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previous simulation results. The first and the last bits in the

dropped channel have slightly higher power level than others

due to the pattern effect in a SOA. The measured signal-to-noise

ratios (SNR) are 11.4 dB and 10.2 dB for dropped channel and

remained channel, respectively. Due to the limit of experimental

conditions, the adding function was not demonstrated in this

experiment. However, it could be found that the vacant time

slots on the remained channel are clean enough for adding a

new channel by using a passive coupler and an appropriate time

delay.

Further simulations (not shown) suggest that the proposed

OADM function could operate at higher bit rates, which is

depended on the performance of the SOA, especially the carrier

recovery time. On the whole, FWM will not limit the working

speed of the module, since it is dominated by ultra-fast carrier

dynamics. But the slow carrier recovery time is an obstacle in

the XGM process. Fortunately, several operational parameters

can be adjusted to reduce the carrier recovery time, such as

increasing the injection current, increasing the optical power or

using assist light. Though fine-tuning these parameters, this

module is able to work at significantly higher bit rates.

4. CONCLUSIONS

We have proposed a simple and compact OADM configuration

by using only a single SOA. FWM and XGM effects in SOA

are employed to generate dropping and clearing channel. Good

performance is shown by both simulation and experiment at

10 Gbit/s. In addition, the module can be scaled to higher bit

rates by utilizing better device or optimizing some parameters.
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ABSTRACT: This article presents a novel ultra-wideband bandpass
filter with controllable notched bands, compact size, and relaxed

fabrication requirements. Its implementation is based on a rectangular
slot ring resonator with an embedded S-shaped slotline. The behavior of

the rectangular slot ring resonator is characterized and subsequently
adopted to build the wide passband. The notched band necessary for
rejecting wireless local-area network (WLAN) signals is implemented by

the S-shaped slotline. A prototype filter is implemented based on the
proposed structure and good agreement is found between simulations

and measurements. VC 2010 Wiley Periodicals, Inc. Microwave Opt

Technol Lett 52: 1980–1984, 2010; Published online in Wiley

InterScience (www.interscience.wiley.com). DOI 10.1002/mop.25381

Key words: ultra-wideband; bandpass filter; notched-band; slot line;

stopband attenuation

1. INTRODUCTION

In 2002, the Federal Communication Committee (FCC) author-

ized the unlicensed use of the ultra-wideband (UWB) frequency

band from 3.1 to 10.6 GHz for indoor and hand-held systems

[1]. Since then, considerable effort has been put into the devel-

opment of devices suitable for UWB applications [2]. As one of

the essential components, UWB bandpass filters (BPF) have

attracted significant research interest and various approaches to

the design of UWB BPFs have been proposed [3–9]. Based on

the fact that the WLAN signals (MMAC HiSWANa: 4.9–5.0

GHz, 5.15–5.25 GHz; ETSI HiperLAN2: 5.15–5.35 GHz, 5.47–

5.725 GHz; IEEE 802.11a: 5.15–5.35 GHz, 5.725–5.825 GHz)

are located within the UWB frequency band, as shown in Figure

1, UWB systems should expect interferences originating from

any one of these WLAN signal bands [2]. To reduce WLAN

related interference problems one option is to introduce a stop

band in the UWB BPF’s response at corresponding frequencies.

It could be either a 5–6 GHz stop band for the rejection of all

the WLAN bands or a narrow stop band to reject one of the sub

bands. UWB bandpass filters following this approach have pre-

viously been reported; In one case, a filter based on five short-

circuited stubs has been proposed, and embedded open-circuited

stubs were used to introduce a notched band [4]. Another filter

combines a conventional bandpass characteristic and negative

permittivity metamaterial to establish an UWB response and a

notch [5]. However, these designs have comparatively large

sizes. A compact filter using trilayer structures has the advant-

age of miniaturized size [6], but it is unsuitable for conventional

double layer PCBs. Using a modified multiple mode resonator

fed by interdigital coupled lines, an UWB BPF has been built,

and a notch band was created by extending and folding one of

the two arms in the coupled-line section [7]. A filter based on

stubloaded modified stepped impedance resonator and two iden-

tical interdigital feed-lines has also been proposed [8]. However,

usually narrow strip/slot widths are preferred in the interdigital

coupled lines used in these designs (min. gap width of 0.05 mm

in [7]), which require tight control of fabrication tolerances.
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Moreover, although upper stop band (>10.6 GHz) attenuation is

important for upper band interference and noise suppression,

only few UWB BPFs with notched band and satisfactory upper

stop band performance have been reported [7, 9].

This article proposes a novel ultra-wideband bandpass filter

that offers compact size, controllable notched bands, and relaxed

fabrication requirements. The topology is based on a rectangular

slot ring resonator with an S-shaped slotline. In this study, the

multimode resonant behavior of the rectangular slot ring is

adopted to achieve the ultra-wide passband. The notched band

for rejecting WLAN signals is implemented by embedding the

S-shaped slotline, while maintaining the small circuit size of

7.8 � 9.4 mm2. The S-shaped slotline plays a role of a half

wavelength resonator, so that a transmission zero can be intro-

duced at the resonant frequency. It is also shown that an upper

stopband attenuation of 28 dB can be easily achieved by con-

necting two low-pass filters (LPF) at both ends of the proposed

UWB BPF. A prototype filter is fabricated to verify the design.

Simulated and measured results are shown and a comparison

with previous work is provided.

2. DESIGN OF THE UWB BPF WITH A NOTCHED BAND

Figure 2(a) shows the proposed rectangular slot ring resonator

for the implementation of UWB BPFs with notched bands. It

consists of two 50 X microstrip feed lines with open stubs (solid

lines) on one metal layer of a two-metal-layer substrate, and a

rectangular slot ring resonator with an embedded S-shaped slot-

line (white strips) etched on the other metal layer (shaded area).

To clearly explain the principles of this coupling structure, the

multimode resonant behavior of the original rectangular slot ring

resonator without the S-shaped slotline is studied first. The study

is conducted by simulation using the Agilent ADS Momentum

simulator with the substrate RT/Duriod 6010 having a relative

dielectric constant of er ¼ 10.2, a loss tangent of tan d ¼ 0.0023

and a thickness of t ¼ 0.635 mm.

The original resonator is shown in the embedded figure in

Figure 2(b). The equivalent circuit of the original resonator is

shown in Figure 2(c), where Z0s and hs are the characteristic im-

pedance and half of the electrical length of the slot ring, respec-

tively. Z0mo and hmo are the characteristic impedance and elec-

trical length of the microstrip open stub, respectively. Coc

represents the parasitic capacitance at the end of the open stub,

and N is the turns ratio of the transformer modeling the coupling

between the microstrip and the slotline. The width of the slotline

is set to 0.9 mm to have a characteristic impedance of around

100 X for impedance matching, and the width of the open stubs

is set relatively wider, to 1.8 mm, for bandwidth improvement

[10]. L1 and L2 are set to 6.9 and 8.5 mm, respectively. They

are related to the resonant frequencies of the resonator [11],

which can be determined by

2ðL1 þ L2Þ ¼ nks; (1)

where ks is the slotline wavelength, and n is the mode number.

Using Eq. (1), the first three resonant frequencies can be calcu-

lated to 4, 8, and 12 GHz for this design. The simulated S21-

magnitudes of the resonator for three different values of L3 are

shown in Figure 2(b). The first three resonant modes can be

clearly seen at 4.3, 8, and 11.7 GHz when L3 ¼ 0.1 mm, which

is in good agreement with Eq. (1). As L3 increases to 2.9 mm

(around one-quarter of the microstrip wavelength at 6.85 GHz),

Figure 1 The FCC UWB EIRP mask, and the WLAN bands of differ-

ent standards

Figure 2 (a) Schematic of the proposed rectangular slot ring resonator,

(b) simulated S21-magnitudes versus frequency of the resonator without

S-shaped slotline, and (c) the equivalent circuit for the resonator without

S-shaped slotline. The parameters for this figure are: L1 ¼ 6.9 mm, L2 ¼
8.5 mm, W1 ¼1.8 mm, W2 ¼ 0.9 mm and varied L3. [Color figure can

be viewed in the online issue, which is available at www.interscience.

wiley.com]
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the microstrip open stub can be approximated as a short circuit

with neglectable end effects, and the turns ratio N is close to 1.

As a result the significance of the resonances is reduced, and a

�3-dB ultra-wide passband from 2.8 to 10.9 GHz is achieved.

An extra slotline is further integrated into the slot ring reso-

nator as shown in Figure 2(a) to introduce a notch into the pass

band of the UWB BPF. The extra slotline is implemented as an

S shape for easily embedding into the original circuit, while

maintaining the original circuit size. The S-shaped slot line

plays a role of a half wavelength resonator, and it introduces

transmission zeros at the resonant frequencies. A parallel reso-

nant circuit as shown in Figure 3(a) is used to model the behav-

ior of the circuit including the S-shaped slotline by simplifying

the original microstrip fed slot ring resonator to a 50 X trans-

mission line within the UWB pass band. In the circuit, Lr, Cr,

and Rr can be extracted from simulations [12]. By modifying

the structural parameters of the S-shaped slotline, the location

and bandwidth of the notch can be controlled, which can be

modeled by varying Lr, Cr, and Rr. Figure 3(b) shows the simu-

lated S21-magnitudes of the proposed structure for a fixed L4 ¼

Figure 3 (a) The equivalent circuit for the proposed resonator in the

UWB passband, (b) simulated rejection band versus frequency with var-

ied L5 (L4 ¼ 1.5 mm) and (c) simulated rejection bandwidth versus fre-

quency with varied L5 and L4. The parameters for this figure are: W1 ¼
1.8 mm, W2 ¼ 0.9 mm, W3 ¼ 0.3 mm, W4 ¼ 1 mm, L1 ¼ 6.9 mm, L2
¼ 8.5 mm, L3 ¼ 2.9 mm. [Color figure can be viewed in the online

issue, which is available at www.interscience.wiley.com]

Figure 4 Simulated S21-magnitudes versus frequency of the UWB

BPF without the S shaped slotline (without notch), with the S shaped

slotline (with notch) and with the S shaped slotline and LPFs. [Color fig-

ure can be viewed in the online issue, which is available at

www.interscience.wiley.com]

Figure 5 Schematic of the proposed UWB BPF (W1 ¼ 1.8 mm, W2 ¼ 0.9 mm, W3 ¼ 0.3 mm, W4 ¼ 1.0 mm, L1 ¼ 6.9 mm, L2 ¼ 8.5 mm, L3 ¼ 2.9

mm, L4 ¼ 1.45 mm, L5 ¼ 1.4 mm). Only one of the LPFs is shown in details.
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1.5 mm and three different values of L5. It can be seen that the

notched band is moved to lower frequencies when the S-shaped

slotline is extended by increasing L5. Simulated S21-magnitudes

with varied L4 and L5 are shown in Figure 3(c). It can be seen

that the �3-dB notched bandwidth can be adjusted from 250

MHz (L5 ¼ 1.4 mm, L4 ¼ 1.5 mm) to 1 GHz (L5 ¼ 1.7 mm, L4
¼ 0.4 mm) by modifying L5 and L4. This is mainly due to the

varying of the capacitance Cr by changing the distance between

the bended slot lines. By doing so, the notched band can be

adjusted to reject interfering signals of one (for example 5.15–

5.35 GHz) or all WLAN bands mentioned in section 1. In this

study, L4 and L5 are set as 1.45 and 1.4 mm, respectively, to

build a notched band at around the central frequency of 4.9–

5.83 GHz, i.e., 5.365 GHz as a demonstration. To avoid the

undesired impact of the second notch at 10.73 GHz on the

UWB pass band, stepped slotlines with width of 0.3 (W3) and

1 mm (W4) are used to move the second notch to 11.7 GHz (see

Fig. 4). The simulated S21-magnitudes of the UWB BPF with

and without notched band are shown in Figure 4.

From Figure 4 it is apparent that the UWB BPF shows lim-

ited attenuation in the upper stopband. To show that this draw-

back can be easily eliminated, two identical low-pass filters

based on capacitively loaded transmission lines are connected at

two ends of the UWB BPF to improve the upper stopband

attenuation. The complete layout of the designed UWB BPF is

shown in Figure 5. The simulated S21-magnitude of the UWB

BPF with upper stop band improvement is shown in Figure 4. It

can be seen that the upper stop band attenuation is drastically

improved while the desired UWB BPF response is maintained.

3. EXPERIMENTS AND RESULTS

The UWB BPF fabricated using RT/Duriod 6010 substrate has a

compact size of 7.8 by 26.7 mm. Both the top and the bottom

layers of the BPF can be seen from Figure 6(a). The simulated

and measured magnitudes of S-parameters are shown in

Figure 6(b). Here an excellent agreement is found between

simulated and measured results. The measured results show a

�3-dB frequency band of 2.6–10.7 GHz. The insertion loss is

0.75 and 1.3 dB at 3.9 and 8 GHz, respectively. The return loss

is better than 9 dB in both pass bands of 2.8–5.2 GHz and 5.74–

10.8 GHz. Figure 7 shows the simulated and measured S21-mag-

nitudes in 5–6 GHz, where a sharp �3-dB notched band with a

maximal attenuation of 21 dB can be observed in the frequency

band of 5.2–5.45 GHz. It also can be seen that there is a differ-

ence of about 100 MHz between the simulated and measured

Figure 6 (a) Fabricated UWB BPF, and (b) simulated and measured

magnitudes of S-parameters versus frequency of the UWB BPF with a

notched band. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com]

Figure 7 Simulated S21-magnitudes with two different dielectric con-

stants, and the measured S21-magnitudes versus frequency. [Color figure

can be viewed in the online issue, which is available at www.

interscience.wiley.com]

Figure 8 Simulated and measured group delays versus frequency of

the UWB BPF. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com]
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notch frequencies. This is attributed to the tolerances in the lay-

out and dielectric constant. When the dielectric constant in the

simulation is changed to 10.6 while using the same layout, the

simulated S21-magnitude matches the measured result very well

(see Fig. 7). The simulated and experimental group delays are

shown in Figure 8. The measured group delay varies from 0.4 to

0.7 ns, and 0 to 0.65 ns in the frequency band of 2.6–5.2 GHz

and 5.45–10.7 GHz, respectively. It is also clear that the attenu-

ation is more than 28 dB in the upper-stopband from 12 to 20

GHz. Apart from the good in-band performance, a comparison

of physical size, minimal strip/slot width, upper stop band

attenuation, �3-dB fractional notched bandwidth and maximal

notched band rejection between this work and previous work is

shown in Table 1. From this comparison it can be seen that this

work has the advantage of superior upper stopband attenuation,

while providing a rejection of WLAN signal comparable to pre-

vious work. This is achieved while maintaining relaxed fabrica-

tion constraints and a compact size.

4. CONCLUSION

A compact UWB BPF with a notched band for rejection of in

band WLAN signals is presented. The design makes use of a

novel rectangular slot ring resonator structure to implement the

required WLAN rejection. The novel rectangular slot ring reso-

nator consists of a rectangular slot ring and an S-shaped slot

line, and the size of the structure is only 7.8 � 9.4 mm2 (i.e.

0.46 k � 0.55 k, where k is the guided wavelength of 6.85

GHz). Apart from the good in-band performance shown by mea-

surement results of a prototype filter, the proposed BPF with

LPF sections has a compact size of 26.7 � 7.8 mm2, relaxed

fabrication requirement (0.25 mm minimum strip width) and

superior attenuation (better than 28 dB from 12 to 20 GHz) in

the upper stopband compared with previous work.
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ABSTRACT: In this article, added microstrip line at the bottom area
of printed circuit board (PCB) is proposed for improving the bandwidth
of GSM900, DCS1800, and PCS1900. By printing the microstrip line at

the bottom area of PCB, frequency bandwidth of slim-type cellular
phone which has a low-profile monopole antenna is improved.

Dimension of the microstrip line is 45 mm � 9 mm. The width and
length of the microstrip line is modified for good bandwidth. The
measured return loss of the antenna is better than 7.3 dB for low and

high band. Measured peak gains of the proposed antenna present 3.41,
5.48, and 5.95 dBi in each band, respectively. Details of the antenna

design are described. Its performances are also presented. VC 2010

Wiley Periodicals, Inc. Microwave Opt Technol Lett 52: 1984–1988,

2010; Published online in Wiley InterScience (www.interscience.

wiley.com). DOI 10.1002/mop.25399

Key words: monopole antenna; mobile antenna

1. INTRODUCTION

A cellular phone is developed to have a small volume for a good

design and to include a lot of parts for multifunctions. This makes

the allocated volume of antenna small. A cellular service provider

enforces specifications of antenna performance to save a cost and

reduce the customer’s complains for a bad connection in weak

TABLE 1 Comparison of UWB BPFS with Notched Band

Items

[Unit]

USB/Atten.

[GHz]/[dB]

MSSW

[mm]

NBW

[%]

MNBR

[dB]

Size

[mm2]

[4] a 0.1 6.5b 34 22.2 � 15.1

[5] a 0.25 16 22 45 � 14

[6] a 0.08 5.85 20 8 � 6

[7] 11–26/20 0.05 4.6 <10 10.7 � 2.2

[8] a 0.1 1.7 13.8 13.3 � 15

[9] 10–20/23 0.3 22 a 25 � 25

This work 12–20/28 0.25 4.7 21 7.8 � 9.4

26.7 � 7.8c

USB, upper stop band; MSSW, minimal strip/slot width; MNBR, maxi-
mal notched band rejection; NBW, notched band width.
a Unknown.
b �10 dB.
c with LPF section.
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