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Abstract

A broadband contiguous duplexer for a broadband single balanced mixer is presented. The
duplexer is designed by combination of singly terminated low and high pass filters. The fabricated
duplexer performs from DC to 4.6 GHz for low pass channel and 4.6 GHz to 18 GHz for high pass
channel. For broadband high pass filter, broadside-coupling line is used. For low pass filter, high
impedance lines without bottom conductor of the substrate are realized to obtain high values of
inductance. The fabricated duplexer shows that insertion loss for low pass channel is less than 1 dB
and high pass channel is less than 3 dB. More than 10 dB return loss is obtained for overall
operating frequencies.
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1. Introduction

Microwave mixer is a fundamental component in many RF/microwave systems and is a
standard component in wireless communications systems. It is a device that performs the task of
frequency conversion, by multiplying two signals. In most cases, the mixer plays an important role
in defining the overall performance of these systems. If port-to-port isolation is poor, unwanted
signal might contaminate desired mixing signal and it could degrade system performance. However,
there is always some amount of power leakage between LO, RF and IF ports. Variety researches
have been carried out to enhance isolation. Well designed balun is recommended because mixer
balancing offers inherent isolation between ports, cancelation of the most intermodulation products
and improved conversion efficiency. Among many types of mixer, lots of single balanced mixers
have been studied due to its simple design and good performance [1-2]. Single balanced mixers use
90° or 180° hybrid providing good isolation for the RF and LO ports. However, additional
extraction circuit for IF is needed and external circuit should be added to obtain good isolation
between IF and other ports. The bandwidth limited hybrids (balun) have been also used so that
realization of broadband IF is difficult.

In this paper, we proposed the broadband duplexer for a single balanced mixer utilizing ultra-
wideband balun to obtain ultra-wideband bandwidth [3]. The proposed duplexer is designed using
high impedance lines without bottom conductor for low pass filter and broadside coupling to realize
high values of capacitance for high pass filter. The fabricated duplexer exhibits low insertion losses
and high isolation between two outputs.

2. Ultra-wideband single balanced mixer

The proposed broadband single balanced mixer is shown in Fig. 1. The diodes are
connected in series to the CPS from ultra-wideband balun in parallel to CPW. (The diodes are
installed at the intersection of the CPS and CPW). In this paper, the ultra-wideband balun is adopted
to convert unbalanced signal to balanced signal at LO port. The proposed duplexer is connected for
RF and IF ports. When the LO signal is applied to the diodes, balanced signal is excited at the
diodes and LO signal is virtually terminated at diode junction on CPW signal line. Additionally
balanced CPS signal is blocked due to unbalanced CPW mode. High isolation between LO and RF
is obtained through this way. As an extra circuitry to enhance isolation between ports, we proposed



contiguous duplexer for RF and IF ports. The duplexer with transit frequency 4.6 GHz is designed
to cover RF/LO frequency from 5 to 18 GHz and IF frequency from DC to 4 GHz.

3. Contiguous duplexer design

Proposed duplexer is designed by shunting low pass filter and high pass filter as shown in
Fig. 2. Two filters should be matched at a common junction to minimize the reflection at port 1
(input) [4]. The sum of real value of admittances of two filters should be equal to the admittance of
port 1. In the same way, the sum of imaginary values of two filters should be zero. LC-prototype of
duplexer is designed based on the modified filter element values of 5™ order singly terminated low
pass filter and 3™ order singly terminated high pass filter. The values of duplexer lumped elements
for the transit frequency 4.6 GHz is demonstrated in Fig. 2.
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Figure 2: LC-prototype of duplexer

In this design, RT/Duroid 4003 with 8-mil thickness is used as a circuit substrate (er=3.38).
The series inductance is realized by short high impedance lines without bottom conductor to obtain
high impedance compared to having bottom conductor. The shunt capacitance is realized by low
impedance lines. For a design of high pass filter, the design guideline in [5] is adopted. The series
capacitance is obtained by broadside-coupled line because it is difficult for edge-coupled lines to
realize high capacitance. The shunt inductance is made by short high impedance lines located on the
bottom plane. The dimensions along with LC values are calculated by [4]. The two filters are
connected with short lines as shown in Fig. 3. It is important for connection lines to have short lines
to prevent short-circuiting the high pass by high admittance absolute values in the stop band of the



low pass due to phase progression [6]. The layout and dimensions of the duplexer are shown in Fig.
3.

Figure 3: Layout of broadband duplexer. The dimensions are: W1=120 mil, W2=8 mil, W3=18 miil,
W4=100 mil, W5=10 mil, L1=50 mil, L2=66 mil, L3=160 mil, L4=85 mil, L5=100 mil, L6=34 mil,
L7=50 mil, L8=65 mil, S1=10 mil and S2=5 mil

Fig. 4 shows the top and bottom pictures of the fabricated duplexer. The performance of the
duplexer was measured using the Anritsu network analyzer 37397C with the duplexer mounted in
an Anritsu universal test fixture. Fig. 5 shows simulated and measured results. It shows good
agreement between simulated and measured results. It is observed that measured insertion loss up to
4 GHz is less than 1 dB with more than 10 dB return loss for low pass channel. For frequencies
from 5 to 18 GHz, measured insertion loss is less than 3 dB with more than 10 dB return loss.
Higher insertion losses at high frequency may have been caused due to fabrication inaccuracy and
the high loss tangent (loss tangent = 0.0027) of the substrate. Over 20 dB isolation is obtained
within the operating frequencies.
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Figure 5: Measured and simulated return and insertion loss of the duplexer



4. Conclusion

A design method of broadband duplexer is introduced. The duplexer is combination of
singly terminated low pass filter and high pass filter. The proposed duplexer provides low insertion
loss, good return loss, high isolation and broad bandwidth. It is expected that the duplexer is
applicable to a broadband single balanced mixer.
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