Figh

(b). The implemented conductor pattern on the
RT/Duroid 6010 microstrp substrate (E,=10.2,
h=0.635mm)is shown in Fig.5. (c). Since the

configuration is the symmetrical continuous coupler,
the phase nature has the familiar quadrature property
with good group delay.[ﬁ] And the integrated
configuration has more advantage than a waveguide

(248)
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Fig. 5. Designed 3 dB bandpass filter and its
performances. {a) Synthesized impedance.
(b) Physical dimensions on microstrip.

substrated (e,=10.2, #=0.635 mm). (c)

Conductor pattern. (d) Calculated results by
coupler analysis and measured results.
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when the proposed technique applied The
frequency characteristics have been calculated by the
usual coupler analysis in which the S-parameter are
converted from the chain matrix of the designed
microstrip coupler with equi-length segmentation. The

is

calculated frequency characteristics are compared with

measured results in Figh (d), showing good

agreement.

IV. Conclusions

The single and coupled NTLs with arhitrary
passband has been easily designed by a generalized
scheme based on the optimum perturbation of inherent
complex null points in a reflected wave, whether port
impedances connected by a transition line are identical
or not. The control algorithm has been developed
from the shaped-beam pattern synthesis technique in
the line source antenna design problem. The
conventional  taper theories focussed on the
asymmetric  transition between two  different
impedances has been improved by making the
transition between same impedances be possible
Since the developed scheme is basically established in
the electrical length domain, the problem of dispersion
treatment can be automatically solved. Furthermore,
since the dispersive impedance profiles can be directly
obtained from the sampled values of controlled lobe
pattern, the conventional step-by-step segmentation
and repeated overall optimization process for a
dispersive NTL can be removed.
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