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Abstract

In this paper an improved performance dual-band power divider is presented with respect to output
return loss and port isolation. The proposed circuit features a transmission line only structure (plus
the isolation resistor) thus avoiding the parasitic effects of lumped components. Additionally it can be
easily implemented since it employs realistic characteristic impedance values. Analytical expressions
for the design equations are derived using the even and odd mode analysis.
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1. INTRODUCTION

Power dividers/combiners are key elements in modern RF front-end communication systems. They
are used in various applications such as power division and/or combination in antenna arrays
distribution networks, microwave mixers, amplifiers and oscillators, as well as in high speed digital
integrated circuits.

In recent years the advances in wireless and mobile communications require a dual-band or multi-
band operation (i.e. WLANSs, GSM, UMTS etc.). To satisfy this requirement several dual-band or
multi-band power dividers have been proposed employing transmission lines and/or lumped elements
[1]-[7]. One interesting dual-band design which employs distributed structures only (plus the
isolation resistor) [4] achieves a compact design with reduced losses using realistic impedance values
for the implementation of the transmission lines (Fig. 1). Although a high level of input return loss
and port isolation can be achieved, the output return loss and the port isolation are not ideal in the
region between the two frequencies of interest. For example, S22 does not achieve the ideal 0 dB
value in the region between the two frequencies of interest (see Fig. 2). Although this is not important
in power splitting operation it may be particularly important in the power combining operation.
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Figure 1: Conventional dual-band power divider [4].
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Figure 2: Simulated: (a) Input return loss. (b) Output return loss. (c) Insertion loss (|Sa] is identical to |S,|,
due to symmetry). (d) Port isolation, for different values of the isolation resistor [4].

In this work an improved performance dual-band power divider is presented in Fig. 3. This involves
additional transmission lines and open-circuited stubs to achieve better output return loss and port
isolation results. In addition the proposed structure uses practical characteristic impedance values that

are easily implemented.
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Figure 3: Proposed dual-band power divider.
2. CIRCUIT ANALYSIS

The proposed dual-band power divider presented in Fig. 3 features four A/4 branch transmission lines
with characteristic impedances Za and Zg, two A/4 series transmission lines of characteristic
impedance Zp, three A/4 open-circuited shunt stubs of characteristic impedances Zc and Zg and an
isolation resistor R. This circuit may be theoretically analysed with the aid of the even and odd mode
analysis. Thus the circuit of Fig. 3 is replaced by the half-circuits of the even and odd mode
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configuration (Figs. 4(a) and 4(b)).
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Figure 4. Half circuit of the proposed power divider: (a) Even mode. (b) Odd mode.

2.1.1 Even-Mode Analysis

The even-mode half circuit of Fig. 4(a) consists of two serial branch-lines with characteristic
impedances Z and Zp, respectively and three shunt elements with characteristic admittances Y1, Y>
and Y respectively, given as follows:

Y, =Y tand (1)
Y, = Ygtanf (2)
YE = YEtE.nE (3)

The ABCD matrix representation of the half-circuit of Fig. 4(a) may be derived as [4], [8]:

4 B 1 0 cos  jZ,sind 1 01T1 o0
L’ DHm 1] [Wﬂﬁiﬂﬂ cosd Hm ) EYE H (4)
where:
=% ©)
and:
g, = ot ©

From (4) the following equations may be derived:

A= cos?8— Y,Z,sinfcosd — Y Z,45in?0 — Y3 Zpsinfcosd + Y, Y325 Znsin’0 —
Y5 Z45in8cosd @)
B = jZg5infcosd — Y72, Zp5in?8 + jZ,4 sinfcosd (8)

C=iYycos?8+jY,sinfcosd —jY, Y, Z,sinfcosd + jY,cos*8—jY; Yp Z,sina
+iYpsinBcos® — jY, Y3 Znsinfcost — Y3 Y4 Znsin® 0+ Y, Yo Y324 Zosin®6
—iY, Y3 ZpsinBcos — jY; Y3 Z,.sinBcosd + jY;cos?@ (9)



D = —Y,Zp5infcos8 — Y, Zpsin®0 + Y, Y, Z,Zpsin’0 — Y, Zpsinfcosd — Y, Z, sinfeost +
cos’@ (10)

The input impedance of the half-circuit of Fig. 4(a) may be expressed as follows:

_ AZg+B _
Zin = 2o 2Zy (11)

Assuming that the network is reciprocal and lossless, A and D are real quantities, while B and C are
imaginary quantities. Then:

A=2D=%,2+B%; (12)
Setting:
Z Z Z
k=—4 k==~ k=2
1 Z 2 , 3 Z, (13)

and using equations (1), (2), (3), (7), (10) and also A=2D from (12) the following expression for Z¢ is
obtained, after some mathematical manipulations:

(1-kitan®@+Kk7)Zs
Ze — kpcot?8-2—2Kk;—Kk;Katan?8+ki ko +ky+Kaka+k3

(14)

Additionally using equations (1), (2), (3), (7), (8) and also A=1y2+B1,’ from (12) the following

expression is obtained, after some mathematical manipulations:

2
%ﬁa—k%mt"‘ﬂ—k%k% tan® 8+2k, (k, ko +ky+kak, +k3 Jcot? 8

+2k; (kyk3+k, kak, +k3 +k3k, Jtan? 8-k3 (k, +ko+ky) 2—2k3k,
—ak, koky—k3—2k3k,

2\ 2 _
ZaYo"= k2 cot20+2k, cot? B+cot?B+k2 tan? 8—2k, k,—2k, (15)
2.1.2 Odd-Mode Analysis
The odd-mode half circuit is presented in Fig. 4(b). The admittances Y oy 1) and You (2) are derived as
follows:
G+ jYgtan® YpG + jYgtan® — jY, Ypcotf + Y, G
TIF-:.u_ntrl} =YooV ]*:’Acc-tEl = :
: Yy + jGtan® Yy + jGtan® (16)
v Yourry) TiYptan®
out] 2} D Y, + jYDut,:j_}TEIIlE (17)
The output admittance Y is calculated as follows:
TIFn:n_11: = TIrl:!l = Ynutl:z} + _]'YET,EIIIEI (18)

After some mathematical manipulations the following expression is derived:

YDL‘It =YEYDG + j‘f’EYDtarlE — jYﬂYE YDC.DtB + YﬂYDG + jYE YD:tanB — GYD:t&ﬂ: H + jYEYDYEtEﬂB — GYDYEt&ﬂ: B — YEYE Gtﬂﬂ: B — jYE: ‘I"Etan! H + jYﬂYEYEtaﬂE
YEYD + jYD GtanB + jYE Gtang — Yﬂ:t&ﬂ: g + ‘I::‘ YE + j‘.[::‘ Gtang
(19)
By equating real and imaginary parts the following expressions are obtained:



Y +k, k. —kZtan®H
G = olky +k ko —ky ]2 (20)
otk ko+{—ky—k ky—k kg —1{2:]tan2 a

(k3 +kg+kyko+kykg—kpcot? 8-k, kytan? e}[kz+k1k2+[—k3—k1k3—k2k3—k§ Jtan? e}(21)
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2.1.3 Design equations
Combining equations (15) and (21) the following design equations are derived:
(—2KZ—2KZk, —akE -2k -2kEk, )——+(+ 2kk, +2kIKE +2k3k, )—o—st [k, ki —k, k) cot* 8
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(22)
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+6kikitan*0 — 6kikitan* 0 + 3kikitan*s — 6kikitan*® + kikitan*s
Z, —k,kitan®8 + 6kIkItan® B — 3k, kitan®8 — 3k, kitan’ 6 + 12kIkitan’0
—3kikitan®0 — 3kikitan®0 + 6kikitan®d — k,kitan®8 — k,kicot?0
—3k,kicot?8 — 3k, kicot?B-k,kicot?® — 2k, ki + 3kIkI — 6k, k3 + 6kIKE
—6k, k3 + 3kiki— 2k, ki /
+2kikitan®8 + 2kikitan®8 — 6kikitan®s —4kikitan*s
—4k?kitan® 8 + 4k}kItan® 8 + 6kikitan? 8 — 12kkitan’8 + 2k kitan 0
—6kikitan’ 8 + 4k, kitan’@ + 2k, kitan’ — 6kikitan’8 + Zkikitan’ 0
—2k, kicot*8 — 4k, kicot*8-2k, kicot*8 + 8kikicot?8 — 6k, kicot?B
+6kikicot?B—4k, kicot?8 + 2k kicot?B + 2kikicot?B + 6k, k3
— 2k, kS + 12k7KE — 6k 7k + 4k, kI — 4kK?
4k k3 4kiki  2kik}
sinBecos®8 © sinfBecosiB cos4B
2k Zkik, 2kI  2kik,

+12k2k?
4kc2K? NS
sin®Beos?B T sin®BeosiB

4, k2
sin‘Brcos 28
26k 2k%kE 6k? 4kik,  6k?
" cos*B cos*B sin*® sin*®  =in*@ sin*B =in*B  sin*@ " sin*d

(23)
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From equations (23), (24) and (25) the parameters Za, Zc and R of the proposed dual-band power
divider (Fig. 3) may be calculated. Subsequently by selecting appropriate values for k; and k,, ks may
be calculated from (22) and using (13) the parameters Zg, Zp and Zg may also be calculated.

3. IMPLEMENTATION AND RESULTS
The design equations derived previously are satisfied for a number of solutions. One possible solution
which results in realisable impedance values is given in the following Table.

Table I: Impedance and isolation resistor values for the circuit of Fig. 3.

Za (Ohmes)

Zg (Ohms)

Zc (Ohms)

Zp (Ohms)

Zg (Ohms)

R (Ohms)

65.45

20.10

59.34

25.95

29.68

297.74

Subsequently the proposed divider illustrated in Fig. 3 was simulated in the Advanced Design
System™ [9] and its response is presented in Fig. 5.
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Figure 5: Simulated: (a) Input return loss. (b) Output return loss. (c) Insertion loss. (d) Port isolation,

for the proposed dual-band divider of Fig. 3.
By comparing the responses in Figs. 2 and 5, it is clear that the proposed circuit of Fig. 2 offers an
improved performance especially with respect to the output return loss (S22 or S33) and the isolation
(S32 or S23). For example S22 achieves the ideal 0 dB value in the region between the two
frequencies of interest and port isolation exhibits very high values in the same region.

To verify the predicted results, the proposed dual-band power divider of Fig. 3 was constructed on a
PCB using a RT 5880 substrate with a dielectric constant of 2.2 (Fig. 6). Three 100 Ohms microwave
resistors were used to achieve the necessary isolation between output ports. For increased accuracy
the layout was fined tuned by an electromagnetic simulator to take into account the effect of junction
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discontinuities. The scattering parameters of the PCB were measured using an Agilent E5071C VNA
over the frequency range 0.5 — 2.5 GHz. The comparison between measured and electromagnetic
simulation results is presented in Fig. 7. Good agreement is observed and the discrepancies are
mainly due to the limited accuracy of the etching process used.

Figure 6: Fabricated dual-band power divider.
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Figure 5: Measured and electromagnetic simulation results for: (a) Input return loss. (b), (¢) Output return loss.
(d), (e) Insertion loss. (f) Port isolation, for the proposed dual-band divider of Fig. 3.

3. CONCLUSIONS

In this work an improved performance dual-band power divider was designed and simulated. The
mathematical analysis and the extraction of the design equations were based on the even and odd
mode analysis. Simulated and measured results indicated an improved output return loss performance
as well as improved port isolation.
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