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A Novel Configuration for1 :N Multiport Power
Dividers Using Series/Parallel Transmission-Line

Division and a Polyimide/Alumina–Ceramic
Structure for HPA Module Implementation

Masashi Nakatsugawa, Member, IEEE,and Kenjiro Nishikawa, Member, IEEE

Abstract—A novel configuration for 1 : multiport power di-
viders using series and parallel division of the transmission lines
with a polyimide/alumina–ceramic structure is proposed and suc-
cessfully demonstrated. Since these circuits need only line divisions
and mode transitions to function as power dividers, they inherently
possess an extremely flat frequency response. The polyimide/alu-
mina–ceramic substrate suits the three-dimensional arrangement
of various kinds of transmission lines and their transitions. It is also
useful in implementing high-power-amplifier multichip modules
because the alumina substrate can hold all active devices or mono-
lithic microwave integrated circuits and provides convenient inter-
faces between them and the power dividers. The line divisions and
mode transitions are analyzed by a commercial electromagnetic
simulator. Two types of1 : 4 power dividers, which are series/par-
allel and parallel/series configurations, are fabricated. No peculiar
resonance was observed over the frequency range of 1–8 GHz. The
amplitude deviation over this range was less than 3.2 dB.

Index Terms—Alumina, multilayer, parallel division, polyimide,
series division, transformation, transmission line.

I. INTRODUCTION

T O REALIZE the development of advanced wireless com-
munication systems, RF circuits with broad-band or multi-

band capability are more important than ever before. In order to
satisfy the high data-rate transmission requirement with many
channels, the bandwidths of the future wireless communication
systems should be drastically increased. Moreover, new systems
under development like software defined radios (SDRs) [1] re-
quire an especially broad frequency range. SDRs can operate as
several kinds of wireless communication systems simply by re-
placing their signal processing software. This changeability can
be realized only if the hardware supports all of the frequency
bands used by each system. For these reasons, increasing the
frequency range offered by RF components is becoming a crit-
ical goal.

High-power amplifier (HPA) modules are essential compo-
nents to construct any kinds of wireless communication sys-
tems. Their improvement will facilitate reductions in the cost,
size, and power consumption of the systems. Fabricating ampli-
fier modules with solid-state devices is one attractive approach
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to miniaturizing the components as well. However, the max-
imum available output power is constrained by the performance
of each device. In order to increase the total output of the power-
amplifier modules, the input power should be divided among the
unit amplifiers used. After which, each stream should be ampli-
fied and effectively recombined.

Wilkinson dividers, branch-line hybrids, and directional cou-
plers are frequently used as power-dividing and power-com-
bining components in conventional HPA modules [2]–[5]. A
common feature is that they consist of quarter-wavelength trans-
mission lines or equivalent impedance-transforming networks.
Although they have an interesting response under impedance
transformation, their passband width is limited. In order to elim-
inate this constraint, the dividers must usually have more trans-
mission lines so as to prevent any drastic change in the charac-
teristic impedance of the lines. This expands the total size of the
power dividers and increases the insertion losses.

In this paper, we propose a novel configuration to realize
power dividers. The configuration consists of series and parallel
division of the transmission lines fabricated on a polyimide/alu-
mina–ceramic multilayer structure. It also reduces unwanted
resonance at the power divisions and line-type transitions. This
improves the frequency response and increases the available fre-
quency range. The polyimide/alumina–ceramic structure is suit-
able to build various types of transmission lines and their tran-
sitions and, thus, simplifies the power-divider layout. The char-
acteristics of the divisions and transitions were examined by a
commercial electromagnetic simulator. With the proposed con-
figuration, extremely broad frequency-band power dividers are
obtained.

II. CONVENTIONAL STRUCTURE

Some conventional configurations for the power
dividers are shown in this section. Specifically, power
dividers are discussed. Fig. 1(a) and (b) shows the type-
and type- configurations for Wilkinson power dividers,
respectively. In type- , the power fed to the input port of the
power divider is divided into four and delivered to each of
the output ports. In order to maintain impedance matching
at the circuit interfaces, all of the ports should have stan-
dard impedance , which is usually chosen as 50. The
quarter-wavelength transmission lines are used for impedance
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(a)

(b)

Fig. 1. (a) Type-A Wilkinson divider. (b) Type-B Wilkinson divider.

Fig. 2. 1 : 4 power divider using branch-line hybrids.

transformation. As is well known for a quarter-wavelength line,
characteristic impedance is related to input impedance
and output impedance as shown in the following:

(1)

Hence, the transmission lines in typeshould have a charac-
teristic impedance of .

Type is an alternative that avoids drastic changes in the
characteristic impedance of the transmission lines. Twodi-
viders are cascaded to build the divider. As the change in
impedance is more moderate than that in type, trans-
mission lines can be used in this configuration. The drawback of
type is that it uses more transmission lines than type. This
can increase the insertion losses and the occupied circuit area.

Fig. 2 shows another configuration of the power divider.
This is composed of three branch-line hybrids. Since each of the
branch-line hybrids contains two pairs of quarter-wavelength
transmission lines, the area can easily become larger than that of
the Wilkinson divider. In addition, the bandwidth of this power
divider is the narrowest among the examples.

The weakness of these three circuits is caused by the use of
the quarter-wavelength transmission lines. Eliminating the use
of quarter-wavelength transmission lines can improve the per-
formance and reduce the size of the power dividers. In the fol-
lowing section, series and parallel divisions of the transmission
lines and their application to power dividers will be described.

Fig. 3. Generalized configuration of the series/parallel-division power divider.

III. SERIES/PARALLEL -DIVISION POWER DIVIDERS WITH

POLYIMIDE /ALUMINA –CERAMIC STRUCTURE

Fig. 3 shows the generalized configuration of the series/par-
allel-division power divider. A fundamental unit of this power
divider is the cascade connection of a series and a parallel divi-
sion of the transmission line. This makes a four-port power di-
vider. The series division halves the port impedance, while the
parallel one doubles it. Hence, the circuits whose series signal
path contains the same number of series and parallel divisions
have the same output impedance as that of the input. When
units are connected in series, the number of portsis given
by the following:

(2)

These line lengths need not to be a quarter-wavelength. More-
over, this configuration does not impose any frequency response
limit because it employs only the line-type transitions of the
transmission lines. Therefore, the frequency performance is the-
oretically flat over the entire frequency range.

Fig. 4(a) and (b) shows two examples of the series/parallel-di-
vision power divider. In Fig. 4(a), the power is first divided in
parallel and series divisions follow. The impedance combination
of this arrangement is 50–100–50. This configuration is suit-
able if the fabrication process can accurately fabricate 100-
lines. Fig. 4(b) shows the 50–25–50-configuration. This is fa-
vorable when precise 25-lines can be produced.

A. Series Division of the Transmission Lines

Series division of the transmission lines halves the
impedance. Examples for the slotline and stripline arrange-
ments are shown in Fig. 5(a) and (b), respectively. Intuitively,
the mechanism of this division can be explained as follows.
We can assume the existence of a symmetrically distributed
electric field between the two conductors forming the line.
When the third conductor is inserted exactly between these
two conductors, the strength of the overall electric field is
not affected by this physical change. The voltage impressed
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(a)

(b)

Fig. 4. Examples of the series/parallel-division power dividers.
(a) 50–100–50
. (b) 50–25–50
.

(a)

(b)

Fig. 5. Series division of the transmission line. (a) Slotline. (b) Stripline.

on one of the conductors and the third one is one-half of the
original. However, the condition for the current remains the
same as before. As a result, the impedance of the divided part is
one-half that of the original line. Consequently, series division
of the transmission line can halve the impedance.

(a)

(b)

Fig. 6. Parallel division of the transmission line. (a) MS. (b) CPW.

B. Parallel Division of the Transmission Lines

Parallel division of the transmission lines doubles the
impedance. This is normally used for simple line divisions.
The mechanism of the impedance change can be explained by
analogy to the parallel connection of two passive circuit ele-
ments. In order to obtain total impedance of, the impedance
should be if two elements are connected in parallel. Sim-
ilarly, the characteristic impedance of the transmission lines,
which are connected in parallel, should be to yield the
same impedance as the transmission line whose characteristic
impedance is . Conversely, the output impedance would be
twice the input impedance if one transmission line is divided
into two. Fig. 6(a) and (b) shows examples of these types of
divisions. The former shows the microstrip line (MS), and the
latter shows the coplanar waveguide (CPW).

C. Utilization of Three-dimensional Properties of the
Polyimide/Alumina–Ceramic Structure

Many reports have described the flexibility offered by the
multilayer structure in fabricating transmission lines [6], [7].
The introduction of the three-dimensional structure helps to in-
crease the freedom in arranging the various kinds of transmis-
sion lines and their combinations. The authors previously re-
ported a series/parallel-division power divider fabricated with a
combination of CPWs and slotlines, both of which are a planar
structure [8]. However, using the three-dimensional structure
with series and parallel divisions has not been reported to date.
Combining the advantages of the three-dimensional structure
with those of the series/parallel-division power dividers opti-
mizes the construction of transmission-line transitions, which
reduces ruffles in the electromagnetic fields at the transitions.
This improves the overall performance of the dividers.
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Fig. 7. Cross section of the substrate.

(a)

(b)

Fig. 8. Simulated results. (a) Simulated current density of the divider. (b)
Simulated performance of the divider.

A cross section of the basic polyimide/alumina–ceramic sub-
strate [9] is shown in Fig. 7. The base–substrate is 1-mm-thick
alumina. The polyimide part is composed of four layers of
a 25- m-thick polyimide film. All of the lines are made of
copper, whose thickness is 5m. This structure enables us
to realize low-loss components. Moreover, HPA modules can
be constructed with this structure easily because the alumina
substrate is suitable for holding active devices or monolithic
microwave integrated circuits (MMICs).

D. Electromagnetic Simulation of the Divider

Divider performance was analyzed by using the commercial
electromagnetic simulatorem of Sonnet Software Inc., Liver-
pool, NY. Visualized current density and frequency responses
are shown in Fig. 8(a) and (b). The current is mostly concen-
trated at the points of mode transitions and is distributed evenly
along the slotlines’ gap, both before and after the line divi-
sions. The calculated results indicate that the derived current
of the line, which is originally connected to the signal line of

Fig. 9. Equivalent circuit of the parallel(MS)/series(slot) divider.

Fig. 10. Parallel(MS)/series(slot) divider.

Fig. 11. Performance of the parallel(MS)/series(slot) divider.

the MS , was slightly larger than that connected to the
ground . The phase difference between these two output
signals was exactly 180, which is extremely useful when real-
izing baluns and antiphase dividers.

IV. EXPERIMENTAL RESULTS

A. Parallel(MS)/Series(Slot) Dividers

Fig. 9 shows the equivalent circuit of the parallel(MS)/se-
ries(slot) divider. The input port for this divider is an MS line
divided into two parallel lines. Each of the lines are transformed
into slotlines and divided into two in series. The slotlines are
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Fig. 12. Equivalent circuit of the series(slot)/parallel(MS) divider.

Fig. 13. Photograph of the series(slot)/parallel(MS) divider.

again transformed into MSs, and divided into two. Thus, this
structure has 50–100–50-combinations, which are parallel/se-
ries divisions.

Fig. 10 shows a photograph of the parallel(MS)/series(slot)
divider. The input port is located at the left-hand-side edge of
the substrate, and the two output ports are on the top and bottom
sides.

Fig. 11 shows the performance of the parallel(MS)/se-
ries(slot) divider. Input return loss was more than 11 dB over
the frequency range from 1 to 8 GHz. ranged from 5.5 to

6.7 dB, from 6.9 to 8.6 dB, from 6.8 to 8.3 dB
and from 5.7 to 6.5 dB. The performance was quite flat
over the measured range. At any frequency, the insertion losses
of and were smaller than those of or .

B. Series(Slot)/Parallel(MS) Dividers

Fig. 12 shows the equivalent circuit of the series(slot)/par-
allel(MS) divider. Although the input port is an MS, it is imme-
diately transformed into a slotline, which is divided into two
in series. Each of the divided lines are transformed into MS
lines and divided into two in parallel. Thus, this structure of-
fers 50–25–50 , which are series/parallel divisions.

Fig. 13 shows a photograph of the series(slot)/parallel(MS)
divider. The input port is located at the left-hand-side edge of
the substrate, and the two output ports are on the top and bottom
sides. The line sizes are exactly the same as those simulated,
which are shown in Fig. 8(a).

Fig. 14 shows the performance of the series(slot)/par-
allel(MS) divider. Input return loss was more than 18 dB over

Fig. 14. Performance of the series(slot)/parallel(MS) divider.

Fig. 15. Performance of the series(slot)/ parallel(CPW) divider.

the frequency range from 1 to 8 GHz. ranged from 6.9
to 8.8 dB, from 6.7 to 9.2 dB, from 6.0 to

7.4 dB and from 5.9 to 6.7 dB. The performance was
quite flat over the measured frequency range. The insertion
losses of and were larger than those of or

C. Comparison Between Series(slot)/Parallel(MS) with
Series(Slot)/Parallel(CPW) Dividers

In order to compare the proposed divider to a conventional
one, the series(slot)/ parallel(CPW) divider was fabricated. The
only difference from the one described in the previous section
is that it uses a CPW instead of an MS.

Fig. 15 shows the performance of the series(slot)/par-
allel(CPW) divider. Input return loss was more than 13 dB over
the frequency range from 1 to 8 GHz. ranged from 6.8
to 9.9 dB, from 6.8 to 10.9 dB, from 6.2 to

7.1 dB and from 6.1 to 6.6 dB. The performance was
flat over the measured range. The insertion losses ofand

were larger than those of or .
Fig. 16 shows a comparison between slot/MS and slot/CPW

configurations. The loss of the slot/CPW type is larger than that
of the slot/MS.

V. DISCUSSIONS

The fabricated MS/slot and slot/MS exhibit excellent perfor-
mance especially with regard to the flatness of the frequency
response over the measured frequency range. The common ten-
dency is that the insertion losses of two of the outputs (con-
nected to the signal line of the unbalanced line) were larger
than those other two (connected to the ground plane). The ports
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Fig. 16. Comparison between slot/MS and conventional slot/CPW
performances.

that had larger loss received less power because of the imbal-
ance seen within the power dividers, especially in the high-fre-
quency range. This imbalance, measured as the insertion loss,
must be added to the conductor loss of the transmission lines of
the power dividers. This deteriorated the loss performance of the
two outputs. The performance can be improved by making all
output levels at the ports the same. To do so, further optimiza-
tion in designing the dividers’ layouts is needed. Although the
imbalance should be corrected to obtain equal outputs, the re-
sults agree with the simulations. This presumably happened be-
cause of imperfection in the mode transition from/to unbalance
to/from balance mode. An effective solution may be to lengthen
the balanced line part to ensure more complete mode transition.

When MS/slot and slot/MS circuit patterns were designed, we
encountered difficulties in designing low-impedance slotlines
using the pattern layout rules for this substrate. Developing fine
fabrication processes is the key to achieving more freedom in
selecting the line impedances and types. The high-impedance
MS lines turn out to have narrow signal lines, which deteriorate
loss performance. In order to overcome this, optimization of the
polyimide-layer thickness should be considered.

Concerning the difference between the slot/CPW and the
slot/MS configurations, the signal lines for the CPW should be
narrower than those for MS to reach 50. Consequently, the
increase in the conductor loss becomes noticeable and degrades
total performance. In addition, the physical layout restriction
caused by the CPW use requires additional area and length for
the transitions because the CPW needs gaps between signal and
ground planes. Therefore, MS and slotlines are more neatly
connected than the CPW and slotlines. This reduces unwanted
disturbance of the electromagnetic field at mode transitions.
Thus, MS configurations yield better flatness than CPW ones.

VI. USING THE SUBSTRATE AS AN HPA MODULE

Fig. 17 shows a conceptual view of this substrate used as an
HPA module. The power dividers are fabricated in the polyimide
layer, and all MMICs and/or discrete devices are mounted on the
alumina–ceramic substrate [10]. The alumina can be replaced
AlN, which has excellent heat radiation performance to over-
come thermal breakdown of the active devices, if thermal radia-
tion is a critical issue. Moreover, a Class-B push–pull amplifier
can be implemented if the proposed power dividers’ antiphase
characteristics are effectively exploited. Furthermore, this

Fig. 17. Conceptual view of a substrate used as an MCM module.

power divider may be used for the feeding network of array an-
tennas. These characteristics mean that the proposed structure
well suits HPA module realization.

VII. CONCLUSION

A novel configuration for multiport power dividers has
been proposed and power dividers with polyimide/alu-
mina–ceramic structure have been demonstrated in this paper.
Two types of impedance combinations, i.e., 50–100–50(par-
allel/series) and 50–25–50 (series/parallel) were discussed.
Both have promising power-dividing performance. The latter
has been compared to the slot/CPW configuration. The use
of the proposed configuration in realizing HPA modules has
been described. Thus, the proposed configuration is suitable
for constructing HPA MCMs.
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