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Abstract. A lowpass-bandpass (LP-BP) diplexer with one lowpass channel (LPC)
and one bandpass channel (BPC) is presented. The lumped-element dual-
resonance resonator as common resonator is proposed to connect inductors,
capacitors and LC resonator to constitute the desired channels. The LPC design is
combined with parameters optimization and the lowpass transformation method,
and the BPC design can be developed using the classical design theory of coupled-
resonator filter. As an example, a 0.9 / 1.8 GHz LP-BP diplexer is designed and
fabricated, which exhibits high return loss (RL), low insertion loss (IL), wide
bandwidth (BW), high isolation and extremely compact size.
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1. Introduction

Recently, the multiplexers play a very important role in signal synthesis and
distribution in modern multi-service and multi-standard communication systems [1~8].

A LP-BP triplexer is proposed in [1], but the defected ground structure increases the
installation complexity and may lead to power leakage. In [2], the lowpass channel
(LPC) is designed by cascading multiple different sizes of the quasi-elliptic lowpass
structure, but its bandpass channels (BPCs) suffer from narrow bandwidths (BWs) and
high insertion losses (ILs). Another LP-BP diplexer design approach by using the
impedance matching method is reported in [3], but the coupled-line BPC typically is
difficult to be realized in the external quality factor due to the line space limitation
between the coupled feeding line and coupled-line. Moreover, the above LP-BP
multiplexers are mainly based on the distributed-parameter resonators which have a
relatively large size.

In this paper, a novel LP-BP diplexer design is proposed by using a common
lumped-element dual-resonance resonator, which the electrical performance and circuit
size can be improved.

2. 0.9/1.8 GHz LP-BP Diplexer Design

Figure 1(a) shows the circuit model of proposed LP-BP diplexer, and the circuit model
of lumped-element dual-resonance resonator and conventional L,C, resonator are
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presented in Figure 1(b) and Figure 1(c) respectively. The Li;C; branch of lumped-
element dual-resonance resonator together with inductors and capacitors constitute a
Sth-order LPC with 3dB cutoff frequency fi-3s3 = 0.9 GHz, and the L,C, branch of
lumped-element dual-resonance resonator coupled with a L,C, resonator by using a
capacitor C, constitute a second-order BPC with central frequency f, = 1.8 GHz.
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Figurel. Circuit model of (a) proposed LP-BP diplexer, (b) lumped-element dual-resonance resonator

proposed in [9], (c) conventional LC resonator.

A. Resonator Analysis

According to the work [9], the input admittance Yin,.prr of lumped-element dual-
resonance resonator can be written as
y ja)(lea)4+qua)2+er)

in_DRR — G 2 2 (1
Pp@ +qp 0" 1,0 +1

where
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When g7, —4p,,7,, >0 is built, its natural resonant frequency with higher frequency

fprr2 18 given by
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The external quality factor Qc.prr> of lumped-element dual-resonance resonator at fpgr>
can be expressed by
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where Zy = 50 Q is the port impedance.
The input admittance Yi,-rc of LyCp resonator can be derived as
1-0’L,C
Yin?LC = ) 4)

joL[1-o* (L, - L,)C,]
The natural resonant frequency fi¢ of L,C} resonator is calculated by
1
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The external quality factor Q..» of L,Cj, resonator can be written as
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B. LP-BP Diplexer Design
Step 1: 0.9 GHz LPC Design. The circuit model of ideal Sth-order lowpass filter

(LPF) is shown in Figure 2, and the L,C, branch in Figure 1(a) is not included for
analysis simplicity.

Ideal Sth-order lowpass filter

Figure 2. Circuit model of ideal 5th-order LPF.

First of all, the series LoC; circuit is temporarily removed from this 5th-order LPF,
then the values of L1, C) and L; are calculated by

Q
L1 — 070g1 (73)
Q
C = (7b)
a)cy()
Q
L] — c70g3 (7C)
0

where Q. = 1 rad/s, yo = 50, @. = 2nf., which f; is the cutoff frequency and g;-; are the
lumped circuit element values of the lowpass prototype filter referred to [10].This Sth-
order LPF is designed for a Chebyshev frequency response and a 28 dB return loss
(RL), f- = 0.675 GHz is chosen to acquire f-343 around 0.9 GHz. L, = 84 nH, C; =~ 6
pF and L; = 18 nH can be then derived as using the lowpass transformation method [10].
The frequency response of Sth-order LPF without series LoC; circuit is shown in Figure
3 by the dash line.
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Figure 3. Frequency response of 5th-order LPF with or without series LOCt circuit, and LPC of LP-BP
diplexer.

After the series LoC; circuit, which produces the virtual grounds at the connected
points is considered in the Sth-order LPF. It will result in a transmission zero (TZ). The
frequency location of this TZ fr; is determined by

1

Jz = W )]

C; = 2.4 pF can be calculated after Lo = 2.4 nH is preset and frz = 2.1 GHz is set in this
design. The frequency response of Sth-order LPF is affected by series LoC; circuit. It is
verified that the values of L; and C; can be optimized to acquire the desired Sth-order
LPF performance. In this design, firstly L; = 14.4 nH is selected so that the
corresponding return loss (RL) is better than 20 dB within lowpass passband, and then
Ci = 6.6 pF is selected to meet the return loss (RL) requirement of better than 28dB.
Interestingly, we find that 3dB cutoff frequency (f-34s) is obtained around 0.9 GHz in
the present case. The final frequency response of Sth-order LPF with series LoC; circuit
is plotted in Figure 3 by the dash-dot line.
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Figure 4. Extracted Q. prr2, Qe » and My, of lowpass-bandpass diplexer.

Step 2: 1.8 GHz BPC Design. The lumped-element dual-resonance resonator and
LyCy resonator will build the passband with bandpass response by the coupling
capacitor C, which is actually served as a J-inverter in this case. The ripple bandwidth
(RBW) and return loss (RL) of BPC is specified as RBW = 225 MHz and RL = 20 dB.
For an ideal second-order BPF, the external quality factor Q. and the coupling
coefficients M, can be acquired as Q. = 6.83 and M, = 0.12878 [10]. There are
various combinations of L, and C, which can meet the fprro = 1.8 GHz. Figure 4(a)
shows the extracted Q. prr2 versus C; with fixed fprr2 = 1.8 GHz. L, =8 nH and G, =
0.787 pF are calculated to meet Q. = Q. prro and fi = fprro. After C, = C; is preset, Ly
=9.9339nH can be calculated by Eq. (5). The relationship between the variation of Q..»
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and L, is also shown in Figure 4(a), to meet the condition that Q. = Q..s, L: = 2.54 nH
is chosen. The variation trend of extracted M, relative to C. is plotted in Figure 4(b)
and C. = 0.12 pF is preselected to acquire the required Mj. In addition, considering the
influence of parallel negative capacitances in the J-inverter, the design parameters of
proposed LP-BP are further optimized. The values of these parameters summarized as
L() =24 IIH, L1 =144 nH, C1 =6.6 pF, Lz =18 nH, Ct =24 pF, Lz =8 IIH, Cz = Cb =
0.667 pF, L, = 11.1 nH, C. = 0.119 pF and L, = 3 nH. The solid line in Figure 3 plots
the LPC of proposed LP-BP diplexer. It can be observed from Figure 3 that the out-
band performance of LPC is improved with extra two TZs introduced by the BPC due
to the increased signal transmission paths, and the effect of BPC on LPC is minor
beacause the responses of |[S11| and [S21] are basically the same with or without BPC.

- Top Layer - Bottom Layer @ Via to Ground

Figure 5. Physical layout of designed LP-BP diplexer (not to scale).
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Figure 6. Simulated and measured results of fabricated LP-BP diplexer.
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3. Simulated and Measured Results

Figure 5 shows the physical layout of designed LP-BP diplexer. This design was
fabricated on a Rogers RT/duroid 5880 substrate, which # = 0.508 mm, &. = 2.2 and
tano = 0.0009. Its circuit realization approach can refer to the work [11]. Figure 5 also
notes the physical dimensions of the final optimization. The illustration is shown in top
right of Figure 6 is the photograph of fabricated LP-BP diplexer, it occupies the circuit
area of 0.103X0.063 A,/ excluding the feeding lines, and the physical dimensions is
34X21mm? Ay is the wavelength of 50 Q microstrip line at 0.9 GHz on the Rogers
RT/duroid 5880 substrate.

Figure 6 plots the simulated and measured results of fabricated LP-BP diplexer.
The LPC measured results of 3dB cutoff frequency (fc-3a8) is 0.87GHz, in-band
insertion loss (IL) is 0.3dB, return loss (RL) is better than 20dB. The BPC measured
results of central frequency (CF) is 1.78GHz, 3dB fractional bandwidth (FBW) is
20.1%, in-band insertion loss (IL) is 0.65dB, and return loss (RL) is 20dB. The
common port return loss (RL) is also better than 20 dB within two passbands, and the
isolation between lowpass and bandpass channels are better than 52dB. Table 1 shows
a comparison performance between the references [1~3] and this work.

Table 1. Comparison between the references and this work

[1] [2] [3] This work
fc_3dB and CF (GHz) 1.07/2.45 1.0/1.7 1.52.4 0.87/1.78
3dB FBW (%) 7.7 8.5 7.6 20.1
IL of LPC / BPC(dB) 0.8/2.1 0.53/2.08 0.25/2.42 0.3/0.65
Isolation(dB) 40 37 35 52
Circuit size (mm?) 70x42 74x40 97x62 34x21

4. Conclusion

A 0.9 /1.8 GHz LP-BP diplexer is presented by using lumped-element dual-resonance
resonator and LC resonator, and the design procedures are introduced in detail. The

proposed LP-BP diplexer exhibits high return loss (RL), insertion loss (IL), high
isolation and compact circuit size. Owing to these excellent electrical performances, the
proposed structure has a bright prospect in the fields of signal synthesis and distribution.
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