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Dual-Band Power Divider Based on Semiloop
Stepped-Impedance Resonators

Stephane Avrillon, Sudent Member, |EEE, Ismael Pele, Anne Chousseaud, and Serge Toutain

Abstract—This paper presents a power-divider architecture
whose characteristics are adjustable independently at two fre-
quencies. The circuits uses a single semiloop stepped-impedance
resonator filter coupled to the input and output lines. A specific
methodology has been developed to design such acircuit.

Index Terms—Dual-band matching, power divider, stepped-
impedance resonator (SIR).

I. INTRODUCTION

HE different standards across the frequency spectrum in

the mobile communication arena have led researchers to
develop more and more versatile components. These compo-
nents have to address the requirements relative to the multifre-
quency and bandwidths.

One component of interest is the power divider [1]-{4]. This
component can be used in special microwave functions, such as
asplitter in antenna beam-forming systems[3], [4]. Little or no
interest has been focused in this area of research.

It is believed that it will generate a set of new investigations
into multiband beam-forming techniques.

A requirement to achieve multiband beam forming isaperfect
knowledge of the divider frequency response in and out of the
bands of interest. This involves a precise understanding of the
filtering and matching effects of the structure used asapower di-
vider. Thisrequirement plus the need for versatility to weigh the
array’s elements with any kind of amplitude and phase within
areduced size has lead us to investigate a new type of structure
based on the stepped-impedance resonator (SIR).

We have mainly focused on adual-band investigation, though
the possibility to extrapolate to over two bands is obvious and
under study. A first step has been a feasibility study of such a
power divider using single-pole resonating filters. Though the
filtering function has been limited to one resonator, this givesa
good idea and understanding of the behavior of more complex
structures using several resonators.

In order to have a compact structure, a semiloop SIR filter
has been synthesized by modifying classic single SIR filters[5].
The power-divider structureisthen derived from combination of
thesefilters. The frequency response of thefilter directly shapes
the power divider’s response.
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Fig. 1. Microstrip SIR filter example.
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Fig. 2. Classic single SIR with input/output coupled lines.

Il. DUAL-BAND MATCHING BASED ON SIR

Resonator filters are commonly used in microwave filtering
functions. SIR filters present the interesting property of having
several geometric degrees of freedom to set several resonant
frequency values and to control the out-of-band frequency
response.

The input impedance is matched and the output transmitted
signal ismaximized at resonant frequencies. These frequencies
and corresponding bandwidths are not linked ones to the others
and can be set independently by choosing appropriate geometric
parameters.

A. Description of a Sngle SR Filter

SIR filters are built with several line sections of nonconstant
widths coupled together, as shownin Fig. 1, in microstrip tech-
nology. SIR filter syntheses are usually based on alow-pass pro-
totype filter model with impedance or admittance inverters and
susceptance dope parameters [6], [8]. Usually, thanks to this
method, length and width values are set for the whole structure
with a chosen frequency response function (Chebyshev, Butter-
worth, etc.). Inthispaper, theaimisdifferent: thefilterisused to
obtai n two matching bands without particular shape constraints.
Thus, in afirst step, this study islimited to the case of asingle
SIR

B. Frequency Behavior of Sngle SR Filter

Each of the resonator’s geometry and dimensions can be de-
termined easily and, in general, the corresponding frequencies
are numerically determined. In the case of a symmetric SIR
(Fig. 2), an analytic solution exists. The symmetric resonator
that we used in this paper is constituted by three line sections
(Zg,ego), (Z1,2910), and (ZQ,QQ()). Z; is the characteristic
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Fig.3. Three-output port dual-band power divider anditscorresponding single
SIR filter.

impedance of theline i and Z, is the even-mode impedance of
coupled lines[ Z, and odd-mode impedance 7, are linked with
coupling coefficient & by (1)]. Z. is the reference impedance
and is set to 50 €. 8,9 isthe electrical length of an L; physical
length line at the first resonant frequency fo and is linked to
L;, relative permittivity .., light velocity ¢, and fy using (2) as
follows:

Z. Z.  [1+k

77, Ni-k @
27TLZ‘

tio = Jfo- (2
Cy/Eeff

To set up two frequencies (fp and f1), we usethe two resonant
conditions (3) and (4), which depend only on SIR parameters
[5]. We have introduced the parameter K = Z,/Z; to smplify
expressions. Actually, (72, 620) line sections are coupled lines,
and the electrical length of these coupled linesis 654.... Though
the approximation fsg.. = 629 introduces a shift in resonant
frequency values, it really simplifies the problem as follows:

©)
4

K =tan 910 - tan 920

K -tan <%910) + tan <%920) =0.

Bandwidth at f, can be controlled by spacing between cou-
pling lines. However, contrary to resonant frequency determi-
nation, bandwidth is difficult to estimate without heavy calcu-
lation. In fact, the coupling coefficient £ and coupling lengths
influence the overall bandwidth. The smaller the spacing and
longer the length, the wider the bandwidth.

C. Application to Dual-Band Power Divider

The transformation of a two-port filter into a power divider
can be redlized by coupling several output lines. To design a
three-port power divider, two additional lines must be coupled
on the output. To keep the structure symmetrical, a power di-
vider has been designed, as shown in Fig. 3.

To start the basic design of the power divider, the values of
spacings and widths obtained for the single SIR filter are kept.
However, due to the configuration described in Fig. 3, we can
see that ports 2 and 4 receive energy mainly from one resonator
as port 3 receives from two resonators.

Port 3 coupling length must be reduced to balance the three
outputs.

An optimization and simulation of this power divider has
been performed with a Duroid substrate (e,- = 2.6, loss tangent
0.001). Resultsare given in Fig. 4, showing an input matched at
two frequencies. The return loss mainly reaches 30 and 25 dB
at 0.9 and 1.96 GHz, respectively. The account for lossesin the
structure simulated gives fairly good transmission coefficient
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Fig. 4. Three-port dual-band power divider S-parameters.
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Fig.5. Threetypesof SIRs. (a) Classic SIR. (b) Semiloop SIR. (c) Loop SIR.
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Fig. 6. Model for a single-resonator filter.

values. Theoretically, without any loss, the three-way power di-
vider should present a4.7-dB transmission |oss compared to the
5 dB simulated in the actual structure.

This first approach of the dual-band power divider permits
to validate the method and the kind of resonator chosen. The
next step of the study isto have acompact structure keeping the
same properties. A solution is to bend the SIR resonator with
one constraint: to keep the same output configuration with three
coupling ports. The solution iswhat we have termed a semiloop
SIR.

IIl. SEMILOOP SIR FILTERS

A semiloop SIR must have the same geometry and dimen-
sions as a classic SIR to keep the same resonant frequencies.
Classic, semiloop, and loop resonators are presented in Fig. 5.
It has to be noticed that the loop SIR has not been chosen be-
cause it ismore difficult to make coupling with several lines at
one of its extremity.

To have the same behavior as a classic SIR structure, it is
necessary to keep resonant frequencies and bandwidths. For this
last point, we have devel oped a model that permits comparison
of the two kinds of structure bandwidths.

A. Global Model for Sngle-Resonator Filter

The frequency response of a single-resonator filter can be
characterized using the model presented in Fig. 6. It consists
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of two couplers, of which S-matrices are given using (5a) and
(5b), and atransmission line (electrical length &), which can be
simplified, in afirst approach, in a phase shifter (6) asfollows:

bi] _[su si2] [a
coupler 1 : = . 5a)
P [52_ | S21 822} _CLJ ( )
bs| _[s33s saa] [as
coupler 2 : = . 5b
up [54_ | 543 844} _CLJ ( )

. CLQ_ _— 0 C_je_. ba
Ime.{ag___e_je 0 | |:bg:|. (6)

With this model, it is possible to find the frequency response
S41 of the single-resonator filter. The result is given in (7) and
(8) asfollows:

b
Sy =—

ay

s43s21e77?

)

as=0 1 — S22833¢77 20

and with s;; = [3”[ . eI

suzsare 7Y

a1 = 1 — |sa2| - |s33|ed (0 +eeatess)

©)

S41 hasabandpass response with abandwidth generally quite
small (B < 10%), thus, &l the S-parametersmoduli of couplers
can be considered as a constant in this range. By using new
parameters (9), asimplified frequency response (11) is obtained
as follows:

A = |s43501| b= |s22] - |s33]

and
f
2= =20 + pos + @33 9)
fo
Sulf) = 4 (10)

1—b.c 32/ fo)"

The linearization of the exponential term can be realized by
usingdf = f - fo

A
Sulf) =Ty ==
_ A
B . df)
1-b-1—j27r—
< T
_ A
df
1-b+j2nb—
"
The new response can be identified using (11) as follows:
1
Su(f)=85n" ——. (11)
df
1 +Jf—

It is alow-pass filter with well-known parameters presented
in (12) and (13) as follows:

a
m

—b
2—7rb

Maximum magnitude: s3;** = (12

Cutoff frequency: f. = fo- (13)
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Fig. 7. Bandpass frequency response.
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Fig. 8. Filter configurations. (a) Classic SIR filter. (b) Semiloop filter.

Assuming df <« fo and with the help of Fig. 7 showing the
low-pass behavior around fy, filtering parameters can be deter-
mined as follows in (14) and (15):

Center frequency: fo
Magnitude at fj : 1i

s
Relative bandwidth at fp : 22 = 2~ °.
f b

Corresponding single-resonator parameters (16) and (17) are
given using (9)

(14)

(15)

St o = M (16)
— |s22] - s3]
1 — |s22] - |s33]
T - |so2| - |ssa] |
Single-resonator filter bandwidth could be entirely defined by
|s22] - |sas].

Filter magnitude &t f :

Filter bandwidth at f; : 17

B. Bandwidth Equivalence Between Classic SR Filters and
Semiloop Ones

Fig. 8 presents two configurations of filters, i.e., the classic
SIR filter [see Fig. 8(a)] and the semiloop filter [see Fig. 8(b)].

With the analogy between Figs. 6 and 8 and using (17),
the two filter bandwidths, we have calculated B¢ (18) for the
classic SIR filter of Fig. 8(a) and B (19) for the semiloop one
of Fig. 8(b). The equality between these two formulas gives a
simple condition (20) on the return-loss parameters as follows:

Y 1—1s2 2
pe =17 lhl 32[2 (18)
- [322[
1 — |s3s] - [s32]
b — a22 b22 (19)
- |555| - |55,
15321 :[532[- (20)
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Fig. 9. Graph representing relation between the two configuration coupling
lengths (e, = 2.6).

The two parameters s4, and s5, have been calculated using
the topology of Fig. 8 and using an accurate numerical model of
coupling areas [7]. Equation (20) between |s3,| and |s4,| then
gives conditions on 6, and 64 according to the coupling coef-
ficient £. An example of the result of this intricate solving is
presented in Fig. 9 for a substrate of relative permittivity equal
to 2.6. k islinked to even and odd impedances by (1).

Respecting these conditions, semiloop filters are more com-
pact than classic SIR filters without changing resonant frequen-
cies and bandwidths.

C. Semiloop Filter Design Process

The chosen filter structure is represented in Fig. 8(b). In
this section, the different steps of a semiloop filter design are
detailed.

Step 1) Thefirst step is the determination of the input cou-
pling electrical length 65, at fo. The larger 629, the
smaller the bandwidth. At the same time, input cou-
pled lines create anull in the frequency response at a
frequency corresponding with 26, = 180°. Thisnull
must be kept distant from any resonant frequencies.
The next step is how to obtain the coupling coeffi-
cient k. Thelarger %, thelarger the bandwidth. How-
ever, k is limited by technological considerations,
like minimum spacing between coupled lines. When
kisset, Z, and Z, arefixed. The impedance Z, of
asingle line with the same width than coupled lines
can also be calculated using a numerical model.
With Fig. 9, 67, is deduced with & and 650. Then,
05 = b0 — 83,. This chart must be plotted for the
relative permittivity that corresponds to the realiza-
tion.

Finally, the resonator constituted by two Z, linesand
one Z; lineimposesthe resonant frequencies. If two
frequencies are set, 817 and Z; are given using (3)
and (4).

Step 2)

Step 3)

Step 4)

IV. APPLICATION TO DUAL-BAND POWER DIVIDER

In this section, an example of design on Duroid (g, = 2.6) is
given. The power divider works at 0.9 and 1.94 GHz.

|IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 51, NO. 4, APRIL 2003

Ze=671, 54° Ze=67Q, 27°

o I I g

‘ 660, 31° 55Q, 27° |

Fig. 10. Semiloop dual-band 0.9-1.94-GHz filter.
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Fig. 11. Layout of the three-port semiloop-resonator power divider.
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Fig. 12. Simulated and measured return loss.

A. Dual-Band Power-Divider Design

1) Thezerointroduced by theinput coupler issetto 1.5 GHz
leading to f59 = 54°.

2) In order to have the desired bandwidth (B = 4.5%), k
is set to 0.3 (0.2 mm between coupled lines), which is
squaring with Z., = 67 . Thus, the coupled linewidth is
3.7 mm, which fits with a 55-Q2 linewidth (Z, = 55 ).

3) Fig. 9 gives 8, = 27° and, thus, 85, = 27°.

4) Finaly, 629, fo,and f; valuesareintroducedin (3) and (4)
andgive K = 0.84, 6,9 = 31°,and Z; = Z»/K = 66 2.

The corresponding semiloop filter is given in Fig. 10.

The method used in Section 11-C to transform this filter into
athree-port power divider isapplied and optimized with the use
of circuit ssimulation software Genesys (Eagleware, Norcross,
GA). It givesthe final structure represented in Fig. 11.

B. Dual-Band Power-Divider Smulated and Measured
Performances

The power divider has been simulated and realized. As seen
in Figs. 12 and 13, measurements and simulation are in perfect
agreement.

The device behavior presents two resonant frequencies (0.88
and 1.94 GHz) with expected bandwidths (4.5% at 0.88 GHz
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Fig. 13. Measured response.

and 7% at 1.94 GHz). The return loss at the input is approxi-
mately 13 dB at 0.9 and 1.94 GHz. Power levels on the three
outputs are almost identical (Fig. 12) with a shift of 5 dB with
respect to the theoretical 4.7 dB (third part of the input power
in each output). However, at 1.94 GHz, outputs are not as well
balanced (521 =54 =-56 dB and 531 =—-6.9 dB)

The output return loss of ports 2 and 4is 16 dB (in agreement
with aclassic SIR filter output), but for port 3, which has been
added inthe structureto have athree-way divider, thereturnloss
isonly 3 dB.

Isolations between outputs 2—4 are amost equivalent and
equal to —10 dB.

V. CONCLUSION

This paper has presented a study of the feasibility of de-
signing a new kind of dual-band power divider. We have de-
veloped amethod using aclassic SIR and then, in order to make
the divider more compact, semiloop equivalent ones.

A dual-band power divider (0.9 and 1.94 GHz) has been de-
signed. The design methodology, based on the couplings be-
tween microstrip lines and semiloop SIR resonators, allows the
attainment of acompact structure. It allowsalso controlling each
frequency, bandwidth, and output power level independently.

The next step of this study could be the development of
more complex structures based on couplings between several
resonators. More attention will be then be paid to the frequency
response shape, particularly the filter order and introduction
of transmission nulls, but compactness will constitute an
inconvenience that may be solved by choosing an appropriate
SIR ordering.
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