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A Wide-Band Multiport Planar Power-Divider
Design Using Matched Sectorial Components
In Radial Arrangement

Yung-Jinn Chen and Ruey-Beei W8genior Member, IEEE

Abstract—This paper proposes a new multiport planar power-
divider design by radially combining the sectorial components
and the input and output matching networks. This design can
achieve good input match over a wide bandwidth without resort-
ing to transformer sections of high-impedance lines, which are
difficult to realize. This approach is applied to the design of 4-
and 14-way center-fed power dividers in microstrip structures
with good input match (voltage standing-wave ratio (VSWR)
<1.5) over a bandwidth of 30% and 15%, respectively. The
return loss of output ports and the isolation among them in
the 14-way divider are less than—13 dB. A simple analysis
method using the radial transmission-line theory to model the
microstrip sectorial components is employed to characterize the
power dividers. The calculated scattering parameters are found
to be in good agreement with the measured data.

Index Terms—Microwave passive circuit, power divider, radial
transmission line.

|I. INTRODUCITON

ASSIVE power dividers/combiners have been used ex-

tensively in microwave and millimeter-wave applications.
For instance, they have been used in antenna-array feeding
networks to distribute signals into a number of equal-phase
outputs. Also, they have been used in solid-state power-
amplifier circuits for combining several signals to obtain a
signal output of large power.

Various designs for power dividers/combiners have been
proposed in the literature [1]. They can be separated into
two categories: those which combine the outpuiNofievices
in a single step (calledv-way power dividers/combiners),
and those which accomplish the power combining in several
steps via a chain (serial) or tree (corporate) configuration.
Generally speaking, the former can achieve higher combining
efficiency since the power generated does not have to pass (0)
several combining stages. One of the oldest and well knowig. 1. The planarN-way power divider/combiner. (a) Sector type. (b)
of these structures is the WilkinsaWi-way divider/combiner, Radial type.
for which the topology is nonplanar iV > 2 [2].

To cope with the development of prevailing printed cCirfig. 1(a) and (b), respectively. Sector-type dividers are truly
cuits technology, many-way power dividers/combiners arepjanar and have the capability of nonequal output power
implemented in planar form. They can be subdivided inf@yels at different ports [3], [4]. On the other hand, radial-
two groups—i.e., the “sector” and “radial” types, shown ifype dividers, which are usually coaxially fed, have perfect

Manuscript received November 5, 1996; revised May 11, 1998. This Wopﬁlance in both magthd_e and phajse of the output signals at
was supported in part by the National Science Council, R.O.C., under Gr&y frequency due to their geometrical symmetry [5], [6].

Zo, A4 zd

NSC 85-2623-D-002-017. _ o ~One of the major challenges in designing dividers is to
The authors are with the Department of Electrical Engineering, National. . . th t | id ti bandwidth
Taiwan University, Taipei 10617, Taiwan, R.O.C. mm'm|2? e re.um 0SS over a wiae opera ”."g a_n Wi :
Publisher Item Identifier S 0018-9480(98)05514-8. Theoretically, this problem can be solved by including sev-

0018-9480/98$10.001 1998 IEEE

Authorized licensed use limited to: National Taiwan University. Downloaded on February 25, 2009 at 01:07 from IEEE Xplore. Restrictions apply.



CHEN AND WU: WIDE-BAND MULTIPORT PLANAR POWER-DIVIDER DESIGN 1073

central fed
probe

substrate: er

— T |

(b)

sectorial

(©

Fig. 2. The proposed power divider design. (a) Entire topology. (b) Geometry of the microstrip sectorial component. (c) Geometry of the input or
output matching network.

eral transmission-line sections of different impedances feign is fabricated and measured, exhibiting good characteristics
impedance matching. However, the matching will require @ver a wide bandwidth. Finally, brief conclusions are drawn
larger range of impedance levels if either the number of outpot Section V.

ports N or the desired bandwidth increases. In practice, these

impedance levels are difficult to realize due to limitations in

the achievable linewidths in microstrip or stripline transmis{l. DESCRIPTION OFTOPOLOGY AND METHOD OF ANALYSIS

sion media. For example, Hanczor and Kumar [6] proposed arg n_way power divider proposed in this paper possesses
14-way power divider using maximally flat two-transformef, o topology shown in Fig. 2(a). It consists of four parts:

sections. The 14 ports (5@) are first combined in pairs, 1) radial fan-out from the center-fed probe;
setting up several lines each at a2%evel. The 25 lines are 2) input matching network; ’

transformed up to 35® through the two-section maximally 3) sectorial component;
flat transformer. The seven parallel 3&0ines provided a 50- output matching net\,/vork.

€2 input at summing points, thereby achieving an impedanq.%e geometry of sectorial component is shown in Fig. 2(b).
match to 50€2. From the schematic of the 14-way POWEY, may connect one input port to one output port and serve

d|V|d(_er,_th_e y a%opted t\gg quzrtlg(—)vxal\_/elengthh shecuons _Of _Ch%rs' an impedance transformer. It may even connect one input
acteristic impedances 37 an Ine with characteristic port to two or more output ports and provide an additional

impedance of 14® is not realizable in microstrip or stripline power-dividing stage. Note that the topology may reserve its
media unless special substrates are used. pure symmetry if the number of output ports connected to
In Section Il of this paper, we propose a new topolog¥ach sectorial component is no more than two. The geometry
which can alleviate the limitation of linewidth in design ofyf the matching network is shown in Fig. 2(c). It is made of
N-way power dividers with largev and wide bandwidth. The three transmission-line sections of different impedance levels
topology is composed of several matched sectorial componegggi lengths.
in a radial arrangement. The sectorial component is analyzed\lthough a detailed full-wave analysis based on a mixed-
by using the radial transmission-line approach [7], which {sotential integral-equation formulation has been developed for
generalized to handle an arbitrary sector angle. Section &iibitrarily shaped microstrip structures [8], it is too numer-
presents two design examples and discusses the improvenieslty intensive to deal with the present divider structure.
in bandwidth obtained by the addition of the input and output simpler and better approach to aid the divider design is
matching networks. The resultant 14-way power-divider deecessary. Here, we employ transmission-line theory to deal
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with the matching networks and radial transmission-line theotlye design of the power divider/combiner, the junction effect is

to handle the sectorial component. evaluated by using the Williamson model, in which the param-
Radial transmission-line theory is covered in detail in theters of the equivalent circuit are obtained by employing the

literature [7], [9]. Although originally developed for a disk, itTEM analysis for the electric field in the coaxial aperture [13].

is applicable to the sector-shaped component if the fringing

field effects due to the open edges can be properly modeled. 1ll. EXPERIMENTAL AND THEORETICAL RESULTS

Consider the ci_rcuit of Fig. 2(b), in Wh_ich a sectqr of s_panning Since the topology proposed here has angular symmetry, it
angle ¢o and inner and outer radir; and r, is printed | not exhibit any amplitude and phase imbalance among the
on a substrate of height and dielectric constant,. It  output ports when operating as a power divider. In addition,
has been proposed that in order to give accurate resyjfg sectorial component is included to improve the impedance
when compared with experimental data, the sector dimensiQfgich. The very narrow lines resulting from impedance-
should be suitably enlarged and the underlying substrgifytching requirements over a wide bandwidth for large N can
should be replaced with a material of equivalent relativige gvoided by properly selecting the angle and radius of the
permittivity ecq [10]. The inner and outer radii; andr, are sectorial component. Two examples are included to demon-
enlarged to become effective inner and outer ragdiiandr,.  strate the design procedure. In the realization, the power di-
by using [11, egs. (1) and (2)]. viders are all designed in microstrip medium with substrate di-

The impedance matrix elements for the equivalent sectorigkctric constant of 4.33 and height of 1.5 mm. The output 50-
component, with port 1 at the inner periphery and port 2 gt transmission lines which are 2.89-mm-wide microstrip lines.
the outer periphery, are then given in [9]

7 _j%e C z A. Four-Way Power Divider Without Matching Network
11 — %o
Tie ST The first example is a four-way power divider in microstrip
Ty = Zn :foe Zo medium. The power incident from the center-fed probe is
Tie SN divided into four 50¢2 transmission lines through four sectorial
Zas :jﬁzo (1) components, without input or output matching networks. The
Sn sectorial component works like a tapered transmission line,
where b thereby performing an impedance transformation from the
Z, = N central probe to the output port. The radius of the inner
Po7oe periphery r; is chosen to be the radius of the center-fed
Sn = ke [V (krie) Ty (ko) — T (krie) Vi (Eroe )] probe._ The radius of _the outer periphery i_s such that the
2 sectorial component is nearly resonant (i.&.(k,7,) = 0
COs = ke [Yo(krie) Ty (kroe) — Jo(krie) Vi (kroe)] whgreko =2/, u(?eoeeq) at the center frequencﬁo. Then,
2 the impedance looking from outer raditjsinto the center-fed
s = ThToe [Ty (ki) Yo(kroe) — Yi(krie ) o(kroe )] portis plotted ve_rs_us_the sector angle from whichg, can be
2 S _ determined to minimize the return loss at the center frequency.
~The wavenumbet and intrinsic impedance in (1) are  |n the present case, consider the center frequeficy=
given by 3.3 GHz and inner radiug; = 1.0 mm. From the requirement
_ [ o Ji(kor,) = 0, the outer radius, = 26.6 mm is determined.
k= wy/oceqtto 1= €0feq (2) By varying the sector anglg,, the impedance at the output

where ¢, and ;1o represent the permittivity and permeabilityP®rt 100king into the central probe is0 - NV = 200 €, as
in free space, respectively. shown in Fig. 3. The imaginary part of the impedance is zero

If the feeding line is a coaxial probe, the inner radiys at¢o = 27.4°. The real part is about 58, a good impedance

is chosen to be the radius of the probe. If the feeding line f(ch to the output port. o
a microstrip line, the effective inner radius is related to the_The scattering parameters of the four-way power deder
effective width W by with the outer radius 26.6 mm and sector angle= 27.4

are shown in Fig. 4, with the experimental data also shown. It

Tie = & (3) isin good agreement with the theoretical prediction calculated
2sin (%) by applying (1).
in which the effective width is given by the well-knownB. Four-Way Power Divider with Both Input
formula [12] and Output Matching Networks
1207b

Mninhdehal (4) As shown in Fig. 4, the sectorial component can achieve a

Zov/Ere good input match only over a narrow bandwidth. To improve

where Z, ande¢,. represent the characteristic impedance antle bandwidth, it is helpful to first investigate the equiva-

effective dielectric constant, respectively, of the microstrilent impedance seen from the output port into the sectorial

line. component versus the outer radiysat operating frequency
Since the structure is centrally fed by a coaxial probe, thefg = 3.3 GHz. In this case, the impedance curverat= 26.6

is a discontinuity between the probe and radial line junction. mm has a sharp slope (see Fig. 5). This means that a slight

Weff =
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Fig. 3. The impedance of the sectorial component of the four-way powefy. 5. The impedance of the sectorial component of the four-way power
divider seen from the outer port versus the sector angleat frequency divider seen from the output port versus the outer radius
fo = 3.3 GHz. The outer radius, is 26.6 mm.
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Fig. 4. Calculated and measuréd; and Sy; (N = 2, 3, 4, 5) versus Fig. 6. Calculated and measuréd; and Sy (:N = 2, 3,4, 5) versus
frequency for a four-way power-divider désign without matching networlI.requenC.y flor a four-way povx_/er-d|V|der ?\g&gn W'Fh m(é]}tCh'ng nEtworks. The)
: : i or 40 e o geometrical parameters on input matching section (from probe to sector):
;I‘-he—geZ%r%e‘#\(r:]?I parameters on sectorial componft= 27.4%, 7y = 1.0, W1 =1.07,L1 =5.64, W =1.17, Ly = 3.31, W3 = 2.89, L3 = 5 mm;
o ’ on sectorial componentyy = 51.4°, r; = 3.33, r, = 15 mm; on output

. . matching section (from sector to output port)’s = 4.96, Ly = 5.94,
change in geometry or frequency will detune the resonamt, = 6.97, 1, = 5.89, W; = 2.89, L; = 10 mm.

condition. As a result, the design using sectorial component

only cannot exhibit a good impedance match over a widetworks are chosen to be one-eighth wavelength while the

frequency band. impedances are determined by three-section eighth-wavelength
This paper proposes a new wide-band design with tii@nsformer design [14]. The section lengths and impedances

topology shown in Fig. 2. The design procedure starts witiie then optimized so as to maximize the bandwidth in the

the selection of adequate radius and angle of the sectoff@iquency band over which the return loss is small, e.g.,

component for a flat impedance response. For example, voltage standing-wave ratio (VSWRJ1.5. For the present

is chosen to be 15 mm, as evident from Fig. 5, where tlease, it takes about 10 min to achieve the optimized design

sectorial component is nearly resonant, but the impedance levging HP-EEsof at the Sparc-10 workstation.

is comparatively flat. The impedance curves versuswith The scattering parameters of the four-way power divider

different sector angles, have been investigated. Althoughwith both input and output matching networks are shown in

not shown here, the curve can become flatter if a laggeis Fig. 6. The theoretical and experimental results are in good

chosen, saypo = 51.4°. agreement. The bandwidth of the power divider has been
Given the geometric parameters, the generalized impedasignificantly enlarged by adding input and output matching

matrix of the sectorial component can be extracted by (I)etworks. Based on the criterion of VSWRL.5, the band-

Then, the impedance matrix is put into the commercial sofvidth is as wide as 30.8%.

ware HP-EEsdf to design the input and output matching

networks for optimizing the bandwidth of the total topologyC. 14-Way Power Divider Without Matching Network

Initially, all sections in both the input and output matching The second example considers the design of a 14-way power

IHewlett-Packard,User's Guide for HP EEsof High-Frequency Designd'v'der’ for which it is mo're difficult to achieve gOOd Input
Solutions HP part E4605-90030, Santa Rosa, CA. match due to a largev (i.e., larger change of impedance
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Fig. 7. Calculated and measuréd; and Sy (N = 2,3,---,15) versus 'g
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Fig. 9. Calculated and measurefi-parameters versus frequency for a
14-way power-divider design with matching networks. The geometrical
parameters on input matching section (from probe to sectbh): = 0.50,

Ly =14.0,Wy = 4.36, Ly = 12.4, W3 = 2.89, L3 = 5 mm, on sectorial
componentipg = 51.4°, r; = 3.33, r, = 15 mm; on output matching
section (from sector to output port)l’s = 4.80, Ly = 7.35, Wy, = 8.19,

Ly =7.84, Wy =2.89, Ly =10 mm. The presence dVg, , Lr,, Wg,,
Lp, is neglected in the analysis and optimization.

when the number of output porf€ is large and only sectorial

. . . . . . components are used.
Fig. 8. The planar 14-way power divider/combiner with chip resistors.

level). To solve this problem, a two-stage design is employdd: 14-Way Power Divider with Both Input
First, the input signal is divided into seven ports radially, thed'd Output Matching Networks
the sectorial component divides each port into two ports. A wide-band design for the 14-way power divider can be

The design procedure of the 14-way power divider withoiccomplished by using the new topology shown in Fig. 2(a).
matching network is the same as in Section lll-A. GiveAccording to the aforementioned design procedure, we select
the operating frequency, = 3.3 GHz and output radius adequate outer radius, = 15 mm and sectorial angle
r, = 26.6 mm, the input impedance seen from the output pogly = 51.4°. The input and output matching sections are de-
versus the sector angle has been investigated. It is worth notgigned after an optimization. Typically, the isolation among
that the anglep, cannot be too large to make two adjacentutput ports can be improved by including proper isolation
sectors overlap. A good choice to minimize the return lossiissistors, as illustrated in Fig. 8. The values of the resistors
found to be¢g = 41.4°. The impedance seen from the outpuinh the two stages are optimized by using the commercial
for this design is about 6, which is too high to match the computer-aided design (CAD) software HP-EEsof. They are
output port impedance df0/2 = 25 Q. found to beR; = 62 Q and R, = 35 .

The scattering parameters of the power divider are shownThe scattering parameters of the resultant 14-way power
in Fig. 7. Theoretical and experimental results are in godativider are shown in Fig. 9. Both the theoretical and experi-
agreement. However, the reflection coefficiefit; is not mental results are shown and found to be in good agreement. It
satisfactory in the frequency range of interest as predictazin be verified that the power divider exhibits low return loss,
This shows that the input match is more difficult to achievieleal amplitude and phase balance, and good port isolation

Authorized licensed use limited to: National Taiwan University. Downloaded on February 25, 2009 at 01:07 from IEEE Xplore. Restrictions apply.



CHEN AND WU: WIDE-BAND MULTIPORT PLANAR POWER-DIVIDER DESIGN 1077

of chip resistors (i.eWgr,, Wg,, Lr,, Lr, in Fig. 8) are also
811 ] put into the optimization. Thus, the design can still achieve
good input match, but with a slight decrease in bandwidth
as the tradeoff. The amplitude imbalance is measured to be
40.37 dB and phase imbalandel.98 in the frequency band
3-3.5 GHz. Although having a much wider bandwidth, the
present design can still yield comparable performance to the
previous design in [6], in which the amplitude and phase
imbalance are measured to #€.2 dB and+6°, respectively,
in the frequency band 2.7-2.9 GHz.

However, the return loss of all circumferential ports and the
isolation among them are found to be less thal® dB. This
is worse than the design in [6], where the isolation is measured
to be —18 dB. The worst isolation happens between two ports
of the same sectorial component, which also makes the design
narrow banded compared to the isolation between other ports.
To be more specific, consider ports 2 and 3. When the two
ports operate at the differential mode, a significant amount
of the incident current at port 2 will flow into port 3. The

amplitude (dB)

phase imbalabce (degree)

experiment —

-5 presence of isolation resistd®; between ports 2 and 3 can
& -10 absorb the undesired leaky current satisfactorily for a limited
% 15l frequency range only.
S 20
g-25 IV. CONCLUSIONS
s .30 .
a5 This paper has proposed a new topologyNofway power
40 divider that achieves high bandwidth without resorting to
M P 3 a 5 6 transmission-line sections of too wide or too narrow linewidth.
freq (GHz) The topology is basically radial, which maintains perfect

balance among the output ports. It includes sectorial com-
Fig. 10.  Another design for a 14-way power divider with matching networkz) nents to provide the impedance transformation as well as
The geometrical parameters on input matching section (from probe to sect rg .. - .
W, = 1.06, L, = 13.95, W, = 2.83, L, = 14.09, W5 = 2.80. Ls — 5 an additional power-dividing stage. Also, input and output
mm; on sectorial componentyy = 51.4°, r; = 3.33, r, = 15 mm; matching networks formed with transmission-line sections
2’; ftg‘fglr’“?é,‘;h'ig 5522“02 grggm ;f,el"tozr gogg“tft‘t:poiﬂgﬁ T i‘rii’” of different impedance levels and lengths are inserted to
sections for the connection of isolation resistors are suchiffat = 2.59, IMProve Input match. A simple analysis method based on
Ly, =4.95Wg, =4,andLg, = 2.3 mm. radial transmission-line theory is employed to obtain the
impedance matrix of the sectorial components, which is then
in the frequency band of interest. For the criterion of VSWRsed with the aid of CAD software to design the matching
<1.5 (or |S11] < —14 dB), the bandwidth is 15.7% centerechetworks.
at frequency 3.3 GHz. Over this bandwidth, the imbalance isThe new topology is employed in design of 4- and 14-
measured to be less thar0.6 dB in amplitude and:5.02 way power dividers in microstrip medium. In each example,
in phase. The return loss at all circumferential ports and thlge design with matching networks can achieve good input
isolation among them are less thad3 dB. Hence, this design match over a wide bandwidth. For the criterion of VSWR
is also suitable to serve as a power combiner. <1.5, the achievable bandwidth is 30% and 15% for the 4-
In contrast, Hanczor and Kumar designed a 14-way powend 14-way power dividers, respectively. These power dividers
divider of similar performance [6]. Their design called fowere fabricated and measured. The measured and predicted
guarter-wave transformer sections with impedance level wsults are in good agreement. It is verified that the design
large as 14@. Such a high impedance line is quite difficult tdbased on the new topology can achieve perfect balance of
realize in practical geometry if the substrate is present. Hoautput powers, low return loss, and good isolation over a wide
ever, in the present design, the characteristic impedance of la@mdwidth, even when the number of output ports is large.
matching transmission-line sections is at most hich is
easier for realization by most transmission-line configurations, REFERENCES
e.g., microstrip lines. L o _
It is possible to further reduce the highest impedance levet! Pl\</l-i(;Jr-c) Egizeﬂ'he':)/'r';r%‘:;"fof?\;"f{_g‘;r’ngg'ngtfzgg'quf'iggans'
of the transmission lines in the matching sections. As Fig. 1] E. J. Wilkinson, “An n-way hybrid power divider,"IRE Trans. Mi-
shows, the scattering parameters of another design has tE? go/\iva/\iﬁ&hzzﬂéT:ﬁgvrgl'CMEngiapeM tllgjvvl;f,uﬁzg-u;?ggwer divider
highest impedance level of 829 and chip resistord?; = e e '
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