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A MINIATURIZED DUAL-BAND POWER DIVIDER
WITH HARMONIC SUPPRESSION FOR GSM APPLICA-
TIONS

W. Huang, C. Liu, L. Yan, and K. Huang

School of Electronics and Information Engineering
Sichuan University
Chengdu 610064, China

Abstract—In this paper, a miniaturized dual-band power divider
based on artificial transmission lines is proposed for GSM applications.
The design consists of four sections of recently developed planar
artificial transmission lines, an LC tank circuit in shunt, and an
isolation resistor. The experimental results show that the proposed
configuration has good performance at both 0.9 GHz and 1.8 GHz.
Meanwhile, it achieves a significant size reduction compared to
traditional dual-band planar power dividers. At the center frequency
1.35 GHz, the dimension of the proposed dual-band power divider
is only 43mm x 21 mm, or equivalently 0.29Ag x 0.14\g. With the
harmonic suppression nature of artificial transmission lines and the
shunt LC tank, the wideband response of the proposed dual-band
power divider reveals good harmonics suppression.

1. INTRODUCTION

Power dividers, as a basic component, are widely applied to
microwave and millimeter-wave systems including antenna arrays,
power amplifiers, mixers, etc. [1-4]. In order to make better use
of spectrum resources and improve the signal transmission efficiency,
dual-band and multi-frequency communication circuits have become
increasingly popular for various applications. However, a traditional
Wilkinson power divider usually works at the specified frequency and
its odd harmonics [5]. A power divider designed for two or more
frequency bands can not only effectively reduce the circuit size but
also lower the insertion loss. In recent years, various techniques
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to implement dual-band power dividers have been proposed. Dual-
band power dividers using two sections of transformers [6, 7], open or
short stub lines [8-11], or adding extra lumped inductor and lumped
capacitor in parallel with isolation resistor [12, 13|, have been proposed.

This paper presents a novel miniaturized dual-band power divider
with recently proposed planar artificial transmission lines. An LC
tank circuit is applied to further reducing its size. = The new
design is composed of four sections of quarter-wavelength artificial
transmission lines, which are used to take place of traditional
microstrip transmission lines. Simulated and measured results agree
well with each other. It is found that the power divider shows excellent
performances : a) size reduction, only 0.29Ag x 0.14\g; b) low insertion
loss, less than 3.6 dB; and ¢) good harmonics suppression.

2. ANALYSIS AND DESIGN OF PLANAR ARTIFICIAL
TRANSMISSION LINE

Recently, Wang proposed the concept of artificial transmission
lines [14], which is composed of three cascade stages of quasi-lumped
inductors and capacitors. The layout and equivalent circuit of a
section of artificial transmission line are shown in Fig. 1, respectively.
The design concept and methodology have been presented in details
n [14]. Artificial transmission lines instead of conventional microstrip
transmission lines can reduce physical dimensions of microwave
components greatly, especially at low frequency band.

Referring to the equivalent lumped circuit in Fig. 1(b), the
inductors Lq, Lo and L3z represent meandered-line inductors. The
parasitic capacitance of Ly and L3 are represented by capacitors Cjq,
Cpp and Cj3, (4, respectively. The series capacitance C7 and Cy
are realized by two interdigital capacitors. Cp1, Cpa, Cpz, Cps are
parasitic capacitance of meandered-line inductor Lo and interdigital
capacitors Cq and Cs. The shunt capacitors Cy1, Cso, Cs3, Csyq are
implemented with microstrip parallel-plate capacitors, which are shunt
to the parasitic capacitors Cp1, Cp2, Cp3, Cps. The characteristic
impedance Z,7r and guided wavenumber By a7z of the artificial
transmission line are given by

Zarr = Liot/Ciot (1)
Bg,ATL = WV Liot - Ctot (2)

where Liot = L1+ Lo+ L3, Ciop = Cp1 +Cia2 + Ci3+ Cpg + Cp1 + Cpo +
Cp3 + Cpa + Cg1 + C2 + Cg3 + C4, and w is the angle frequency.

If Lios and C}y increase proportionally, the guided wavenumber
increases as well while the characteristic impedance remains
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unchanged. Thus, the required physical length of a microstrip line
is reduced significantly by decreasing the guided wavelength A,.
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Figure 1. A section of artificial transmission line and its equivalent
circuit.

Table 1. Element values of the artificial transmission section of 57.7 €2
characteristic impedance and electric length of 90 degrees.

Element Value Element Value Element Value
Ch 0.10 pF Cp 0.18 pF Css3 0.32 pF
Clg 0.10 pF Cp2 0.09 pF 034 0.32 pF
Ci3 0.10 pF Cp3 0.09 pF Ly 2.59nH
Cis 0.10 pF Cpa 0.18 pF Lo 2.59nH
4 0.08 pF Cs1 0.32 pF Ls 2.59nH

Cy 0.08 pF Cyo 0.32 pF 0 28.47 Degree

According to the above mentioned criteria, an artificial
transmission line with a characteristic impedance of 57.7¢) and an
electrical length of 90° was designed on a 1 mm substrate F4B-2 with
dielectric constant of 2.65 and loss tangent of 0.001. The element
values of the artificial transmission line are summarized in Table 1.
However, the dimensions of the line still need fine tuning by full-wave
simulation software (Zeland IE3D) to take parasitic couplings between
those elements into consideration. The optimized parameters are given
by I1 = I3 = 3.4mm, ls = 2.8mm, Iy = 24mm, w; = 2.2mm,
wy = w3y = 0.4mm, wy = 7.6mm and s; = 0.4mm, so = 0.2mm.
The center frequency is 1.35 GHz, which is the center frequency of a
dual-frequency, i.e., 900 MHz and 1800 MHz, GSM system.
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Two extra conventional microstrip lines are appended to both ends
of the artificial transmission line with phase shift 28.47° to complete
the transmission line. The simulated impedance of the transmission
line is 57.7€), and the phase shift at 1.35 GHz is 89.8°. The physical
length of the artificial transmission line is less than 60% of the guided
wavelength at 1.35 GHz.

3. PROTOTYPE OF DUAL-BAND POWER DIVIDER

The dual-band power divider is basically composed of four branch lines
of quarter wavelength (Z4 and Zp), an open circuit stub of quarter
wavelength in shunt (Z¢), and an isolation resistor R [9], as shown in
Fig. 2. It is designed to work at dual frequencies fi; and fs.

port 2

Zy, 90'@ £, Zs, 90°@ f,
—

port lO—— | Z,90°@ R

——
Z,, 90°@ f; Zp, 90°@ f;

port 3

Figure 2. Dual-band power divider topology.

Zin=2Zy i
2Zc, 90°@ f, Zs, 90°@ f,

(a) Even mode (b) Odd m;de

Figure 3. Half circuit of the dual-band power divider at even and odd
modes.
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3.1. Even-mode Analysis

It is noticed that the even-mode circuit is composed of a series line and
two shunt branches in Fig. 3(a). The ABCD matrix can be expressed

as
A B| | 1 0 cos)  jZpsinf 1 0 3)
C D| |1 1 jY4sin6 cos 0 7Yy 1

s

where 0 = 7 - %, Yq = 7o Yp = %, Yo = ZLC’ Y1 = %thanﬂ,

Yo = Yptanf, and fy = # The above matrix can be expanded to
give

A=cosf —YsZ,sin6 (4)
B=jZssin6 (5)
D =cosf — Y1 Z4sinb (6)
When the output port is matched, we obtain
[A BHl 0] A+£ B @
1 pr—
¢ Dz 1 C+4 D

Consequently, the input impedance is

AZy+ B
Lin = =27, 8
CZo 1D 0 (8)

Then, we obtain
Z
Jo=+—"-—

© kg + cot? 6 (9)
ZAY$ =2+ cot? 0 + 2kp — k¥ tan? 0 (10)

where kg = g—g and Yy = ZLO

3.2. Odd-mode Analysis
The output admittance is given by

G+ jYptanf .
Yor =Yo=Yg———— — jY cot b 11
out 0 BYB—I—jGtaH9 JYaAco ( )

The above equation equals to
Y
G=—2 (12)
I+ 45
Z2YE

A0 — ko —cot?0 (13)

1+ko
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A/ 2
where kg = 1V 1t8tan"0 th;?ztan 0

We find that thee equations have the same solution at both the
upper and the lower band frequencies f; and fo. It shows that
ko = kg = k as well. By using the odd-mode and even-mode analysis,
the circuit parameters can be determined by

Za = Zo\) (1 + k) (k — tan2e) (14)
Z
Zp = TA (15)
ZA
Y 16
“ 7k +tan’e (16)
R=2Z,(1+k7") (17)
where = H(EESOE and ¢ = 5 - 200y,

From the previously derived equations, an arbitrary dual-band
power divider is achieved with this circuit topology.

We want to design a power divider at two frequencies of
fi = 09GHz and fo = 1.8GHz. From the previously derived
Formulas (14)—(17) the values of Z4 and Zp, Z¢ and R are calculated
to be 57.78Q, 57.7€2, 43.3Q and 200 €2, respectively.

4. SHORT-CIRCUITED LC TANK ANALYSIS

It is showed in Fig. 4 that a short-circuited LC tank circuit is employed
instead of the open circuit transmission line of quarter wavelength in
shunt, and consequently the dimension of the dual-band power divider
is reduced further. It is proved that Fig. 2 and Fig. 4 have the same
characteristics in the vicinity of w = wy.

The impedance of the LC tank circuit in Fig. 4 is written as

1 L w wo
Zic=jwLb+ — =j\/= | — — — 18
Lc = Jw +jw0 J C<w0 w> (18)
And the impedance of open circuit line of quarter wavelength is
—JjZo —JjZo

Zopen = = (19)

tan(6l)  tan <% . wio)
We use Taylor series to expand the above two equations at wy,
respectively, and make the first order approximation. Hence, the
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solutions are

Zo=\¢g (20)

1
fo= VIO (21)

From above equations the values of L and C are calculated to be
4nH and 3.5 pF, respectively, and the LC tank circuit is shorted to
ground. The final L and C' values, however, still need further tuning
to account for the parasitic effects of chip elements and the via hole
to ground. Therefore, the optimized values of L and C' are 3.3nH and
3.3 pF, respectively, based on full-wave simulations.

Figure 5 compares the wideband response of the dual-band power
divider with short-circuited LC tank and with open quarter wavelength
in shunt, from 0.5 GHz to 10 GHz. For the power divider with LC
tank in shunt, the simulated attenuation at the output ports is better
than 15dB from 4.3 GHz to 10 GHz. At harmonic frequencies, the LC
tank design shows a better frequency respond compared with the open
circuit line design. Therefore, the dual-band power divider has good
harmonic suppression.

5. SIMULATIONS AND MEASUREMENTS

A miniaturized dual-band power divider is designed and realized by
implementing artificial transmission lines. It was fabricated on a 1 mm

o~
LC tank Open circuit
|Sﬂ| —— = im -

o
I

port 2
Zy, 90°@ f, T Z, 90°@ f,

[ ] [
L I 1

|Sed —— =

n
o
I

Simulated Magnitude (dB)
. . oo R \
o

port1| L C i
i -3 R 40
50 o
r ! "
1 I 1 604 ]
o s
Z,,90'@ f, (L Z5,90 @ f, . y - ——
port 3 Frequency (GHz)
Figure 4. Dual-band power Figure 5. Comparison of

divider topology with LC tank. the S parameters for the dual-
band power dividers using short-
circuited LC tank and open cir-
cuit transmission line.
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F4B-2 substrate with dielectric constant of 2.65 and loss tangent of
0.0001, and two frequencies are f; = 0.9 GHz and fy; = 1.8 GHz with
a frequency ratio of 2 for GSM applications. Following the design
procedures previously discussed in Sections 2 to 4, the characteristic
impedances and electrical lengths of the transmission lines for the
power divider are

Z4=57.79Q, 04 = 90°@1.35 GHz
{ Zp =57.79Q, 05 = 90°@1.35 GHz (22)
L=33nH, C=33pF, R=2000Q

where Z4, Zp, L, C, and R are as shown in Fig. 4.

The complete layout of fabricated power divider is shown in Fig. 6.
Its size is 43mm x 21 mm, or equivalently 0.29Ag x 0.14\g. Here
Ag denotes the guided wavelength of conventional 57.7 {2 microstrip
line at 1.35 GHz. Compared with the conventional microstrip dual-
band power divider as used in the prototype, our design features a
size reduction as high as 58%. The simulation and measurement
results (from an Agilent N5230A vector network analyzer) of this

43mm %B Port 3

Figure 6. Photo of the fabricated dual-band power divider.

0 07
-104
T =

kS % -204
® -10 -~ —e— Measured |Sz|

kel ] D 304
3 g —— Measured |S3|
S 187 = 40l —=— Simulated | Sz
g —e— Measured | Sy 2 —o—Simulated |Si|

20+ —— Simulated |S | S 50

-25 - -60

0.‘5 1.‘0 1.‘5 2.‘0 2_‘5 0.5 1.0 15 2.0 2.5
Frequency (GHz) Frequency (GHz)

Figure 7. Simulated and mea- Figure 8. Simulated and mea-
sured |S11]. sured |So1| and |Ss1].
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o —— Measured isolation

N ) m\ /'}‘;;“ 80 —e— Simulated isolation
107 A —~
%i -15 7528 %
8 -20 ) 3
2 25 | ——Measured Sy, 2
c C
D -30+ == Measured Sg; %
g 35 —#— Simualted S, >

—o— Simulated S 33
-40
-45 . . . , 0 . T . )
0.5 1.0 1.5 2.0 25 0.5 1.0 1.5 2.0 25
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Figure 9. Simulated and mea- Figure 10. Simulated and
sured |Sa2| and |Ss3). measured isolations.

0.5 1.0+
g 0 o.s-\/\_,_..\/\
S 0.4 1
S g
2 T 06
5 0.31 =
« » 0.4 Measured phase difference
L | —@— Simulated phase difference
%y 021 Measured phase difference (/[)i 024
rs —#— Simulated phase difference - '_—_.—__.—__.—__‘
2 019 S 00
< <

0.0 T T T ) -0.2 T T T |

0.80 0.85 0.90 0.95 1.00 1.70 1.75 1.80 1.85 1.90
Frequency (GHz) Frequency (GHz)
(a) The lower band (b) The upper band

Figure 11. Simulated and measured phase difference.

power divider are plotted from Fig. 7 to Fig. 11. There is a good
agreement between simulations and measurements. The measured
center frequencies of two operational bands are 0.9 GHz and 1.81 GHz,
respectively, which are very close to the design. The measured
|S11] as shown in Fig. 7 is below —20dB at 0.9 GHz and 1.81 GHz.
As shown in Fig. 8, the transmissions to output ports are |Sg;| =
—3.22dB and |S3;1] = —3.28dB at 0.9 GHz, and [S91| = —3.51dB
and |S31] = —3.45dB at 1.81 GHz, respectively. Fig. 9 plots the
reflection coefficients of output ports |Saa| and |Sss|, showing that
both are below —30dB at the two operational frequencies. Fig. 10
plots the isolation between two output ports, showing that both are
higher than 20dB at two operating frequencies. Fig. 11 gives the
phase response, showing the phase difference between port 2 and port 3
(Angle(Ss1) — Angle(Sa1)) are 0.31° at 0.9 GHz and 0.77° at 1.81 GHz.
In summary, the simulations and measurements are in good agreement.
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Furthermore, the bandwidth of the dual-band power divider is under
the condition of equal magnitude with 0.1 dB mismatch, equal phase
responses with 1° mismatch and good isolation (higher than 20dB).
The operating bandwidths are 140 MHz and 190 MHz at the lower band
and the upper band, respectively.

6. CONCLUSION

In this paper, a novel miniaturized dual-band power divider has been
demonstrated at 0.9 GHz and 1.8 GHz. With the even- and odd-mode
analysis, the explicit design equations for dual-band power divider
are presented. This novel dual-band power divider is realized by
artificial transmission lines and short-circuited LC tank. It features
low insertion losses, negligible magnitude and phase imbalance, and a
size reduction as high as 58%. In addition, by introducing artificial
transmission lines and short-circuited LC tank, the dual-band power
divider exhibits good harmonic suppression. The simulations are in
good agreement with experimental results. The measured results
showed that the dual-band power divider works well at both assigned
operational frequencies.
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