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A new microstrip diplexer for ultra-wide-band (UWB) and wireless LAN (WLAN)
bands is presented in this paper. The proposed structure integrates a multipole direc-
tional filter operating at WLAN band coupled to a UWB filter. The prototype is
capable of processing the whole UWB region (from 3.1 to 10.6GHz) with the
WLAN band notch in one channel, and the passband WLAN band in other channel
with a good selectivity due to the presence of transmission zeros at both sides of the
WLAN band. The proposed diplexer is simple to fabricate, as it is designed using
planar microstrip technology, and presents compact dimensions, making use of a low
number of elements. Moreover, it presents the capacity of processing a narrow band
(WLAN with 8% bandwidth) with a wide band (UWB). Simulated and measured
results are presented with good agreement and the diplexer presents a good perfor-
mance up to 15GHz.

1. Introduction

The ultra-wide-band (UWB) signals cover a very wide region of spectrum from 3.1

to 10.6GHz.[1–4] For such systems, multiband operation is often required, where

multiplexers play an essential role. With communication systems desired to have both

capabilities, such as UWB and wireless LAN (WLAN), multiplexing of their signals

becomes a key issue; however, it becomes difficult for such a structure to divide or

combine a very wide-band protocol, such as UWB, along with a narrow-band one as

WLAN.

Due to the large fractional bandwidth requirements (110%), it is difficult to realize

multiplexers covering the whole UWB in one channel along with a narrow-band chan-

nel as WLAN. In the available literature, multiplexers are not able to cover the entire

UWB at a single-output channel.[1–7]

For the design of multiplexers having the capacity of channelizing the wide band-

width of UWB signals, manifold multiplexers are not an option because they are able

to channelize only narrow-band channels. A manifold multiplexer is composed of

bandpass filters coupled to a main connecting structure; the separation between the

different channel filters must achieve a specific electrical length to produce the
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directionality in each of the output ports, but because this length is frequency-sensitive,

only narrow-bandwidth channels, around 10% maximum, can be obtained.[1–3]

Manifold structures having only two output ports, where two branched filters are

connected to a single node instead of using connecting lines of specific electrical length,

are able to increase the channel bandwidth up to 50%.[4–7]

In [4], a microstrip multiplexer, composed by two branched dual-band filters, sepa-

rates the input UWB signal into two output channels from 2.15 to 2.89GHz and from

5.13 to 5.84GHz at one port, and two channels from 3.22 to 4.83GHz and 6.07 to

8.22GHz at the other output port.

In [5], a microstrip diplexer combining two bandpass filters for Bluetooth (2.4GHz)

and a portion of UWB (from 3.3 to 4.85GHz) is reported.

In [6], two hairpin filters split the UWB into two passbands at two different output

ports, a lower band going from 3.1 to 5GHz and a higher band going from 6 to

10GHz.

Similarly, in [7], a microstrip diplexer based on two branched filters separate the

entire UWB into lower and higher passbands at two different ports, 3.1 to 4.8GHz and

6.4 to 10.2GHz, respectively.

Hybrid-coupled multiplexers are able to operate with wide bandwidths and channel-

ize more than two output ports, but their main disadvantage is their large dimensions

since they require two identical filters and two identical hybrid couplers per channel

[7–9]; however, the full UWB channel is not easily covered by this type of multiplexers

as the whole bandwidth is limited by the bandwidth of the hybrids. A hybrid-coupled

multiplexer with a total bandwidth of 50% and four output ports is reported in [9];

however, it makes use of three-stage branch-line couplers for such a bandwidth. In

order to design a hybrid-coupled multiplexer covering the entire UWB, hybrids with

several stages are needed paying the price of additional size and weight in the multi-

plexer.

On the other hand, as the multiplexing of a wide-band and a narrow-band such as

WLAN is being proposed, the use of directional filters as narrow-band structures is

optimum as they present lower number of components and easier design, compared

with manifold and hybrid-coupled multiplexers.[5–10] Moreover, they can generate

multipole responses, increasing the channel selectivity.[11–12]

By using the characteristics of a multipole directional filter, the latter is integrated to

a UWB filter to form a novel microstrip diplexer with the capacity of channelizing

UWB and WLAN bands. The novelty of the proposed diplexer relies on its capacity of

channelizing the full UWB at one output port, and WLAN at other output port, while

reported diplexers in the existing literature [1–4] are able to manage only part of the

UWB region or split it into different channels.

The proposed structure consists of a four-port network based on a wide-band

bandpass filter coupled to a multipole directional filter operating at WLAN; both

devices integrated and optimized together as one entity, producing a very compact and

effective multiplexing solution rather than cascading two different components. When

the signal enters Port 1, the UWB is obtained at Port 2 with suppression of the WLAN

band, which is completely recovered at Port 4. The WLAN channel shows good

selectivity due to the presence of transmission zeros at the edges of the band. Port 3

remains isolated, with the possibility of cascading more directional-filter stages follow-

ing a module concept for channelizing additional bands.[7,10–12]

The paper is organized as follows: Section II presents the design of the diplexer,

and the experimental results are shown and discussed in Section III.
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2. Diplexer design

The schematic of the proposed diplexer is shown in Figure 1. It consists of a nine-pole

UWB filter and an integrated two-pole directional filter operating at the WLAN band.

The UWB signal (3.1–10.6 GHz) with suppression of the WLAN is obtained between

Ports 1 and 2 and the WLAN band (centered at 5.4GHz) is directed from Port 1 to

Port 4. No signal is reflected to Port 1 and Port 3 remains isolated.

2.1. UWB channel

The UWB filter, used for the diplexer design, is based on the optimum-distributed high-

pass filter, which consists of shunt stubs of electrical length hs separated by connecting

lines of electrical length hc= 2hs, at the lower cutoff frequency f1. The order of the filter

is 2n–1, n being the number of shunt stubs.[13,14]

A bandpass filter with five shunt-stubs, as shown in Figure 2, producing a nine-pole

response, is designed for the UWB region. The used substrate is Rogers RT/Duroid

5880 with relative permittivity ɛr= 2.2, and height h = 0.787mm. The lower cut-off

frequency f1 is set as 3.1GHz and the upper cutoff frequency f2 is located at 10.6 GHz

according to the UWB specifications.[1–4] From [14], the stub length hs is obtained

using

p

hs

� 1

� �

f1 ¼ f2: ð1Þ

The calculated hs and hc values are 40.73° and 81.46°, respectively. As shown in

Figure 2, Z1 to Z5 denote impedances of the shunt stubs and Z12 to Z45 are impedances

of the connecting lines; Z0 is the characteristic impedance, which is stated as 50Ω.

Based on the optimum-distributed highpass filter-table design in [14], impedances of

each stub and connecting line for the proposed UWB filter are calculated and tabulated

in Table 1.

The structure is simulated using [17], and an optimization process is carried out by

slightly varying the filter dimensions. The final UWB filter geometry is shown in

Figure 3(a) and its frequency response is plotted in Figure 3(b).

Figure 1. Schematic circuit of the proposed diplexer.
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Figure 3. UWB filter (a) geometry and (b) frequency response.

Figure 2. Schematic circuit of an optimum-distributed highpass filter [11].

Table 1. Impedances of the UWB filter shunt stubs and connecting lines.

Shunt stubs Connecting lines

Z1 =Z5= 81.6Ω Z12=Z45= 51.1Ω
Z2 =Z4= 54.8Ω Z23=Z34= 53.2Ω
Z3 = 50Ω

4 H. Lobato-Morales et al.
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2.2. WLAN channel

For the WLAN channel, a multipole directional filter operating at 5.4GHz is designed

and coupled to the main line of the UWB filter, as shown in Figure 1.

A directional filter is a four-port device having a narrow bandpass response from

Ports 1 to 4, and its complementary bandstop between Ports 1 and 2; no energy is

reflected to Port 1 and Port 3 remains isolated.[10–12] A multipole directional filter is

able to generate narrow-bandwidth channels with good selectivity due to the presence

of transmission zeros at the passband edges.[11,12]

For the WLAN channel, a two-pole directional filter operating at 5.4 GHz with 8%

bandwidth is designed. The structure is composed by two stages connected by 90° lines

that act as immitance inverters,[11,12] as illustrated in Figure 4. Each stage is com-

posed of two identical resonators coupled to transmission lines of different electrical

length (90° and 270°) to produce the directionality of the signal.[10–12] The operation

principle of the directional filter is further analyzed in [10–12].

At the frequency region of operation, a bandstop response is obtained between Ports

1 and 2, and the complementary bandpass is directed from Ports 1 to 4; thus, the direc-

tional filter design is based on the bandstop filter approximation, which in turn is based

on the reactance slope parameter xi of each stage [11,14]

xi ¼ Z0

1

gnþ1;
giXcFBW

; ð2Þ

i ¼ 1 to n; g0 ¼ 1;

where gi and Ωc are the element values and cut-off of the lowpass prototype,

respectively [14]; FBW is the fractional bandwidth and n is the order of the filter. The

parameter xi is related to the frequency response of a single stage by its notch 3-dB

bandwidth Δf3dB [14] as

xi

Z0

¼
f0

2Df3dB
: ð3Þ

Figure 4. Schematic of the two-pole WLAN directional filter.
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Table 2 tabulates the gi and the normalized xi/Z0 values for the directional filter

design.[11,12] The proposed design is based on a two-pole Butterworth bandstop filter,

and the lowpass gi parameters are taken directly from [14]

As the directional filter is coupled to the UWB filter to form the diplexer,

slow-wave resonators [14,16] are used since its fundamental resonance fs1 and first spu-

rious fs2 can be adjusted at specific frequencies, producing no interference along the

high-frequency region of the UWB. The resonators are designed as open microstrip

lines with folded capacitive patches at both ends generating a slow-wave effect, which

in turn produce the spurious frequency to separate from the fundamental resonance. The

slow-wave effect in resonators is detailed in [16]. Figure 5 shows the geometry of the

resonator, its simulated frequency response, and current distribution; the fundamental

mode ( fs1) is at 5.4GHz, and the second mode ( fs2) appears at 16.7GHz, well outside

the UWB region.

Stage 1 (Figure 4) is designed over the Rogers RT/Duroid 5880 substrate with

height h= 0.787mm. The coupling of the resonators to the transmission lines (90° and

270°) is capacitive by means of interdigital fingers for easy bandwidth control. An

increase in number and length of fingers generates stronger coupling [17], consequently,

the bandwidth is increased and the reactance slope parameter xi is decreased according

to (3). The reader is referred to [17] for details in capacitances using interdigital fingers.

Table 2. Lowpass filter parameters for the design of the directional filter.

g0 = g3 g1= g2 x1/Z0 x2/Z0 FBW

1 1.4142 8.8 8.8 0.08

Figure 5. Geometry of the slow-wave resonator, its frequency response and current distribution.
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In simulations [15], the length of the connecting lines between the resonators is

optimized to obtain maximum transmission in S41 at the operating frequency. The

longest line (270°) has been meandered for miniaturization. A parametric analysis of xi
is performed in simulations by varying the length of 15 interdigital fingers between the

resonator and the connecting lines; each finger is 0.2mm wide with a gap of 0.1mm

between them, which are the minimum achievable dimensions for fabrication using

conventional photolithography. Figure 6 plots the normalized xi value (xi/Z0) (3) for

different length of fingers.

From Figure 6, it can be seen that interdigital fingers with length of 0.9mm satisfy

the calculated xi value stated in Table 2. Figure 7 shows the geometry of a single stage

and its frequency response.

From Figure 7(b), it can be observed that there are total transmission for S41 at the

operating frequency 5.4GHz. S21 corresponds to the complementary notch response,

having a Δf3dB that goes from 5.23 to 5.53GHz, producing the desired x1 value. Return

losses S11 and isolation S31 are below �22 dB, having negligible influence with S21 and

S41.

To complete the two-pole directional filter, Stage 2 is designed identical to Stage 1

due to the symmetry of the design, and they are cascaded by means of 90° lines (immi-

tance inverters), as shown in Figure 4. In simulations [15], the length of the immitance

inverters is optimized to obtain maximum transmission for S41 at the operating band.

Figure 8 shows the final geometry of the WLAN directional filter and its frequency

response.

As it can be seen from Figure 8, although the design is based on a Butterworth filter

response, two transmission zeros appear at the edges of the bandpass response (S41) at

4.98 and 5.83GHz. This can be explained by the generation of small ripples along S21

outside the WLAN operating region, producing zeros in S41; the lines connecting the

resonators and both stages are frequency-sensitive and they approximate 90° and 270°

Figure 6. Normalized xi value for different interdigital fingers length.
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only over a limited range generating standing waves outside the operating band.[10,12]

However, the generation of zeros in S41 significantly improves the selectivity of the

WLAN channel. To support this fact, simulations were carried out using ideal connect-

ing lines (nonfrequency-sensitive lines) and the correspondent frequency response is

also plotted in Figure 8(b), showing the absence of the transmission zeros, as expected.

2.3. Proposed diplexer

To form the diplexer geometry, the WLAN directional filter is coupled to the UWB

filter (as shown in Figure 1); the lower line of the directional filter is replaced by the

main line of the UWB filter. Although the structure is composed of the simple combina-

tion of both structures, it requires an extra optimization process in simulations.[17] The

initial diplexer geometry is shown in Figure 9(a), and it is simulated with lossless

materials.

For the UWB structure, the inclusion of the coupling interdigital fingers along its

connecting lines causes an increase level of return losses S11 along the UWB region, as

Figure 7. Single stage directional filter (a) geometry and (b) its frequency response.
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can be seen in Figure 9; a first lobe at �7.4 dB at 3.35GHz can be observed. For the

S21 curve, a ripple of �1.3 dB is generated at 3.4GHz. In the optimization process, this

can be overcome by slightly varying the distance between shunt stubs 2 and 3, and 3

and 4 simultaneously, as it is a symmetrical structure; from the initial distance value

13.5mm Figure 3(a), the optimized distance becomes 12.4mm.

Within the WLAN frequency region, the highest variation due to the coupling of

both the structures is also reflected in an increase level of return losses S11 [Figure 9(b)].

A peak of �5.8 dB at 5.15GHz can be observed. This is due to the phase difference

between the initial transmission line (immitance inverter in the directional filter) and that

of the UWB filter between resonators 2 and 3 [see Figure 9(b)] in the coupling of both

structures (directional filter and UWB filter). The main difference in phase is produced

by the presence of the center shunt stub (with impedance Z3 in Table 1). Also, the S41

curve within the WLAN region presents poor symmetry. By varying the distance

between resonators 2 and 3 from 3.2 to 4.2mm, this can be significantly improved.

Length of the shunt stubs is not modified in the optimization process. The final diplexer

geometry is shown in Figure 10. The lines connected to Ports 3 and 4 have been bent

Figure 8. Two-pole directional filter (a) geometry and (b) frequency response.
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Figure 10. Final geometry of the proposed diplexer.

Figure 9. Proposed diplexer without optimization: (a) geometry and (b) simulatedresponse.
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45° away from Ports 1 and 2 for the inclusion of the connectors in the fabricated

structure.

3. Experimental results

The proposed structure is fabricated using the Rogers RT/Duroid 5880 substrate by

using a photolithographic process. Overall dimensions of the diplexer are 72mm length

by 30mm width. Figure 11 shows a photograph of the fabricated structure. The simu-

lated [17] (including conductor, dielectric, and radiation losses) and measured responses

are plotted in Figure 12(a) (S21 and S41) and Figure 12(b) (S11, S31, S43 and S44).

From Figure 12, it can be noticed that the simulated and measured responses are in

good agreement. For the experimental results, maximum S21 losses are 0.7 dB for the

UWB region between 3.2 and 5.2GHz, and 1.8 dB for the region between 5.6 and

10.5GHz. The measured 3 dB bandwidth for S21 goes from 3.1 to 5.14GHz with a

notch centered at 5.43GHz, and continues from 5.85 to 10.7GHz. S41 shows the

WLAN band with 1.1 dB losses at a center frequency of 5.44GHz with 7.2% band-

width, from 5.26 to 5.65GHz. Two transmission zeros at both sides of the WLAN band

(5.06 and 5.875GHz) increase its selectivity. The measured WLAN central frequency

shifted 60MHz upwards compared with simulations.

It can be observed from Figure 12(b) that the measured S11 and S31 are below

�11 dB for the whole band of interest, except a small peak in S11 of �8.4 dB appearing

at 5.25GHz, which correspond to a peak of �11.4 dB at 5.13GHz in simulations. The

measured S43 response presents the WLAN band notch and is attenuated 3 dB up to

10GHz. The measured S44 (equal to S33 due to the symmetry) remains below �10 dB

for the whole UWB except around the WLAN band, where it shows two lobes of

�7.3 dB at 5.1GHz and �8.6 dB at 5.7 GHz each. As shown in Figure 12, performance

of the diplexer is good up to 15GHz.

Differences between simulated and measured responses are due to manufacturing

tolerances and the inclusion of SMA connectors in the measurements.

Figure 11. Photograph of the fabricated diplexer.
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4. Conclusions

A new compact microstrip diplexer suitable for a very wide bandwidth along with a

narrow-band channel was presented. The proposed structure makes use of two different

planar circuits integrated into one single entity; an optimum distributed highpass filter

and a multipole directional filter, to produce enough capacity to channelize the entire

UWB and WLAN bands into two different ports. The proposed diplexer presents a

good performance for both the UWB and WLAN channels. Moreover, due to the pres-

ence of transmission zeros, the WLAN channel increases its selectivity. The structure

presents a compact diplexing solution, rather than using two separate devices, with an

ease in its fabrication. Simulated and measured responses are in good agreement.

Figure 12. Simulated and measured responses of the proposed diplexer, (a) S21 and S41 and (b)
S11 and S31; measured S44 and S43 are plotted in the inset.
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