
Contents lists available at ScienceDirect

Int. J. Electron. Commun. (AEÜ)

journal homepage: www.elsevier.com/locate/aeue

Regular paper

Design of miniaturised CMOS bandpass filters for ultra-wideband
applications

Abdelhalim A. Saadia,⁎, Mustapha C.E. Yagoubb, Abdelhalim Slimanea, Rachida Touhamic

a Centre de Développement des Technologies Avancées, Algiers 16303, Algeria
b School of EECS University of Ottawa, Ottawa, ON K1N 6N5, Canada
c Instrumentation Laboratory, USTHB, Algiers 16111, Algeria

A B S T R A C T

In this paper, a set of ultra-compact CMOS bandpass filters are proposed for ultra-wideband (UWB) applications.
For this aim, a comparative study was first performed enabling to deduce that Chebyshev-inverse and Hourglass
filtering functions can be the most suitable for UWB operation. The impact of the latter functions on the easiness
of implementation in integrated passive device (IPD) technologies and filtering performance was investigated,
where the designed filters were implemented in 0.18-µm CMOS technology. Finally, the issue of in-band in-
terference has been addressed by rejecting the wireless local area network (WLAN) signals. The performance of
the proposed UWB filters were validated through post layout simulation, and good fulfilling with UWB speci-
fications was noted while depicting a compact size, smaller than 0.6 mm2, which is very miniaturised compared
with relevant works mentioned in the state of the art.

1. Introduction

Nowadays, the enthusiasm for new wireless communication tech-
nologies continues to increase in a noteworthy manner. Academics and
industrials are still contributing for efficient flexible interfaces that offer
mobility and high data rates to the users. Among emergent technolo-
gies, Ultra Wide-Band (UWB) technology allows boosting wireless ap-
plications within 3.1–10.6 GHz spectrum with indubitable advantages
such as, up to 500Mb/s data rate, simple hardware design architecture,
low transmission power, and low density energy over the wide oper-
ating bandwidth [1,2].

Since the US Federal Communications Commission has authorised
the 3.1–10.6 GHz band as new unlicensed bandwidth, industrial interest
has grown dramatically targeting the benefits of UWB technology to
deploy it in various applications. Wireless communication has been
found as fertile field to the application of UWB technology, especially in
short-range and/or high-speed data rate applications [1–6], like per-
sonal area networks [2], body area networks [3], sensor networks [4],
radar positioning [5], and machine-to-machine networks [6], to name a
few. However, due to their large spectrum, systems designed for such
applications are requested to maintain a very low power spectral den-
sity making them vulnerable to higher power narrowband signals [1,7].
In fact, UWB systems are submitted to strict specifications in terms of
both out-of-band and in-band interference cancellation. These

specifications are, indeed, reported to microwave bandpass filters
(BPFs) making them a key unit in UWB system design.

During the last decade, significant efforts have been made to address
the issue of interference cancellation in UWB systems. Several UWB
BPFs have been designed based on various approaches such as the
impedance matching method [8], the multiple-mode-resonator tech-
nique [9–11], the hybrid microstrip/coplanar waveguide technique
[12,13], the optimum short-circuited stub technique [14], the cascaded
high-/low-pass filter technique [15,16], and the multilayer broadside-
coupled technique [16]. Note that most reported UWB BPFs have been
implemented on printed circuit boards.

Nevertheless, the current demand for efficient wireless systems
implies manufacturing more compact and cost-effective devices,
therefore the application of SoC (System on Chip) concept become in-
escapable, leading UWB designers toward fully integrated solutions.
Consequently, the need for integrated filters has been arisen and UWB
BPFs in Integrated Passive Device (IPD) technology have been pro-
posed. For instance, in [17], a CMOS UWB BPF has been realised using
a pi-LC network where very small insertion loss has been achieved. In
[18], a parallel LC resonator, arranged in series and parallel branches,
has been proposed to design Silicon-based IPD UWB BPFs. To provide a
sharp roll-off with relatively few components, a fifth order elliptic filter
fabricated in Silicon-based IPD technology has been presented in [19].
Author in [20], has cascaded two high- and low-pass cells to build
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micro-machined silicon UWB BPFs. Also, a third-order wide-band filter
with a capacitor and two inductors has been proposed in [21] to
maximize rejection by generating finite transmission zeros at the in-
dependent sides. However, the mentioned works are not sufficient
mainly when the physical aspect is accounted for, consequently, the
gate of contribution for integrated UWB filters remains open and a great
challenge still launched to filter designers.

In this work, we consider designing miniaturised integrated UWB
bandpass filters that fulfil UWB requirements while owning minimum
number of elements in their electrical circuit. We focus on synthesizing

an efficient and compact electrical equivalent circuit with minimum
number of inductors. In fact, minimizing the number of inductors is a
major issue in IPD implementation because it enables reducing the si-
licon area as well as the parasitic that affect the filter performance.

In the following section, a large comparison between widely-used
filtering functions was performed to select the most suitable for UWB
out-of-band interference cancellation. Then, in Section 3, the zigzag
technique was applied to the retained filters aiming to minimize the
number of their inductors. In Sections 4 and 5, the obtained circuits
were implemented in 0.18-µm CMOS technology by carrying out their
layouts. Post-layout simulations demonstrated their good performance
through well satisfying UWB requirements while achieving minia-
turised sizes. Finally, in Section 6, the issue of in-band interference was
addressed by rejecting Wireless Local Area Network (WLAN) signals.

2. Design of filter electrical circuit

Various filtering functions can be used in UWB BPF design like
Bessel, Butterworth, ChebyshevI, ChebyshevII (or inverse Chebyshev),
Legendre, Elliptic, and Hourglass. Such filters can be grouped into two
categories [22]: all-pole filters and zero-pole filters. The first deals with
an electric circuit prototype formed by LC ladder networks while the
second holds a circuit composed of LC resonators.

Based on the above filtering functions, different UWB BPFs were
designed with different orders N and passband ripple rates Ap, fol-
lowing the procedures detailed in [22] and [23] (Table 1). For clarity,
the number after the name of the filter refers to its order N. Note that
we denoted the Nth order ChebyshevI filter with Ap=0.25 dB as Che-
byshevI-N’ to differentiate it from the same filter with 0.1 dB ripple
(i.e., ChebyshevI-N).

The designed filters were simulated and a large comparison was
carried out as summarised in Tables 2 and 3, respectively, for all-pole

Table 1
Designed UWB BPFs.

Filter denomination Filter order N Passband ripple Ap

Bessel-6 6 /
Butterworth-6 6 /
Legendre-4 4 /
Legendre-5 5 /
Legendre-6 6 /
ChebyshevI-3 3 0.1 dB
ChebyshevI-4 4 0.1 dB
ChebyshevI-5 5 0.1 dB
ChebyshevI-6 6 0.1 dB
ChebyshevI-3′ 3 0.25 dB
ChebyshevI-4′ 4 0.25 dB
ChebyshevI-5′ 5 0.25 dB
ChebyshevI-6′ 6 0.25 dB
Elliptic-3 3 /
Elliptic-4 4 /
Elliptic-5 5 /
Hourglass-3 3 /
Hourglass-4 4 /
Hourglass-5 5 /
ChebyshevII-3 3 /
ChebyshevII-4 4 /
ChebyshevII-5 5 /

Table 2
All-pole Filters Performance. (− −): Very Poor, (−): Poor, (o): Acceptable, (+): Good,
(++): Excellent [24].

Filters BW SL SF FL S11

Bessel-6 ++ − − − − + +
Butterworth-6 ++ − − − − ++ +
Legendre-4 + o − ++ +
Legendre-5 + o − ++ +
Legendre-6 + o o ++ +
ChebyshevI-3 − − − + +
ChebyshevI-4 + − − + ++
ChebyshevI-5 − o − + ++
ChebyshevI-6 o o o + ++
ChebyshevI-3′ − − − o ++
ChebyshevI-4′ o – − o ++
ChebyshevI-5′ + o o o ++
ChebyshevI-6′ + o o o ++

Table 3
Zero-pole Filters Performance. (− −): Very Poor, (−): Poor, (o): Acceptable, (+): Good,
(++): Excellent [24].

BW SL SF FL S11

Elliptic-3 − + − − +
Elliptic-4 + + o o +
Elliptic-5 + ++ ++ o +
Hourglass-3 o + − ++ +
Hourglass-4 ++ + o ++ +
Hourglass-5 ++ + + ++ +
ChebyshevII-3 o o − − + +
ChebyshevII-4 o o − − + +
ChebyshevII-5 ++ + − + +

Fig. 1. Equivalent electrical circuit for both retained filters (#1 and #2).

Table 4
Normalized elements values of retained filters.

g1 g2 g3 ′g3 g4

Hourglass-4 0.1669 0.2146 0.1226 0.1366 0.8890
ChebyshevII-4 0.6755 1.410 0.5349 1.022 0.2877

Fig. 2. Electrical circuit after minimizing the number of inductors using the zigzag
technique (Filters #1 and #2).
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