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New n-Way Hybrid Power Dividers

NOBUO NAGAI, MEMBER, IEEE, EIJI

Abstract—A new n-way planar hybrid power divider (henceforth
HPD) and an n-way coaxial-type HPD are proposed, and the
synthesis methods of three-way and four-way planar HPD’s are
shown. As for the three-way planar HPD, the isolation character-
istics among three ports show more than 20 dB, and the VSWR’S of

four ports show less than 1.4 in 2:1 bandwidth. The experimental

characteristics are in good agreement with the theoretical analysis.

I. INTRODUCTION

T HE OBJECTIVE of this paper is to propose some new

n-way hybrid power dividers (henceforth HPD) con-

structed by a new synthesis method. The n-way HPD’s

described by Wilkinson [1] and Yee et al. [4] are synthesized

by using M sections of n uncoupled transmission lines of

equal length with isolation resistors of the Y connection

which are connected from the end of the n transmission lines

to a common junction. The isolation resistors cannot be

designed to be a planar structure. The n-way HPD’s pre-

sented in this paper are synthesized by using M sections of
n-wire coupled (or uncoupled) lines of equal length with

isolation resistors which are connected by the ends of the

neighboring wires.

The analysis of the n-way HPD is done by getting the

eigenvalues and the correspondingeigenvectors of the char-
acteristic admittance matrices of M sections for n-wire

coupled (or uncoupled) lines and of M admittance matrices

for the isolation resistors, and then by getting the equivalent
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circuit representation of the n-way HPD [8], [9]. The

equivalent circuit representation is presented by n circuits

which consist of a two-port for the even-mode circuit and

n — 1 one-ports for the odd-mode circuits.

It can be shown that the (n + 1)-port made with a coupled

n-wire line with isolation resistors of the Y-connection acts

as an n-way HPD at narrow-band frequencies [6], [8], [9]. If

we use isolation resistors different from the Y-connection, it

needs some sections of isolation resistors and n-wire seg-

ments to perform matching and isolation among output

ports at the required frequency.

This paper proposes an n-way HPD of a planar structure

and a coaxial type n-way HPD, constructed by way of new

connections of isolation resistors. As for the examples of the

planar HPD, we show the circuits of three-way and four-way

HPD’s, and their VSWRS and isolation responses are

shown in the figures. The isolation characteristics in three

output ports of the three-way HPD show more than ’20@
and the VSWRS of four ports show less than 1.4 in 2:1

bandwidth. The isolation characteristics in four ports of the
four-way HPD show more than 24 dB, and the VSWR’S of

five ports show less than 1.2 in 2:1 bandwidth.

II. THE n-WAY PLANAR HYBRID POWER DIVIDER

Since we get isolation resistors of a planar structure by

connecting n – 1 resistors by the ends of the neighboring

wires of the n-wire lines constituting an n-way HPD, we

consider a ( l,n)-port, shown in Fig. 1(a), which is designed

by using M sections of n uncoupled transmission lines of

equal length with the planar isolation resistors. The analysis
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Fig. 1. (a) The n-way hybrid power divider of planar structure. (b) The

equivalent circuit representation.

of the circuit can be done by getting the eigenvalues and the

corresponding eigenvectors of the characteristic admittance

matrices of the M sections for then transmission lines and of

the M admittance matrices for the planar isolation resistors.

In reference to this circuit, we define the n x n real sym-

metric matrix [H] as follows:

[H] =

F-::s’il “)

The eigenvaiues hi (i= 1, 2, “””, n) of matrix [H] are ob-

tained as

hi=2–2COSZ(i– 1)/n (i=lj2, ”””, ~). (2)

,$
(a)

~ (b)

Fig. 2. (a) Coaxial-type n-way hybrid power divider. (b) The inner

arrangement of n wires and resistors.

where 1. represents the n x n identity matrix. Therefore,

[pH]’[nlp[pIf]= qln (1-l=1, “““, M). (7)

Since all the admittance matrices of the planar isolation

resistors and all the characteristic admittance matrices of the

transmission lines are transformed into diagonal matrices

according to the orthogonal matrix [PJ, the (l,n)-port

shown in Fig. 1(a) can be equivalently transformed into a

two-port of the even-mode circuit and n – 1 one-ports of the

odd-mode circuits as shown in Fig. 1(b) [8], [9]. The two-

port circuit is represented by a quarter-wave transform-

er of M sections [10]. The characteristic admittances

Yl, ”.., Y~ are decided by the transducer-loss characteristic

of the maximally flat transformer or the Tchebyscheff

transformer.

As for the n – 1 one-port circuits, if the following n – 1

equations are satisfied

Y&
Gl=h, G~+

Y&-l
hiG~-l +

Y:
hiG3 + @

The eigenvector corresponding to the eigenvalue hi = O is hiG2 +A
[1 1.. 11’ (where [M]’ presents the transpose of [M]). The hiG1

eigenvectors corresponding to the eigenvalues hi (i = 2, “””, (i=2,.., n) (8)
n) are

then each one-port matches at the center frequency where

[sin @i sin 2@i - sin @i c“” sin k~i electrical length of the line section 6 equals 7c/2.Since Y1, “””,

Y~ have been selected, if M = n – 1, then Gl, “””, GM can be
— sin (k – 1)@i “”” sin n~i – sin (n – 1)di]f (3) selected. It has been shown that, if the two-port circuit and

where ~i = (i — 1)n/n. By normalizing these eigenvector%
all the n – 1 one-port circuits, which represent the equiv-

we get a real orthogonal matrix [P~].
alent circuit representation for the given (n + 1)-port, match

The admittance matrices [G]g of the planar isolation
at the center frequency, then the given (n + 1)-port acts as an

resistors can be represented according to matri~ [H] as
n-way HPD [8], [9]. Therefore, the n-way HPD needs n – 1

sections of the n-wire lines and the planar isolation resistors

[W= GM (p=l,.., M). (4) for matching at the center frequency.

Therefore, III. COAXIAL TYPE n-WAY HYBRID POWER DNIDER

[PJ[G],[PJ = diag [0, Gwhz, ~~~, G.h.]. (5) Since we get the coaxial-type isolation resistors by con-

The characteristic admittance matrices [q],, of the n
netting n resistors by the ends of the neighboring wires of the

transmission lines are presented
n-wire lines constituting an n-way HPD, we consider a

(l,n)-port, shown in Fig. 2, which is designed by using M

[~]p = Yul. (P= 1) ~~, M) (6) sections of n-wire coaxial-type lines of equal length with the
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coaxial-type isolation resistors. In reference to this circuit,

we define n x n real symmetric matrix [F] as follows:

[
2 –1 0 .”.. 0 –1

–1 2 –l.. ‘... o1

1 ““‘“I
o.. –1.. 2.:’” ”’””..:.’”-. : . (9)

..
:: o‘F] = : ““” -, .;:,”’=...... ‘“2 -’1:

0

–1 o ““” ““o -’1 2

The eigenvalues of matrix [F] have some double roots and

the number is

(n - 2)/2, for n even

(n - 1)/2, )for n odd “
(lo)

The eigenvalues J are obtained as

f,=o \
f2, and f,i+, = 2 – 2 cos 2ni/nf

(i=l,, n/20ri= l,..., (n - 1)/2). (11)

When we make a real orthogonal matrix [P~] according to

the eigenvectors of matrix [F], the following equation is

obtained:

[P~]’[F][P~] = diag [0, f,, “”., fn]. (12)

The admittance matrices [G], of the coaxial-type isolation

resistors can be represented according to matrix [F] as

[G].= G.[F] (pal,..., M). (13)

Therefore,

[P~]’[G]JP~] = diag [0, G. f,, “””, G. ./J. (14)

To simplify the calculation, each n-wire line is assumed to

be n uncoupled transmission lines, then the characteristic

admittance matrices [q]P = YU1. cart be represented as

[pF]’[dJpF]= Ypln (p= 1, “ “ “ , M). (15)

Since all the admittance matrices of the coaxial-type
isolation resistors and all the characteristic admittance

matrices are transformed into diagonal matrices according

to the orthogonal matrix [PJ, the (l,n)-port, shown in Fig.

2, can be equivalently transformed into a two-port of an

even-mode circuit and the n – 1 one-ports into the odd-

mode circuits. The two-port circuit is represented by a
quarter-wave transformer of M sections. As for the n – 1

one-port circuits, the number of different circuits is n/2 (n

even) or (n – 1)/2 (n odd).

By the same method, described in Section II, we can show

that the coaxial-type n-way HPD needs n/2 (n even) or

(n – 1)/2 (n odd) sections of n-wire lines and coaxial-type

isolation resistors for matching at the center frequency.

IV. THREE-WAY AND FOUR-WAY PLANAR

HYBRID POWER DIVIDERS

In this section, let’s consider the synthesis of three-way

and four-way planar HPD’s.

1

Y2

[a).-,
Go I :fi l-z

Go

E’

—

Fig. 3. (a) A three-way planar hybrid power divider. (b) The equivalent

circuit representation.

A. Three-Way Planar HPD

As described in Section II, a three-way planar HPD can be

obtained by using 2 sections of 3 transmission lines and

planar isolation resistors as shown in Fig. 3(a). As for the

three-way HPD, the [H] matrix is

‘H]=[-i: -! ‘“)
The eigenvalues of matrix [H] are h ~ = O,hz = 1, and h ~ = 3,

and the orthogonal matrix [PJ is

[PH] = [Pl P, P,]

[

l/J’5 1/$ If(z
—— 1/$ o 1– 2/$ . (17)

1[~ – I/@ @-

Fig. 3(b) shows the equivalent circuit representation of the

three-way HPD. Assuming all the impedances of the input

and three output ports be 50 0, the two-port circuit is

represented by a quarter-wave transformer of 2 sections with

a transformation ratio 150 Q: 50 Q. If we consider the

maximally flat transformer, the characteristic impedances
ZI and 22 are selected as

21 = l/Y1 = 114.0 Q

22= l/Yz = 65.80 Q. (18)

In order that the two one-port circuits, respectively,
match at the center frequency, the resistances R ~ and R2 of

the planar isolation resistors are selected as

RI = I/Gl = 64.95 Q

Rz = I/Gz = 200 Q. (19)

Let the scattering matrix of the two-port circuit be [S=]

(20)

and let the reflection coefficients of the two one-port circuits

be rzo and r30, respectively, and the scattering matrix of the. .
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Fig. 4. Theoretical VSWR and isolation responses c,f the three-way

planar HPD.

(t =2,3,4)

(b)

Fig. 5. (a) A four-way planar hybrid power divider. (b) The equivalent

circuit representation.

three-way planar HPD can be obtained, by the method

described in [8], [9], as

The VSWR and isolation responses are obtained by

numerical calculation of the above equation. Fig. 4 shows

the characteristics. The isolation characteristics among

three output ports of the three-way HPD show more than 20

dB, and the VSWRS of four ports show less than 1.4 in 2:1

bandwidth.

B. Four-Way Planar HPD

As described in Section II, a four-way planar HPD can be

obtained by using 3 sections of 4 transmission lines and

planar isolation resistors as shown in Fig. 5(a). Fig. 5(b)

shows the equivalent circuit representation of the four-way
HPD. If we consider the maximally flat transformer for the— —.

I
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\ \

c
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\ \
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2.0 1.8 1.6 1.4 ;;2 t
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Fig. 6. Theoretical VSWR and isolation responses of the four-way

planar HPD.

Fig. 7. Photograph of an experimental three-way planar HPD.

two-port circuit, the characteristic impedances are selected

as

ZO = I/GO = 50 Q

ZI = l/Yl = 167.97 !2

Z* = l/Y2 = 100 Q

z~ = l/Y~ = 59.54 fl. (22)

In order that three one-port circuits, respectively, match

at the center frequency, the resistances of the planar isola-

tion resistors are selected as

RI = l/Gl = 60.46 Q

R, = l/G, = 110.27 Q

R3 = l/G3 = 300 Q. (23)

The VSWR and isolation responses of the four-way HPD

are shown in Fig. 6. The isolation characteristics among four

output ports show more than 24 dB, and the VSWR’S of five

ports show less than 1.2 in 2:1 bandwidth.

C. Experiment of a Three- Way HPD

The photograph of the experimental circuit ofa three-way

planar HPD described in this section is shown in Fig. 7. The

VSWR and isolation responses for the three-way HPD are

shown in Fig. 8 with the theoretical curves (solid lines in Fig.

8), and these characteristics are in good agreement with the

theoretical analysis.
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HPD are also shown, and these characteristics are in good
31~m. agreement with the theoretical analysis.

‘1.2 We are now trying to design an n-way planar HPD
1.0 (n> 5), a coaxial-type n-way HPD, and wide-band n-way
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HPD’s. These circuits will be further applied in the fields of
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and Isolation responses of the experimental three-way

planar HPD.
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