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A Novel Configuration forl : N Multiport Power
Dividers Using Series/Parallel Transmission-Line
Division and a Polyimide/Alumina—Ceramic
Structure for HPA Module Implementation

Masashi Nakatsugaw®ember, IEEEand Kenijiro NishikawaMember, IEEE

Abstract—A novel configuration for 1 : IN multiport power di-  to miniaturizing the components as well. However, the max-
viders using series and parallel division of the transmission lines jmum available output power is constrained by the performance
with a polyimide/alumina—ceramic structure is proposed and suc- ¢ a5ch device. In order to increase the total output of the power-
cessfully demonstrated. Since these circuits need only line divisions - . L
and mode transitions to function as power dividers, they inherently ampllfler modules, the input p,owef should be divided among thg
possess an extreme|y flat frequency response. The p0|yimide/a|u_un|t ampllflers Used. After Wh|Ch, eaCh stream Should be ampll-
mina—ceramic substrate suits the three-dimensional arrangement fied and effectively recombined.
of various kinds of transmission lines and their transitions. Itis also Wilkinson dividers, branch-line hybrids, and directional cou-
useful in implementing high-power-amplifier multichip modules plers are frequently used as power-dividing and power-com-
because the alumina substrate can hold all active devices or mono-, . . . .
lithic microwave integrated circuits and provides convenient inter- bining componerjts In conventlo_nal HPA modules [2]-5]. A
faces between them and the power dividers. The line divisions and COmmon feature is that they consist of quarter-wavelength trans-
mode transitions are analyzed by a commercial electromagnetic mission lines or equivalent impedance-transforming networks.
simulator. Two types of1 : 4 power dividers, which are series/par- -~ Although they have an interesting response under impedance
allel and parallel/series configurations, are fabricated. No peculiar transformation, their passband width is limited. In order to elim-
resonance was observed over the frequency range of 1-8 GHz. The, . . -
amplitude deviation over this range was less than 3.2 dB. mgte_ thIS. constraint, the dividers must u;ually havg 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

|. INTRODUCTION power dividers. The configuration consists of series and parallel

O REALIZE the development of advanced wireless Conﬁzl_i\./ision ofth(_a transmission lines fabricated on a polyimide/alu-

munication systems, RF circuits with broad-band or multf"'na-ceramic multilayer structure. It .also reduces : gnwante_d
band capability are more important than ever before. In order'fpponance at the power divisions and 'Ilne-type tranS|t|ops. This
satisfy the high data-rate transmission requirement with ma proves the frequency.regponse qnd mcreasgsthe avallgblefre-
channels, the bandwidths of the future wireless communicatigf€"ncy range. T_he poly|mde/alummg—qeramlc structure_|s sult
systems should be drastically increased. Moreover, new systef; o build various types of transmission lines and their tran-
under development like software defined radios (SDRs) [1] raltions and, thus, simplifies the power-divider layout. The char-

quire an especially broad frequency range. SDRs can operatggl ”St'0$ of the divisions gnd_ transmons. were examined by a
several kinds of wireless communication systems simply by 1 ommercial electromagnetic simulator. With the proposed con-
8Euration, extremely broad frequency-band power dividers are

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

placing their signal processing software. This changeability ¢ )

be realized only if the hardware supports all of the frequen tained.
bands used by each system. For these reasons, increasing the

frequency range offered by RF components is becoming a crit- II. CONVENTIONAL STRUCTURE

ical goal.

Higgh—power amplifier (HPA) modules are essential compo- S0me conventional configurations for thie: N' power
nents to construct any kinds of wireless communication sydlviders are shown in this section. Specifically;4 power
tems. Their improvement will facilitate reductions in the cosflividers are discussed. Fig. 1(a) and (b) shows the #pe-
size, and power consumption of the systems. Fabricating am@fld typeB configurations forl : 4 Wilkinson power dividers,

fier modules with solid-state devices is one attractive approat@sPectively. In typed, 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
Manuscript received February 1, 2000; revised November 1, 2000. at the circuit interfaces, all of the ports should have stan-
The authors are with the Wireless Systems Innovation Laboratory, NTT N%t— d i d & hich i I h 50 Th
work Innovation Laboratories, Yokosuka, Kanagawa 239-0847, Japan. ard impedance,, which Is usually chosen as 3. Ihe
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Fig. 1. (a) TypeA Wilkinson divider. (b) TypeB Wilkinson divider.
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Fig. 3. Generalized configuration of the series/parallel-division power divider.

Il. SERIEYPARALLEL -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
Fig. 2. 1:4 power divider using branch-line hybrids. 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
transformation. As is well known for a quarter-wavelength ling, ..« are connected in series. the number of

o ) ; . pditds given
characteristic impedancs is related to input impedancs,, by the following:
and output impedanck,,,; as shown in the following:
N, =4". (2)
Z =72 Zout- (1) These line lengths need not to be a quarter-wavelength. More-

over, this configuration does notimpose any frequency response
Hence, the transmission lines in tygeshould have a charac-limit because it employs only the line-type transitions of the

teristic impedance at7,. transmission lines. Therefore, the frequency performance is the-
Type B is an alternative that avoids drastic changes in tiggetically flat over the entire frequency range.
characteristic impedance of the transmission lines. Twddi- Fig. 4(a) and (b) shows two examples of the series/parallel-di-

viders are cascaded to build the4 divider. As the change in vision power divider. In Fig. 4(a), the power is first divided in
impedance is more moderate than that in tyhe/2Z, trans- parallel and series divisions follow. The impedance combination
mission lines can be used in this configuration. The drawbackaffthis arrangement is 50—-100-80 This configuration is suit-
type B is that it uses more transmission lines than typdhis able if the fabrication process can accurately fabricate €200-
can increase the insertion losses and the occupied circuit ardiaes. Fig. 4(b) shows the 50-25-5Deonfiguration. This is fa-
Fig. 2 shows another configuration of the4 power divider. vorable when precise 28-lines can be produced.
This is composed of three branch-line hybrids. Since each of the ) o o )
branch-line hybrids contains two pairs of quarter-wavelengfh S€ries Division of the Transmission Lines
transmission lines, the area can easily become larger than that @eries division of the transmission lines halves the
the Wilkinson divider. In addition, the bandwidth of this powempedance. Examples for the slotline and stripline arrange-
divider is the narrowest among the examples. ments are shown in Fig. 5(a) and (b), respectively. Intuitively,
The weakness of these three circuits is caused by the useéh&f mechanism of this division can be explained as follows.
the quarter-wavelength transmission lines. Eliminating the ugée can assume the existence of a symmetrically distributed
of quarter-wavelength transmission lines can improve the pefectric field between the two conductors forming the line.
formance and reduce the size of the power dividers. In the falhen the third conductor is inserted exactly between these
lowing section, series and parallel divisions of the transmissibmo conductors, the strength of the overall electric field is
lines and their application to power dividers will be describednot affected by this physical change. The voltage impressed
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Fig. 4. Examples of the series/parallel-division power
(a) 50-100-5@2. (b) 50-25-502.
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Fig. 5. Series division of the transmission line. (a) Slotline. (b) Stripline.
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Fig. 6. Parallel division of the transmission line. (a) MS. (b) CPW.

dividers.

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 impedanceffthe impedance
should be2Z if two elements are connected in parallel. Sim-
ilarly, the characteristic impedance of the transmission lines,
which are connected in parallel, should B& to yield the
same impedance as the transmission line whose characteristic
impedance iZ. 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.

on one of the conductors and the third one is one-half of ti@mbining the advantages of the three-dimensional structure
original. However, the condition for the current remains theith those of the series/parallel-division power dividers opti-

same as before. As a result, the impedance of the divided partiges the construction of transmission-line transitions, which
one-half that of the original line. Consequently, series divisiaeduces ruffles in the electromagnetic fields at the transitions.

of the transmission line can halve the impedance.

This improves the overall performance of the dividers.
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A cross section of the basic polyimide/alumina—ceramic sub- = 40
strate [9] is shown in Fig. 7. The base—substrate is 1-mm-thick £
alumina. The polyimide part is composed of four layers of & -50 ! L 1

a 25um-thick polyimide film. All of the lines are made of 0 2 4 6 8
copper, whose thickness is /an. This structure enables us Frequency (GHz)

to realize IOW-|OS$ components. More(_)ver’ HPA modules C?’—% 11. Performance of the parallel(MS)/series(slot) divider.
be constructed with this structure easily because the alumina
substrate is suitable for holding active devices or monolith{fgIe MS

microwave integrated circuits (MMICS). (Ss1), was slightly larger than that connected to the

ground(Ss1 ). The phase difference between these two output
signals was exactly 180which is extremely useful when real-

- ) izing baluns and antiphase dividers.
Divider performance was analyzed by using the commercial

electromagnetic simulat@m of Sonnet Software Inc., Liver- IV. EXPERIMENTAL RESULTS

pool, NY. Visualized current density and frequency responses ) .

are shown in Fig. 8(a) and (b). The current is mostly conceft: Parallel(MS)/Series(Slot) Dividers

trated at the points of mode transitions and is distributed evenlyFig. 9 shows the equivalent circuit of the parallel(MS)/se-
along the slotlines’ gap, both before and after the line diviies(slot) divider. The input port for this divider is an MS line
sions. The calculated results indicate that the derived currelitided into two parallel lines. Each of the lines are transformed
of the line, which is originally connected to the signal line ointo slotlines and divided into two in series. The slotlines are

D. Electromagnetic Simulation of the Divider
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Fig. 13. Photograph of the series(slot)/parallel(MS) divider.
9 grap (slotp (M3) the frequency range from 1 to 8 GH%z; ranged from—6.9

. . . . to —8.8 dB, S3; from —6.7 to —9.2 dB, S4; from —6.0 to
again transformed into MSs, and divided into two. Thus, th§7.4 dB andSs, from —5.9 to—6.7 dB. The performance was

structure has 50—-100-3@combinations, which are parallel/se- . . :
ries divisions quite flat over the measured frequency range. The insertion

Fig. 10 shows a photograph of the paralIeI(MS)/series(sI(%gSses 0fS21 andS3; were larger than those 6t or Si;

divider. The input port is located at the left-hand-side edge gf Comparison Between Series(slot)/Parallel(MS) with
the substrate, and the two output ports are on the top and bOttﬁg}ies(Slot) /Parallel(CPW) Dividers

sides. - .
Fig. 11 shows the performance of the parallel(MS)/se- In order to compare the proposed divider to a conventional

ries(slot) divider. Input return loss was more than 11 dB ov8R€: the series(slot)/ parallel(CPW) divider was fabricated. The
the frequency range from 1 to 8 GH#,, ranged from-5.5 to only difference from the one described in the previous section

—6.7dB,S5; from —6.9t0—8.6 dB,S,; from—6.8t0—8.3dB IS thatit uses a CPW instead of an MS. ,
andsSs, from —5.7 to—6.5 dB. The performance was quite flat F19- 15 shows the performance of the series(slot)/par-

over the measured range. At any frequency, the insertion los&4§!(CPW) divider. Input return loss was more than 13 dB over
of Sy, andSs; were smaller than those 6k, or S.;. the frequency range from 1 to 8 GH%.; ranged from—6.8
to —9.9 dB, S3; from —6.8 to —10.9 dB, S4; from —6.2 to

B. Series(Slot)/Parallel(MS) Dividers —7.1dB andSs; from —6.1 to—6.6 dB. The performance was

Fig. 12 shows the equivalent circuit of the series(slot)/pafrlfJlt over the measured range. The insertion losses,ofand

allel(MS) divider. Although the input port is an MS, it is imme-S?’IJL:_\'Ve;(?5 Iarr]gerthan those 6y, grtsf’l' Iot/MS and slot/CPW
diately transformed into a slotline, which is divided into two 9. 16 ShOWS a comparison between slo andso

in series. Each of the divided lines are transformed into nfigurations. The loss of the slot/CPW type is larger than that

lines and divided into two in parallel. Thus, this structure of? the slot/MS.
fers 50-25-5@2, 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 fabricated MS/slot and slot/MS exhibit excellent perfor-
the substrate, and the two output ports are on the top and bottoxance especially with regard to the flatness of the frequency
sides. The line sizes are exactly the same as those simulatedponse over the measured frequency range. The common ten-
which are shown in Fig. 8(a). dency is that the insertion losses of two of the outputs (con-
Fig. 14 shows the performance of the series(slot)/parected to the signal line of the unbalanced line) were larger
allel(MS) divider. Input return loss was more than 18 dB ovehan those other two (connected to the ground plane). The ports

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

Fig. 16. Comparison between slot/MS and conventional slot/CPW
performances.

power divider may be used for the feeding network of array an-

that had larger loss received less power because of the impi&nas. These characteristics mean that the proposed structure
g/_ell suits HPA module realization.

ance seen within the power dividers, especially in the high-fr
guency range. This imbalance, measured as the insertion loss,

must be added to the conductor loss of the transmission lines of VII. CONCLUSION

the power dividers. This deteriorated the loss performance of theA novel configuration forl : N multiport power dividers has

two outputs. The performance can be improved by making %léen proposed anil: 4 power dividers with polyimide/alu-

qutp_ut Ieve_ls f'ﬂ the po_rt_s the same. T(_) do so, further Optimi%ﬁina—ceramic structure have been demonstrated in this paper.
tion in designing the dividers’ layouts is needed. Although t o types of impedance combinations, i.e., 50—100R%par-

imbalance Sh.OUId be. correpted to qbtain equal outputs, the 'ﬂél/series) and 50-25-50 (series/parallel) were discussed.
sults agree with the simulations. This presumably happened Best 14ve promising power-dividing performance. The latter
cause of imperfection in the mode transition from/to unbalanﬁ%S been compared to the slot/CPW configuration. The use
to/from balance mode. An effective solution may be to lengtheg ., proposed configuration in realizing HPA modules has

the balanced line part to ensure more complete modetransitiggen described. Thus, the proposed configuration is suitable
When MS/slot and slot/MS circuit patterns were designed, WS, constructing HPA MCMS

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 ACKNOWLEDGMENT
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Thus, MS configurations yield better flathess than CPW ones.
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