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Filtering Push–Pull Power Amplifier Based on
Multifunctional Impedance Matching Network
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Abstract— A filtering push–pull power amplifier (PPPA) is
presented based on the multifunctional impedance matching net-
work (MIMN), which is constructed by coupled lines and open-
circuited transmission lines. Due to the symmetry of designed
MIMN, the even-and odd-mode method is employed to analyze
the operating mechanisms, which reveal that designed MIMN
can achieve high common mode suppression under the even-
mode excitation, while provide good impedance transformation
and filtering response under the odd-mode excitation. Finally,
a filtering PPPA based on the MIMN is designed as well as
measured, and the measured operating frequencies are ranging
from 1.85 to 2.03 GHz. The measured maximum gain and
peak power-added efficiency are 13.9 dB and 57.8%, while the
measured upper stopband extends to 4.1f0 with the suppression
level of 20 dB.

Index Terms— Compact size, filtering response, push–pull
power amplifier (PPPA), wide upper stopband.

I. INTRODUCTION

POWER amplifiers (PAs) can amplify the signals, thus
playing important roles in the modern wireless commu-

nication systems [1]–[3]. In the conventional radio frequency
front ends, the PAs are usually connected with the bandpass
filters (BPFs) to select the wanted signals and suppress the
out-of-band interferences [4]. The inherent insertion losses in
BPFs and the connection losses due to the mismatch between
the components are unavoidable. To deal with these problems,
the co-design of BPF and PA is imperative and indispensable.

The co-design method of BPF and single-end PA are
introduced in [5], [6]. A BPF with the functions of filtering
response and impedance transformation is utilized in [5]
as the output matching network, presenting a class-AB PA
integrated with filtering response. In [6], a class-F filtering PA
is proposed by adopting the hybrid cavity-microstrip filtering
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circuit, which not only to realize output impedance matching
but also to provide high-selectivity bandpass response.

Recently, push–pull power amplifier (PPPA) have attracted
a lot of attentions due to the advantages of high efficiency and
linearity. The main difficulty in designing PPPA is to realize
the conversion between unbalanced and balanced, which are
already achieved by uniplanar microstrip line baluns [7]–[10],
rat-race microstrip baluns [3] as well as broadband Marchand
baluns [11], and the impedance transformation performances
in the uniplanar baluns have been discussed. However, the
baluns introduced in [3], [7]–[11] cannot provide filtering
responses and out-of-band suppression performances. Thus,
the main design challenge of filtering PPPA is to construct
the multifunctional circuit, which could realize impedance
transformation, 180◦ phase difference, and filtering response
simultaneously. In [12], a novel filtering PPPA is introduced
based on the unbalanced to balanced impedance transformer,
which is composed of two different C-type line resonators.
Moreover, in the designed impedance transformer [12], the
filtering response is obtained based on the specific coupling
between two C-type line resonators, while the 180◦ phase
difference is achieved by adopting λg/2 transmission lines.
In [13], a bandpass PPPA based on substrate integrated
waveguide (SIW) filtering balun power divider is proposed.
The filtering characteristic is realized based on the comple-
mentary split rings resonators (CSRRs) defected in the balun,
while the 180◦ phase difference power division is achieved by
utilizing the inherent middle metal plane of the SIW balun.

In this letter, a filtering PPPA with low loss, high efficiency,
and improved harmonic suppression performance is proposed
based on the designed multifunctional impedance matching
networks (MIMNs). Due to the symmetry of designed MIMN,
the even- and odd-mode method is adopted to analyze the
operating mechanisms. Specifically, the impedance matching
in designed MIMN can be adjusted by tuning the capacitances
and the characteristic impedances of transmission lines, while
the out-of-band suppression can be improved by introducing
transmission zeros (TZs) in the upper stopband. Finally, a com-
pact filtering PPPA based on the designed MIMN has been
simulated, fabricated and measured to validate the presented
idea.

II. PUSH–PULL POWER AMPLIFIER DESIGN

The schematic of designed filtering PPPA is illustrated in
Fig. 1, in which a filtering unbalanced to balanced balun
(transformation from 50 to 20 �) is adopted as the input
impedance transformer, and a filtering balanced to unbalanced
balun (transformation from 20 to 50 �) is employed as
the output impedance transformer. The stability networks are
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Fig. 1. Topology of the filtering PPPA.

Fig. 2. (a) Schematic. (b) Even-mode equivalent circuit. (c) Odd-mode
equivalent circuit of designed MIMN.

constructed by RC networks (R1, C4, and R2, C5) and gate
biasing resistors (R3 and R4), while the bias networks are
composed of two lumped inductors (L1 and L2). Moreover,
two power transistors (CGH40010F) are adopted to amplify
the signals, while the gate voltage (VGS) and drain voltage
(VDS) are applied on four solder pads.

The schematic of designed MIMN is exhibited in Fig. 2,
which can be considered as a four-port network with the
fourth port being opened at node “q.” The designed MIMN
consists of one core coupled line (Z1e, Z1o, θ1), four open-
circuited TLs [(Z1, θ2), (Z2, θ2)], and three capacitances
(C1, C2, C3), while the θ1 and θ2 are selected as 90◦ and
45 at f0 (θ1 = 2θ2). Define ZC = (Z1e × Z1o)

1/2 and k =
(Z1e − Z1o)/(Z1e + Z1o). Due to the symmetry of designed
MIMN, the corresponding even- and odd-mode equivalent cir-
cuit can be derived and shown in Fig. 2(a) and (b), respectively.

According to [14], [15], the governing equations for the
balun should satisfy (1) and (2), and the impedance matrix
of coupled line has been analyzed in [16] and shown in (3).
In addition, the terminal condition of open-circuited coupled
lines (Z1e, Z1o, θ1/2) can be expressed as (4) from Fig. 2(b).
By submitting (4) into (3), the impedance transformation char-
acteristic of the open-circuited coupled line can be obtained
and exhibited in (5). Then, based on Fig. 2(b) and transmission
line theory, the expressions of the even-mode input impedance
(Zeven) in the port 1 can be deduced as (6). Similarly, the
expression of odd-mode input impedance (Zodd) in the port 1
an be derived and exhibited in (7) from Fig. 2(c). To satisfy (1),
the condition can be derived as formula (8) by making sure the
imaginary part of Zeven equals 0, which provides the guidance
for the initial value selections of C2 and θ2. In a special case,
under even-mode excitation, the value of YC2 tends to 0 at 2n f0

(n∈ 1, 2, . . . , N), and the Zodd is a pure imaginary number.
Thus, under odd-mode excitation, the TZs are introduced at
2n f0, which is helpful to improve the out-of-band suppression
performance

Teven = 0 (1)

Zodd = 2 · Z p1 (2)⎡
⎢⎢⎣
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⎤
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where

Z1a = − j · ZC · cot(θ1/2)

1 − k2
, Z2a = − j · ZC · k · cot(θ1/2)

1 − k2

Z3a = − j · ZC · k · csc(θ1/2)

1 − k2
, Z4a = − j · ZC · csc(θ1/2)

1 − k2

V1 = I1 · ZC1, −V2 = I2 · ZC2, I3 = 0, I4 = 0 (4)

ZC2 = conj

(
− Z 2

2a − Z 2
1a + ZC1 · Z1a

ZC1 − Z1a

)
(5)

where

ZC1 = conj

(
1

/(
1

Z p2+1/ j · ω · C2
+ j · tan(θ2 · fx/ f0)

Z2

))

Zeven = 1
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+ 1

j · ω · C1
(6)

Zodd = 1

YC2 + j · tan(θ2 · fx/ f0)/Z1
+ 1

j · ω · C1
(7)

where

YC2 = conj

(
−Y 2

2a − Y 2
1a + YC1 · Y1a

YC1 − Y1a

)

YC1 = conj

(
1

Z p2 + 1/ j · ω · C2
+ j · tan(θ2 · fx/ f0)

Z2

)

Y1a = − j · YC · cot(θ1/2)

1 − k2
, Y2a = − j · YC · k · cot(θ1/2)

1 − k2

Y3a = − j · YC · k · csc(θ1/2)

1 − k2
, Y4a = − j · YC · csc(θ1/2)

1 − k2

×C2 · ω · Z p2 · cos θ2 + sin θ2 = 1. (8)

Based on the analysis above, the even- and odd-mode input
impedances (Zeven, Zodd) in the port 1 can be calculated
from (6) and (7). Then, Zeven and Zodd against frequencies with
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Fig. 3. (a) Even-mode and (b) odd-mode input impedances of port 1 against
frequencies with different values of Z1 and Z2 (normalized to 20 �).

Fig. 4. Frequency responses of the designed MIMN (a) with different
passband bandwidths and (b) with different impedance matching.

TABLE I

DETAILED PARAMETER VALUES OF MIMN UNDER DIFFERENT CASES

different values of Z1 and Z2 are plotted in Fig. 3. As observed
from Fig. 3(a), ranging from 0.1 to 10.0 GHz, the real parts of
Zeven almost remain zero with different values of Z1 and Z2

and result in high even-mode suppression performance. It is
seen from Fig. 3(b) that Zodd could be adjusted by tuning the
values of Z1 and Z2. Specifically, Z1 = 47 � and Z2 = 70 �,
the Zodd is matched to 20 � from 1.91 to 2.07 GHz, and
Zodd moves away from 20 � during 1.00–1.90 GHz and
2.08–8.00 Hz, resulting in good-selectivity bandpass response.

The frequency responses of designed MIMN with different
parameter values are depicted in Fig. 4, and the corresponding
parameter values are given in Table. I. As observed form
Fig. 4(a), the passband bandwidths in the designed MIMN can
be controlled by tuning the value of “k”, and bigger “k” will
result in wider passband bandwidth. It is seen from Fig. 4(b)
that impedance transformation performances in the MIMN can
be adjusted by changing the capacitances and characteristic
impedances of transmission lines. Accordingly, the passband
bandwidth and impedance transformation performance in the
designed MIMN can be independently controlled.

III. IMPLEMENTATION AND MEASUREMENT

To verify the presented idea, a filtering PPPA with wide
stopband suppression is fabricated on the substrate with the

Fig. 5. (a) Simulated and measured S-parameters. (b) Simulated and
measured Pout, gains and PAEs. The detailed values of the presented filtering
PPPA: l1 = 20 mm, l2 = 11 mm, l3 = 11 mm, l4 = 4 mm, l5 = 7 mm,
l6 = 5 mm, W1 = 2 mm, W2 = 3.5 mm, W3 = 1 mm, W4 = 0.5 mm, W5 =
1 mm, W6 = 5 mm, W7 = 10 mm, W8 = 4 mm, g = 0.2 mm, C1 = 1.2 pF,
C2 = 1.3 pF, C3 = 1.3 pF, C4 = 3.0 pF, C5 = 3.0 pF, C6 = 1.3 pF,
C7 = 1.3 pF, C8 = 1.2 pF, C9 = 3.0 pF, R1 = 12 �, R2 = 12 �, R3 = 30 �,
R4 = 30 �, L1 = 6.8 nH, L2 = 6.8 nH.

TABLE II

COMPARISONS WITH SOME PRIOR PAS

dielectric of 3.66 and the thickness of 20 mil. Moreover, the
photograph and detailed dimensions of designed filtering PPPA
are given in Fig. 5.

Under small-signal excitation, the simulated and measured
results of designed filtering PPPA are plotted in the Fig. 5(a).
Accordingly, the measured maximum gain is 13.9 dB at
1.96 GHz, while the measured 1-dB gain bandwidth is ranging
from 1.85 to 2.03 GHz. Additionally, the measured out-of-
band suppression level extends to 4.1 f0 with the rejec-
tion level of 20 dB. Fig. 5(b) demonstrates the simulated
and measured gain, output power (Pout), and power added
efficiency (PAE) at 2.0 GHz with the input power ranging
from 15 to 35 dBm. Moreover, the drain and gate voltages are
selected as 28 and −2.0 V, respectively. According to Fig. 5(b),
the measured maximum output power is 44 dBm with the input
power of 35 dBm, and the peak PAE reaches to 57.8% when
the input power is chosen as 34 dBm. The measured maximum
gain is 13.3 dB with the input power of 15 dBm.

The performance comparisons between designed filtering
PPPA and other similar works are exhibited in Table. II.
Accordingly, the filtering PPPA presented in this letter has the
advantages of compact size, wide upper stopband rejection,
high efficiency, and Pout.

IV. CONCLUSION

In this letter, a novel design method for the filtering PPPA
has been presented based on the MIMN, which could realize
impedance transformation, balanced and unbalanced conver-
sions, filtering response, and harmonic suppression simulta-
neously. Moreover, the passband bandwidth and impedance
transmission in the MIMN can be controlled independently.
The implemented filtering PA has shown both high-selectivity
bandpass response and excellent power amplification, which
is suitable for practical engineering application.
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