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Uniplanar Power Dividers Using Coupled CPW and
Asymmetrical CPS for MIC’s and MMIC’s

Lu Fan, Member, IEEE and Kai Chang, Fellow, IEEE

Abstract— Uniplanar coplanar waveguide (CPW), coplanar
strip (CPS), and slotline on dielectric substrates have many ap-
plications in microwave integrated circuit (MIC) and monolithic
microwave/millimeter wave integrated circuit (MMIC) designs.
New power dividers using one-section and two-section coupled
CPW have been developed. These circuits provide substantially
improved performance over a wider bandwidth than conventional
microstrip power dividers. Measured results show that the one-
section CPW power divider has greater than 20-dB isolation, less
than 0.3-dB insertion loss, a 0.2-dB power dividing imbalance,
and a 2° phase imbalance over a bandwidth of more than 30%
centered at 3 GHz. The two-section CPW power divider has
greater than 24-dB isolation, less than 0.5-dB insertion Joss, a 0.1-
dB power dividing imbalance, and a 1.6° phase imbalance over a
bandwidth of more than 66% centered at 3 GHz. Experimental
results agree well with calculated ones. In-phase and 180° out-
of-phase power dividers constructed by the circuit configuration
method are described in this paper. The even-odd mode excited
method is used to analyze the power dividers. Also two other
power dividers using asymmetrical coplanar strip (ACPS) have

been developed with good performance. A 180° out-of-phase-

power divider is demonstrated with an amplitude imbalance of
0.4 dB and a phase difference of 180° + 1° over a wide bandwidth.

1. INTRODUCTION

HE development of high-performance and low-cost mi-

crowave devices and components is required for new
wireless communication systems. Power dividers are funda-
mental and important components widely used in various
microwave integrated circuit (MIC) applications such as bal-
anced mixers, balanced amplifiers, phase shifters, and feed
networks in antenna arrays. Over the last several decades,
many designs, optimizations and theoretical developments
have progressed on this subject [1]-[6]. The Wilkinson power
divider, a popular two-way power divider/combiner, is a
well-known example [7]: A power divider using coupled
microstrip-slot lines was reported by Ogawa et al. [8] in 1985.
However, this doublé-sided circuit configuration is not suit-
able for the monolithic microwave/millimeter wave integrated
circuit (MMIC) implementation because it uses the back side

of the substrate. Most previous work is based on microstrip.

structures because microstrip is the most mature and widely
used transmission line.

Microstrip lines have been used as the main transmission
lines in many MIC designs so far because the characteristics of
microstrip lines are well known and a number of discontinuity
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Fig. 1. Various uniplanar transmission lines. (a) Common CPW, CPS, and
slotline and (b) asymmetrical CPW, CPS, and slotline.

problems have been analyzed. However, some shortcomings of
microstrip include sensitivity to substrate thickness, difficulty
in inserting shunt solid-state devices and, the requirement of
high impedance lines for dc biasing. In recent years, unipla-
nar transmission lines such as coplanar waveguide (CPW),
coplanar strip (CPS), and slotline shown in Fig. 1(a) have
become competitive alternatives to microstrip in many ap-
plications (including both microwave hybrid and monolithic
technologies). These transmission lines have advantages of
small dispersion, simple realization of short circuited ends,
easy integration with lumped elements and active components,
and no need for via holes. These characteristics make CPW,
CPS, and slotline important in MIC and MMIC designs.
Many attractive components using uniplanar structures have
been reported [91-{16]. Fig. 1(b) shows asymmetric uniplahar'
structures (ACPW- [17], asymmetrical coplanar strip (ACPS)
[18], and asymmetric slotline) which have ‘been used as
transmission lines in developing microwave components such
as mixers [19], and attenuators [20].

In order to further extend uniplanar techniques to MIC
and MMIC applications, additional uniplanar components are
required. This paper presents new uniplanar power divider
components that ‘have characteristics similar to those of mi-
crostrip circuits with the advantages of a uniplanar structure
and better performance. The general circuit configurations,
equivalent circuits and design formulas for the uniplanar power
dividers are described in Section II. Section III presents the
construction and performance of the one-section and two-
section in-phase coupled CPW power dividers. In addition,
two ACPS Wilkinson power dividers with in-phase or 180°
out-of-phase output ports are illustrated in Section IV. The
circuit analyzes for the power dividers are based on simple
transmission line models using the method of even-mode and
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Fig. 2. Configurations of uniplanar power dividers. The power dividers (a) with CPW input/output arms and (b) with CPW input and slotline output
arms are in-phase power dividers. The power dividers (c) with slotline input and CPW output arms and (d) with slotline input/output arms are 180°

out-of-phase power dividers.

odd-mode. The simulations of the circuits have been performed
using Libra and Sonnet and the measured results agree very
well with the theoretical predictions.

II. CrculT CONFIGURATIONS AND
DESIGN OF UNIPLANAR POWER DIVIDERS

First, this section describes circuit configurations for uni-
planar two-way coupled CPW power dividers. Then, the
multisection equivalent circuit of the in-phase power dividers
is shown and the design formulas for one-section and two-
section circuits are given.

A. Circuit Configurations

~~ Fig. 2 shows the physical configurations of the uniplanar

power dividers. The circuits consist of a quarter-wavelength
section of coupled CPW, a mini size chip resistor, and ‘a
CPW or slotline input and two CPW or slotline outputs. The
output types are very flexible depending on circuit application
requirements. In terms of the phase between output ports,
power dividers can be classified into in-phase and out-of-
phase dividing types. Fig. 2(a) and (b) show in-phase types
with CPW and slotline outputs, respectively. Fig. 2(c) and
(d) show out-of-phase types with CPW and slotline outputs,
respectively. Therefore, the power dividers formed by coupled
CPW can be applied to various types of circuit configurations
with uniplanar advantages.

Fig. 3 shows schematic explanation of the circuit behavior

for the in-phase and out-of-phase types, respectively. The

arrows in the figure indicate the direction of the electric field
in the CPW, coupled CPW, and slotlines. In Fig. 3(a), the
input signal fed to port 1 propagates through the CPW, and is
then converted to the even mode of the coupled CPW. After
propagating through the coupled CPW, it is divided into two
components that both arrive in-phase at ports 2 and 3. In
Fig. 3(b), the input signal fed to port 1 propagates through the
CPW and is then converted to the odd mode of the coupled
CPW (i.e., coupled slotline mode). After propagating through
the coupled CPW, it is divided into two components that arrive
at ports 2 and 3 with a 180° phase difference. The 180° phase
difference is due to the input slotline T-junction.

B. Design Formulas

Fig. 4(a) and (b) show multisection uniplanar power di-
viders that are generalizations of the circuits in Fig. 2(a) and
(d). The in-phase type circuit in Fig. 4(a) is symmetric with
respect to port 1 and analyzed by even-mode and odd-mode
excitations of ports 2 and 3 with a load Zy connected to
port 1 [3]. Fig. 5 shows the equivalent circuits when ports

2 and 3 are excited by the even and odd modes. In Fig. 5,

the R; (¢ = 1 ~ n) are isolation resistors in the ith sections
between ports 2 and 3, and 0.;, Ze; and 6,5, Zy; (i =1 ~ n)
are the electrical lengths and characteristic impedances in the
ith sections of the even mode and the odd mode of the coupled
CPW, respectively. :

In Fig. 5, T'. and I', are the voltage reflection coefficients
of the circuits in Fig. 4(a). The voltage reflection coefficients
I't, Iy, and I'3 at ports 1, 2, and 3 of the complete power
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Fig. 3. Schematic expression of the electric field distributions for (a)
in-phase power divider in Fig. 2(a) and (b) 180° out-of-phase power divider
in Fig. 2(d).

divider in Fig. 4(a), and the voltage transmission coefficients
Ti2, Ti3, and Ty3 between those ports are given as follows [3]:

IT1] =|T| (1a)
Ty=T43
=3 T +T) (1b)
|T12| = |T1s]
= % (1 - T Y2 (1c)
Ty =3 (Te — T,). (1d)

Thus, all reflection and transmission coefficients of the general
three-port symmetrical circuit in Fig. 4(a) can be calculated
by (1a)~(1d). To find the even and odd mode characteristic
impedances and resistors, assume the following conditions: 1)
f.; and 0, (i = 1 ~ n) are equal to 90°; 2) the Z,; (1 =
1 ~ n) are designed to yield an optimum stepped-transformer
response (i.e., equal-ripple behavior in a specified bandwidth
of f1 and f,) between terminal impedances Zo and 2Zy; 3) the
" R; (i = 1 ~ n) are calculated from the impedance matching
condition of the circuit in Fig. 5(b). Then the design formulas
are derived. The formulas for one-section and a two-section
power dividers are given below. All characteristic impedances
and resistors are normalized by the load impedance Zg.

For one-section power divider

Ze1 :\/§
Ry =2.

)
3
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Fig. 4. Multisection uniplanar (a) in-phase and (b) 180° out-of-phase power
dividers.

For two-section power divider

1 1/2 1 1/2 ‘
Ze = 2 —_— s 4
1 ( " T ¢>)  Stan’ ¢} (4a)
2
Ze2 =7 (4b)
271 2oz
Ro =
? (Zol + 202)1/2(Z02 —Zo1 cot? ¢)1/2 (S
_ 2Rs(Zoy + Zo2)
Ry =
YT Ro(Zor + Zo3) — 2703 (5b)
where
f2_
I P I
=i ©)
= +1
fi
Bandwidth = fa — fi. @

Although the design formulas have been derived for the in-
phase type of power divider, these formulas can also be used
for designing the out-of-phase power divider by exchanging
the odd mode characteristic impedance for the even mode one
and taking their reciproéals.

III1. UNIPLANAR CoUuPLED CPW POWER DIVIDERS

According to the above design principal, one-section and
two-section coupled CPW two-way power dividers have been
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Fig. 5. FEquivalent circuits for the in-phase power divider in Fig. 4(a). (a) Even mode excited circuit and (b) odd mode excited circuit.
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Fig. 6. One-section in-phase coupled CPW power divider. (a) Circuit con-
figuration, (b) cross section views of the CPW and coupled CPW, and (c)
equivalent transmission line mode] of the one-section power divider.

designed at the center frequency of 3 GHz to confirm the
design.

A. One-Section Coupled CPW Power Divider

Fig. 6 shows the physical configuration of the one-section
coupled CPW power divider. The circuit consists of a CPW
input line, a quarter-wavelength coupled CPW, a mini size
chip resistor, and two CPW outputs (or two slotline outputs)
as shown in Fig. 6(a). The equivalent transmission line model
of the power divider is shown in Fig. 6(c). The parallel
transmission lines represent the coupled CPW operating in

TABLE I
THE GEOMETRICAL PARAMETERS OF ONE-SECTION CourLED CPW
POWER DIVIDER AS SHOWN IN FIG. 6 (ALL DIMENSIONS ARE IN MM)

1/0 CPW Coupled CPW
Wo Go w G S L
0.62 0.33 0.17 0.1 0.8 10.74

even and odd modes. In Fig. 6(c), R is an isolation resistor
between ports 2 and 3, and 8., Z, and 6, Z, are the electrical
lengths and characteristic impedances of the even mode and
odd mode of the coupled CPW, respectively. If 6, and 8, are
equal to 90°, from (2) and (3), then Z, = v/2Z, and R = 27,
are obtained. Although there is no restriction for Z,, it should
be given a value easy to implement in practical circuits.
Actually, the operation bandwidth of the circuit depends on
the ratio of Z, and Z,(r = Z./Z,). When r is equal to 1
(Ze = Z,), the power divider is composed of non coupled
lines with the widest bandwidth. The larger that r is, the
narrower the bandwidth is. Therefore, choosing the value of

' Z, close to Z. is necessary.

The one-section coupled CPW power divider was fabricated
on an RT/Duriod 6010 substrate (relative dielectric constant
e, = 10.8, substrate thickness A = 1.524 mm, metal thickness
t = 18 um). The characteristic impedances of the input/cutput
CPW’s were chosen as Zy = 50 (2, resulting in the characteris-
tic impedance Z, = 71 £} and isolation resistance R = 100 .
From these known values, simulation and synthesis for the
practical circuit were performed using Libra. The relevant
geometrical parameters are listed in Table 1. It is important to
note that the use of air bridges at the circuit’s discontinuities
prevents the coupled slotline mode from propagating on the
CPW lines. The measurements were made on an HP-8510 net-
work analyzer using standard SMA connectors. The insertion
loss includes two coaxial-to-CPW transitions and 30-mm-long
input/output CPW lines.

The practical circuit shown in Fig. 6(a) was tested from 1-5
GHz. Fig. 7(a) and (b) show the power divider’s measured and
calculated insertion loss, return loss and isolation. Over a 30%
bandwidth centered at 3 GHz, the insertion loss is less than
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Fig. 7. Measured and calculated frequency responses of the one-section
coupled CPW power divider shown in Fig. 6(a) at the center frequency of
3 GHz. (a) Coupling of 1-2 and 1-3 and 1-port’s return loss. (b) 2-port’s and
3-port’s return losses and isolation between ports 2 and 3.

3.3 dB (3 dB for ideal coupling) and the input return loss
is greater than 26 dB as shown in Fig. 7(a). The isolation
{[Ss2]) between the two output ports is greater than 20 dB
and the return losses of ports 2 and 3 are greater than 27 dB,
as shown in Fig. 7(b). Fig. 7(a) and (b) also indicate that the
experimental results agree very well with the calculations.

B. Two-Section Coupled CPW Power Divider

- The multisection approach can be used to extend the band-
width of power dividers [3]. A two-section in-phase cou-
pled CPW power divider was also designed and fabricated.
Fig. 8(a) shows the circuit configuration of the power divider
that consists of a CPW input line, two quarter-wavelength
coupled CPW sections, two mini-size chip resistors, and two
CPW outputs. Fig. 8(b) shows the cross sections at three
locations along the power divider. The equivalent transmission
line model of the power divider is shown in Fig. 8(c). Two
pairs of parallel transmission lines represent the coupled CPW
operating in even mode and odd mode. In Fig. 8(c), R;
and R, are isolation resistors between ports 2 and 3, and
Oc1, Oe2, Zeot, Zea and 0,1, 042, Zo1, Zo2 are the electrical
lengths and characteristic impedances of the even mode and
odd mode of the coupled CPW sections, respectively. Accord-
ing to (4)—(6), the characteristic impedances and resistors of
the circuit were calculated for Zg = 502 over a bandwidth
from 24 GHz (f2/ f1 = 2). The isolation resistances are R; =

2415
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Fig. 8. Two-section in-phase coupled CPW power divider. (a) Circuit con-
figuration, (b) cross section views of the CPW and coupled CPW’s, and (c)
equivalent transmission line model.

TABLE II
THE GEOMETRICAL PARAMETERS OF TWO-SECTION CoUuPLED CPW
POWER DIVIDER AS SHOWN IN FIG. 8 (ALL DIMENSIONS ARE IN MM)

1/0 CPW Coupled CPW
Wo Go W G S; L W, G S, Lo

0.62 033 §052 012 12 108 017 018 08 107

651 and Ry = 62.5€, and the characteristic impedances
are Z.1 = 61§ and Z., = 822 From these known values,
synthesis and optimizing for the dimensions of the circuit were
performed using Libra. The relevant geometrical parameters of .
the two-section power divider are listed in Table II.
Similarly, the two-section power divider was fabricated on
an RT/Duriod 6010 substrate (¢, = 10.8, h = 1.524 mm,
t = 18 um). Adding air bridges at the circuit’s discontinu-
ities is important to prevent the coupled slotline mode from
propagating on the CPW lines. During testing, the circuit was
connected to an HP-8510 network analyzer using standard
SMA connectors. The insertion loss includes the loss of two
coaxial-to-CPW transitions and 38 mm long input/output CPW
lines which were not calibrated out. The experimental data
are shown in Fig. 9. Over a 66% bandwidth from 2-4 GHz,
Fig. 9(a) shows that the insertion loss (|S2;| or |Ss1]) is less
than 3.5 dB (3 dB for ideal coupling) and the isolation (|Ss2])
is greater than 24 dB. The input return loss (|S11|) is greater
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Fig. 9. Measured and calculated frequency responses of the two-section
coupled CPW power divider shown in Fig. 8(a) at the center frequency of
3 GHz. (a) Coupling of 1-2 and 1-3 and isolation between ports 2 and 3.
(b) 1-port’s, 2-port’s, and 3-port’s return losses. (¢) Amplitude and phase
imbalances between ports 2 and 3.

than 21.5 dB and the return losses of ports 2 and 3 (|S22| and
|S33]) are greater than 29 dB as shown in Fig. 9(b). Excellent
output amplitude imbalance (0.1 dB) and phase imbalance
(1.6°) were achieved as shown in Fig. 9(c). Fig. 9(a) and (b)
also indicates that the experimental results agree very well with
the simulations. Obviously, the bandwidth of the two-section
power divider is much greater than that of the one-section
circuit. ‘

As a result, the design of one- and two-section uniplanar
power dividers using coupled CPW has been confirmed by
measurements. The circuits exhibit performance over a wide
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Fig. 10. Asymmetrical coplanar strip (ACPS) in-phase power divider. (a)
Circuit configuration and (b) equivalent transmission line model.

bandwidth as compated to conventional microstrip power
dividers.

IV. UNIPLANAR ACPS WILKINSON POWER DIVIDERS

Recently, asymmetrical uniplanar transmission lines [17]
and [18] have been used as alternatives to symmetrical ones
because of the additional flexibility offered by the asymmetric
configuration in the design of MIC’s. The applications of
ACPW to mixers [19] and attenuators [20] have been reported
by D. Jaisson. To further extend the asymmetric uniplanar
techniques to MIC and MMIC applications, additional uni-
planar components are required. This section describes two
other uniplanar power using ACPS with in-phase and 180°
out-of-phase output ports

A. In-Phase ACPS Power Divider

Fig. 10(a) shows the circuit layout of the in-phase ACPS
Wilkinson power divider that is realized on one side of the
substrate using CPW and ACPS transmission lines. The circuit
consists of a CPW-ACPS tee junction, a pair of ACPS arms,
a mini size chip resistor, and two ACPS outputs. Unlike the
dividers described in Section III, the two arms of the divider
in Fig. 10(a) are separated without coupling. The equivalent
transmission line model of the power divider is shown in
Fig. 10(b).
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Fig. 11. Experimental performance of the ACPS in-phase power divider.

As in the divider’s case in Section III, the ACPS power
divider was fabricated on a 1.524 mm-thick RT/Duriod 6010
(e, = 10.8) substrate. The center frequency is 3.0 -GHz. The
dimensions of the circuit are given as follows:

1) CPW Feed Lines: Zy = 50 (center strip width W =
0.62 mm, gap size G = 0.33 mm);

2y ACPS Output Lines: Zy = 50 (strip width Sgeps =
0.7 mm, gap size Gacps = 0.1 mm);

3) ACPS Arm’s Lines: \/2Zy = T1Q (strip width Sacps =
0.4 mm, gap size Gacps = 0.3 mm);

4) ACPS Arm’s Length: \g/4 = 9.54 mm;

S) Isolation Resistor: R = 100Q.

To find the dimensions of the ACPS lines in the circuit,
Sonnet software was used to perform the syntheses. Bonding
wires were placed at the power divider's CPW—ACPS tee
junction to enforce even mode propagation on the ACPS lines.
The tests were made on an HP-8510 network analyzer using
standard SMA connectors from 1-5 GHz. Fig. 11 shows the
power divider’s measured frequency responses of coupling,
isolation, input return loss, amplitude imbalance and phase
imbalance. Over a 30% bandwidth centered at 3 GHz, the
measured results show that the coupling of the power from
port 1 to ports 2 and 3 are 3.34 dB and 3.37 dB, respectively.
The isolation between ports 2 and 3 is greater than 21 dB,
and the input return loss is more than 22 dB both over a
frequency range from 2.5-3.5 GHz. The amplitude difference
and phase difference between ports 2 and 3 are excellent over
a broad bandwidth. This ACPS power divider’s characteristics
are similar to those of the one-section coupled CPW power
divider.

B. 180° Out-of-Phase ACPS Power Divider

As mentioned in Section II, power dividers are divided
into in-phase and out-of-phase types. To confirm the basic
behavior of the out-of-phase power divider with a uniplanar
structure, this section describes a 180° out-of-phase ACPS
Wilkinson power divider. The circuit consists of a slotline
input line, a slotline-ACPS T-junction, a ACPS ring severing
as two ACPS arms, a chip resistor, and two ACPS (CPW,
slotline) outputs as shown in Fig. 12(a). It is important to
point out here that the two arms of the divider are sep-
arated without coupling. The slotline-ACPS T-junction of
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Fig. 12. Asymmetrical coplanar strip (ACPS) 180° out-of-phase power
divider. (a) Circuit configuration and (b) equivalent transmission line model.

the divider is used as a phase inverter. Fig. 12(b) shows
the equivalent transmission line model of the divider. The
fundamental behavior of the divider can easily be understood
by examining the equivalent circuit. The input signal is fed
to port 1 and then divided into two components with a 180°
phase difference (made by the slotline-ACPS reverse-phase T-
junction) to the ACPS arms. After propagating through the
ACPS arms, the two components arrive out-of-phase at ports
2 and 3.

Similar to the approach used in Section II-B, the sym-
metrical circuit in Fig. 12(b) is also analyzed by even-mode
and odd-mode excitations of ports 2 and 3 with a lead Zg
connected to port 1. Fig. 13 shows the equivalent circuits when
ports 2 and 3 are excited by the even and odd modes. In"
Fig. 13, R is an isolation resistor, and 6 and Zscpg are the
electrical length and characteristic impedance of the ACPS,
respectively. By choosing 6 to be equal to 90°, Zacps =
Zo/ V2, and R = Z /2 are obtained. These results are just
equal to the reciprocals of (2) and (3). Actually, this is a
special case of the one-section coupled CPW divider without
coupling (Z, = Z,).

The 180° out-of-phase ACPS divider was designed, fabri-
cated and tested with the same procedure used in the case
of the in-phase ACPS divider. Note two points here: 1) The
characteristic impedances of the input slotline .and output
ACPS lines were chosen as Zy = 100§2, resulting in the
characteristic impedance of the two ACPS arms Z ACPS =
71 ) and the isolation resistance R = 50Q. If a Zg = 5002
is chosen, the Zacps is 35 which is very difficuit to
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Fig. 13. Equivalent circuits of the ACPS 180° out-of-phase power divider for (a) in-phase and (b) out-of-phase excitations.

TABLE III
SUMMARY OF MEASURED PERFORMANCES OF THE COUPLED CPW AND ACPS POWER DIVIDERS
Type of Operation | Insertion Loss | Isolation | Return Loss (dB) Amplitude Phase Difference
Power Bandwidth*® (S215 S31) (S32) Input  Output Imbalance (£S21— £831)
Divider (%) (dB) (dB) Sn)  (S2,8:)| (S/Sx)) (dB) (degree)
One-section
. > >2 >27 <02 *1
Coupled CPW >30 <03 20 6 0
Two-section
. > >215 >29 <0.1 0+0.8
Coupled CPW >66 <05 1
ACPS >30 <04 >21 522 | >25 <02 0+1
In-phase
ACPS >13 <038 5205 | >20 | »21 <03 1801
Out-of-phase

* Center frequency is at 3 GHz. All the specifications in the table are over the corresponding bandwidth.

implement using ACPS. 2) Bonding wires are not needed in
this case.

Fig. 14 shows the out-of-phase divider's measured perfor-
mances which are also summarized in Table III. Although
the insertion loss, return loss and isolation of the divider
are over a narrow bandwidth of 13% compared to the in-
phase dividers, the divider’s amplitude difference and phase
difference between ports 2 and 3 are excellent over a broad
bandwidth because the phase reversal of the slotline-ACPS
T-junction is frequency independent.

V. CONCLUSION

The design procedure and results of newly developed uni-
planar power dividers using coupled CPW and ACPS were

described. The measured performances of the power dividers
are summarized in Table III. Although all resuits are given for
the band of 1-5 GHz, the circuit designs can be scaled up to
millimeter-wave frequencies with the effects of discontinuities
included. From the experimental results, the conclusions are
as follows.

1) The one-section coupled CPW and ACPS in-phase
power dividers have greater than 20-dB isolation and
return loss, less than 0.3-dB insertion loss, a 0.2 dB
amplitude imbalance and a 2° phase imbalance over a
bandwidth of more than 30% centered at 3 GHz.

2) The two-section in-phase coupled CPW power divider
gives better performance than the one-section power
dividers over a wide bandwidth of more than 66%,
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Fig. 14. Experimental performance of the 180° out-of-phase ACPS power
divider. (a) Coupling, return loss, and isolation; (b) amplitude imbalance and
phase difference.

3)

but the insertion loss is slightly higher. The use of the
multisection technique can increase the bandwidth of
the power dividers.

The 180° out-of-phase ACPS power divider has a good
amplitude imbalance and phase difference over a wide
bandwidth,. but insertion loss, isolation and return loss
are over a narrow bandwidth as compared to the above
in-phase power dividers. '

In all, these power dividers demonstrated good performance

over

a wider bandwidth than is possible with conventional

microstrip power dividers. With its advantages of a compact,
‘simple, uniplanar structure and ease of integration with solid-

state

devices, these uniplanar power dividers will be useful in

many applications for MIC’s and MMIC’s.
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