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Fabrication of Multimode Interference Devices Based on
Ge-doped Silica-on-silicon Waveguides by HC-PECVD and RIE

G.-D. Peng and Z. Jin

The University of New South Wales, Australia

Multimode interference devices based on Ge-doped silica-on-silicon waveguides are fabricated by HC-PECVD
and RIE. The thin film deposition and etching process are optimized to achieve good optical devices. Silica layer
particle control is studied for the thin film deposition. It is found that the preheating time is related to silica
layer particle distribution. Using photoresist as masks for RIE simplifies the process. The waveguide shape
profile is optimized by different RIE parameters. The optimal process balances the waveguide shape, surface
smoothness, and etching rate. Good performance multimode interference devices have been realized.



Progress In Electromagnetics Research Symposium 2006, Cambridge, USA, March 26-29 251

On the Spatial Characterstics of Cellular Mobile Channel in Low
Antenna-height Environments

N. M. Khan, M. T. Simsim, R. Ramer, and P. B. Rapajic
The University of New South Wales, Australia

Figure 1: Physical channel model.

In order to exploit the spatial dimens ion efficiently,
reliable channel models are required which can lead to
the design of effective signal processing schemes. Phys-
ical channel models are the continu- ing efforts in this
regard. Several approaches have been suggested for the
distribution of scatterers. The two most common distri-
butions are the uniform [1] and Gaussian [2, 3]. The lat-
ter has been identified as more practical in the literature.
Gaussian Scatterer Density Model (GSDM) [2] proposes
Gaussian Distributed Scatterers clustered around mobile
station (MS). Since, in low antenna-height indoor envi-
ronments, scatterers also exist in the vicinity of base station(BS). So a more generalized scattering model is
needed for such environments.

In this paper, we use the generalized Eccentro-Scattering physical channel model proposed in [3] to derive the
probability density function (pdf) of the Angle of Arrival (AoA) of the multipath signals at BS from Gaussian
distributed scattering regions around MS and BS for indoor environments.

We assume Gaussian distributed scatterers to be confined in an elliptical shaped scattering disc (see Fig. 1)
whose eccentricity can be altered according to the maximum delay and the distance between MS and BS. A
Gaussian model of the spatial pdf of scatterers around MS and BS can be written as,

pRBS ,Θ(rBS , θ) =
‖ rBS ‖
2πσ2
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where σMS and σBS are the standard deviations of the distributions of scatterers around MS and BS, and θ is
the AoA of the multipaths at BS from the scatterer S. All other parameters are explained in Fig. 1. From (1),
(2) and Fig. 1, the final closed-form expression for the pdf of AoA can be written as
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where Ω is the normalizing constant. Eq. (3) is helpful in finding correlation statistics of the channel.
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Investigating the Standard Deviation of the Distribution of
Scatterers in Cellular Environments

M. T. Simsim, N. M. Khan, R. Ramer, and P. B. Rapajic
University of New South Wales, Australia

Physical and statistical properties of the scatterers existing between transmitter and receiver have to be
studied in order to design reliable channel models. Wireless signal propagation changes in different environ-
ments according to scatterers’ density. It is reasonable to assume that the majority of scatterers are located
closer to mobile station (MS) and the density of scattering points decreases as the distance from MS increases
[1, 2]. Gaussian, Laplacian, exponential, and hyperbolic distributed scatterers are examples of scattering models
employing this principle of tapering-off of scatterers. For instance, Gaussian Scatter Density Model (GSDM)
[1, 3] assumes Gaussian (normal) distribution for the scattering points around MS. Thus, the value of standard
deviation of the distribution of scatterers, σ, plays an important role in determining the width of the scattering
region and, hence, in applying the model to a specific environment.

If the density of scattering points decays sharply as the distance from MS increases, then the probability
density function (pdf) of Angle of Arrival (AoA) of the multipath signal at BS will have rapidly decaying tails.
Thus, the model accounts only for scatterers in the close vicinity to MS, which will have the major effect on the
received signal at BS. On the other hand, if the density of scattering points decays slowly as the distance from
MS increases, then the pdf of AoA of the multipath signal at BS will have heavy tails. In this case, the model
accounts also for farther scatterers from MS, which have considerable effect on the received signal at BS.

A general rule of thumb was proposed in [1] for the first order approximation of the standard deviation based
on experimental data. It was assumed that the stronger multipath echoes that arrive at BS shortly after Line
of Sight (LoS) signal are due to scattering points close to MS while multipath echoes with larger delay values
are due to scattering points farther from MS. The study in [3] found that the pdf of AoA depends on a single
parameter which represents the ratio of the distance between BS and MS, D, and the standard deviation of
the distribution of Gaussian distributed scatterers around MS, σ. Recently, a model for NLoS propagation in
street-guided environment has been reported in [2], where it was found that σ = 1/6× street width is the best
value for the standard deviation to fit field measurements of Power Azimuthal Spectrum (PAS). In [4], the value
of standard deviation was related to cross correlation of the fading between antenna elements spaced by distance

d, ρ(d), and the wavelength of the carrier frequency, λ, as, σ =
√

λ2ln(ρ(d))
−4πd2 . Here, several techniques are studied

for predicting accurate values for the standard deviation of the distribution of scatterers. We examine several
measurement campaigns for different cellular environments in order to deduce information about the actual
distribution of scatterers in these environments.
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Abstract—The vector field bifurcation approach and its numerical implementation for the rigorous mathemat-
ical simulation of nonlinear phenomena in microwave and mm-wave ferrite or composite semiconductor/ferrite
devices are developed. The bifurcation points of nonlinear Maxwell’s operator for the three-dimensional bound-
ary problems, stated and solved rigorously (i. e., considering the full Maxwell’s equations together with the
nonlinear equations of motion for magnetization in ferrites and transport carriers in semiconductors) are ana-
lyzed using numerical methods. The electromagnetic field is represented as decomposed into a series of weakly
nonlinear wave fields. The solutions of a linearized Maxwell’s operator matrix equation are determined. The
propagation constants of weakly nonlinear waves in waveguiding structures (WGS) or eigenfrequencies of weakly
nonlinear oscillations in resonator structures (RS) are found. Using the bifurcation dynamics of Maxwell’s equa-
tions the nonlinear wave interactions in the strongly nonlinear planar ferrite insert, loaded into strip-slot RS,
are analyzed (from the harmonic frequency terms at the ‘soft’ non-linear stage into the region of ‘hard’ non-
linearity). The nonlinear propagation of electromagnetic waves in the strip-slot ferrite RS are modeled. The
nonlinear wave phenomena, including the parametric excitation of oscillations and the wave instability process
are investigated taking into account constrained geometry WGS and RS.

1. Introduction
The research of bifurcations in nonlinear dynamical systems with distributed parameters, described by non-

linear differential equations in partial derivatives, involves serious mathematical difficulties. As for distributed
systems a characteristic determinant is an analogue of frequency characteristics, that’s why it is possible to
analyze distributed self-sustained oscillation systems using the linearization method combined with the charac-
teristic determinant analysis (at first it was shown in [1] for the one-dimensional case). Hitherto the bifurcation
analysis was used to investigate nonlinear dynamical systems with lumped parameters, described by nonlinear
ordinary differential equations (ODEs). When the ordinary differential equation is of second order a qualitative
analysis is possible on the two-dimensional phase surface [2]. The linearization method in combination with the
frequency-domain analysis is used for the analysis of self-sustained oscillating systems and automatic control
systems [2]. Determining the solutions of nonlinear differential equations in fixed points using numerical compu-
tation is a very complicated problem even for ODEs, because at the branching points qualitative modifications
of solutions can happen due to variation of parameters.

The behavior caused by the instability of waves and oscillations in nonlinear or parametric systems, con-
taining nonlinear magnetic or semiconductor media, is complex [3]. The physical theories of the instability of
magnetostatic or spin waves were developed using the approximate analysis of the equation of motion of the
magnetization vector in ferromagnet for one-dimensional structures only [4, 5]. The analysis of the transition re-
gion from the stable regime to the onset of labile oscillating mode caused the instability is the most complicated
problem. This analysis can only be based on the solutions of full nonlinear Maxwell’s equations, complemented
by the nonlinear equations of motion of the magnetization vector in a ferromagnet [3]. The goal of this pa-
per is to develop a new approach based on the bifurcation theory [6, 7] for accurate electromagnetic modeling
of nonlinear wave phenomena in gyromagnetic or semiconductor waves in waveguiding structures (WGS) or
resonator structures (RS) using a numerical approach for the analysis of the linearized matrix equation and
bifurcation points of the nonlinear Maxwell’s operator. It opens up new prospects of bifurcation analysis and
rigorous mathematical modeling of strongly nonlinear electrodynamical systems using the bifurcation dynamics
of Maxwell’s equations.

2. The Numerical Method of Linearization of Nonlinear Maxwell’s Operator in Combi-
nation with the Analysis of the Characteristic Determinant

The numerical method to determine the propagation constants of weakly nonlinear waves in WGS (or eigen-
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frequencies of weakly nonlinear oscillations in RS) loaded with strongly nonlinear gyromagnetic or semiconductor
boundary media consists in the following.

The three-dimensional boundary problems, stated rigorously (i. e., considering the full Maxwell’s equations
with the nonlinear equation of motion for magnetization in ferrites or the equation of transport carriers in
semiconductors, with boundary conditions following from conditions of non-asymptotic radiation) was reduced
to the boundary problem for a system of nonlinear DEs together with the system of the nonlinear algebraic
equations using the cross-sections method in [8, 9].

The system of nonlinear DEs together with the system of nonlinear algebraic equations [8, 9] is represented
in a symbolic form, as:

dyi

dz
= Fi(y1, y2, . . . , yn), Ψj(y1, y2, . . . , yn) = 0, (1)

where i = 1, 2, . . . , m; j = m + 1,m + 2, . . . , n; yi = yi(z) are unknown functions of the longitudinal coordinate
z compiled on the functions at

n(ωm), bt
n(ωm), az

n(ωm), bz
n(ωm), given in references [8, 9].

Let yi = 0 (i = 1, 2, . . . , n) be the solution of the system (1), satisfying the boundary conditions as given
in reference [8, 9]. Then the functions Fi and Ψj (i = 1, 2, . . . ,m; j = m + 1,m + 2, . . . , n) identically vanish,
consequently, the solution yi = 0 (i = 1, 2, . . . , n) of the system (1) is fixed (stationary) relative to the coordinate
variable z.

As the first approximation, reduce the system of nonlinear differential equations (1) to a system of linear
differential equations. For this purpose it is necessary to represent functions Fi and Ψj by their generalized
Taylor’s series in the neighborhood of fixed (stationary) points xi = 0, and to take into account the first order
partial derivatives. This procedure results a system of linear differential equations:

dyi

dz
=

n∑

K=1

∂Fi(0, 0, . . . , 0)
∂yK

· yK ,

n∑

K=1

∂Ψj(0, 0, . . . , 0)
∂yK

· yK = 0, (2)

where i = 1, 2, . . . , m; j = m + 1, m + 2, . . . , n.
Let us represent the system of differential equations (2) in expanded form:





a11(z) · y1 + a12(z) · y2 + . . . + a1n(z) · yn = y′1,
a21(z) · y1 + a22(z) · y2 + . . . + a2n(z) · yn = y′2,
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
am1(z) · y1 + am2(z) · y2 + . . . + amn(z) · yn = y′m,
am+1,1(z) · y1 + am+1,2(z) · y2 + . . . + am+1,n(z) · yn = 0,
am+2,1(z) · y1 + am+2,2(z) · y2 + . . . + am+2,n(z) · yn = 0,
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
an1(z) · y1 + an2(z) · y2 + . . . + ann(z) · yn = 0,

(3)

where the coefficients aij(z) (i, j = 1, 2, . . . , n) compiled on the partial derivatives from (2). The system of
equations (3) can be represented in matrix form as:

A · y =
dy

dz
(4)

where y is the vector with components y1, y2, . . . , ym;
dy

dz
is the vector with components y′1, y

′
2, . . . , y

′
m;

A = A11 −A12 ·A−1
22 ·A21,

A11 =




a11 a12 . . . a1m

a21 a22 . . . a2m

· · · ·
am1 am2 . . . amm


 , A12 =




a1m+1 a1m+2 . . . a1n

a2m+1 a2m+2 . . . a2n

· · · ·
am,m+1 am,m+2 . . . amn


 ,

A21 =




am+1,1 am+1,2 . . . am+1,m

am+2,1 am+2,2 . . . am+2,m

· · · ·
an1 an2 . . . anm


 , A22 =




am+1,m+1 am+1,m+2 . . . am+1,n

am+2,m+1 am+2,m+2 . . . am+2,n

· · · ·
an1 an2 . . . ann


 ,
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We find the partial solutions of the system of equation (4) in the form:

y = α · eλ·z , (5)

where α is the vector with components α1, α2, . . . , αm. Substituting (5) into (4), we obtain the following
eigenvalue matrix equation:

A · α = λ · α , (6)

where λ and α are correspondingly the eigenvalues and eigenvectors of matrix A. Using a numerical method
(for example, the QR-algorithm) to solve the matrix equation (6) the eigenvalues λm and eigenvectors α of A
can be determined.

The solutions (5) of the linearized Maxwell’s operator (6) are treated as weakly nonlinear waves. The
electromagnetic field in WGS is decomposed into a series of weakly nonlinear wave fields. The eigenvalues λm

of matrix A are the propagation constants of the weakly nonlinear waves in WGS (or the eigenfrequencies of
weakly nonlinear oscillations in RS). The components of the eigenvectors α of matrix A are the transverse and
longitudinal components of weakly nonlinear waves .

The computational algorithm, using the linearization of nonlinear Maxwell’s operator and the decomposition
into a series of weakly nonlinear wave fields, is more complex than those for the propagation constants and fields
of eigenwaves of WGS, filled with a linear medium. But the convergence of this algorithm and its stability for
rounding errors is better. It permits to solve the threedimensional diffraction boundary problems for WGS or
RS loaded with strongly nonlinear gyromagnetic or semiconductor insertions having sizes comparable to the
wavelength. This is important for CAD of prospective ferrite or composite semiconductor/ferrite devices at
microwave or mm-waves.

3. Numerical Simulation of the Parametric Excitation of Oscillations in Nonlinear Gy-
romagnetic Structure Using Bifurcation Points

The rigorous mathematical modeling of parametric oscillations in strip-slot RS loaded with a planar magne-
tized ferrite (Fig. 1) is based on solving the nonlinear diffraction boundary problem by the crosssections method
of [8], using the decomposition algorithm on nonlinear autonomous blocks [10].

For the computational algorithm the transverse and longitudinal components of weakly nonlinear waves
are used. It results a stable and computationally efficient algorithm for computing the instability of waves or
oscillations in WGS or RS containing strongly nonlinear gyromagnetic media.

There are two incident electromagnetic waves: the signal wave of frequency ω1 and the pumping wave of
frequency ω2 are incident on the input cross-sections S1 of RS (Fig. 1). The waves are the fundamental and
higher-order modes of strip-slot WGS, having magnitudes C+

n(α)(ω1) and/or C+
n(α)(ω2), where α is the index of

the cross-sections, n are the indices of eigenwaves of strip-slot WGS [8, 9].

Figure 1: Resonator structure with nonlinear ferrite insert: 1, 2, 3, 4—coupled strips of strip-slot WGS; 5— strip-
slot resonator; 6—planar magnetized ferrite insert (ε = 9,H0 = 278A/mm; M0/µ0 = 160 A/mm; ωr = 3∗109 Hz;
β = 45◦); 7—dielectric substrate (ε = 9; µ = 1); 8—point of field observation; f1 = 5 Hz, f2 = 10 GHz; all sizes
are in mm.

The instability of parametric excitation process of oscillations in ferrite RS depending on the bifurcation
parameters is simulated using the numerical method of bifurcation points analysis, developed by us [11]. The
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results of computing of the instability regions for parametric excitation of oscillations in ferrite RS by the inci-
dent pumping wave, depending on the magnitude C+

2(1)(ω2) and the normalized frequency (the signal frequency
ω1 with respect to the pumping frequency ω2) are shown in Fig. 2. The onset and the breakdown of parametric
oscillations caused the wave instability in nonlinear ferrite structure in the neighborhood of bifurcation param-
eters were simulated into the region of ‘hard’ nonlinearity taking into account constrained geometries RS, and
it is represented in Fig. 2.

It follows from the results of the mathematical modeling that the unstable regions for parametric excitation
of oscillations in ferrite RS are near the values of the eigenfrequencies of fundamental and higher-order modes
of oscillations of the strip-slot line resonator: ω1 = mω2/2, m = 1, 2, 3, . . . The threshold magnitude C+

2(1)(ω2)
is rising steeply as m increases. The minimum threshold of C+

2(1)(ω2) is given by ω1 = ω2/2.

Figure 2: Instability regions for parametric excitation of oscillations in nonlinear ferrite RS, depending on
bifurcation parameters: C+

2(1)(ω2)—magnitude of incident pumping wave; ω1—eigenfrequency of fundamental
modes of oscillations the strip-slot line resonator (length of the resonator = half-wave for signal wave at f1 =
5GHz); ω2 —frequency of pumping wave.

4. Conclusion
Using the achievements of modern mathematics in the area of vector field bifurcation theory opens new

possibilities for computer analysis of the onset of nonlinear waves in WGS with bounded gyromagnetic media
having a strong nonlinearity. This approach has a high likelihood of success in investigating nonlinear phenom-
ena in new microwave/millimeter-wave ferrite devices [12] for frequency multiplexing/filtering, limiters, noise
rejectors, signal-noise ratio enhancers, and pulse compressing devices.
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A new, compact, narrow band, low loss, dual-mode cross-slotted filter is proposed and developed. The
compactness and improved filter characteristics of this square filter makes it suitable for mobile and satellite
communications. The dual-mode filter consists of simple star-type geometry slot lines crossing a square patch.
Two additional fringe slots are also introduced on each side of the square patch. The external coupling is
capacitive and was achieved through external lines, which are placed at a right angle. The conventional square
patch dual-mode filters offer simple design and good power handling capability, however they require larger size
than the dual-mode loop filters for the same frequency band. The novelty of this proposed structure consists
in significant size-reduction and the ability to control the central frequency and the bandwidth; our proposed
dual-mode filter is 37% smaller than a conventional patch dual-mode filter for the same frequency band. The
filter was simulated using Sonnet Software, both lossless and lossy cases being considered, and was fabricated
on a Rogers?substrate with a dielectric constant of 10.8. The star-type geometry dual-mode filter presents two
transmission zeros on each side of the pass-band, and improved filter characteristics over the conventional ones.
The perturbation was introduced using a difference between the lengths of the diagonal slots. It is found that
the resonant frequency of the filter with 1% fractional bandwidth could be shifted down to below 900 MHz, for
the use in the mobile and satellite communications.
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Near-field Scatterers and Mutual Coupling in Multi-antenna
Systems

S. Krusevac and R. A. Kennedy
Australian National University and National ICT, Australian

P. B. Rapajic
University of Greenwich, UK

Communication systems use antenna arrays to increase the communication capacity by exploiting the spatial
properties of the multi-path channel. Providing high capacity requires independence of the channel matrix
coefficients, a condition generally achieved with wide antenna element spacing. For many subscriber units, such
separations are unrealistic, and the resulting antenna mutual coupling can impact the communication system
performance. The prior studies have presented important findings concerning the effect of mutual coupling on
spatial correlation in closely spaced antenna arrays. But, they often disagree in terms of whether mutual coupling
is advantageous or disadvantageous. In the multi-antenna systems, the mutual coupling is due to antenna
element separation, geometry of array and antenna elements, frequency, substrate thickness and constant and
near field scatterers-NFS. All these parameters are known for a given array, except near field scatterers. In
order to get better insight into the mutual coupling effects in the multi-antenna system, we include the near-
field scatterers in theoretical investigation. The occurrence of NFS can not be controlled, they appear randomly.
Thus we investigate impact of NFS on the spatial correlation for different distribution functions of near-field
scatterers. In addition, the modal analysis approach is presented in order to obtain closed-form expressions for
the spatial correlation function for narrow-band signals for a wide variety of scattering distribution functions. We
investigate spatial correlation in the multi-antenna system for different NFS distribution in the close vicinity of
receive antenna arrays. Relatively close NFS can cause array blindness, but at the same time they can perturb
antenna pattern to result in lower spatial correlation level. The scatterers relatively far from antenna array
can behave like multi-path scattering object and increase the environment richness. Our simulation results
confirm that near field scatterers increase the mutual coupling between the antenna elements. Hence, they act
as decreasing factor on spatial correlation for rich far-field scatterers environments. While, for poor scattering
environment they act as increasing factor on spatial correlations.
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Current-induced Bistability and Dynamic Range of Microwave
Generation in Magnetic Nano-structures

A. N. Slavin and V. S. Tiberkevich
Oakland University, USA

We give a simple picture of magnetization dynamics in magnetic multi-layers under the action of spin-
polarized current. Based on the idea that the main effect of the current I is the creation of negative damping
GI = − sI, we explained both the current-induced bistability and microwave generation in a finite range of
currents. In the absence of current the magnetization vector in a “free” layer of a magnetic layered structure
has at least two equilibrium orientations: one stable (“bottom” state), corresponding to the minimum of the
magnetic energy and one unstable (“top” state), corresponding to the maximum of the energy. Since the
effective damping created by spin-polarized current is negative, at a certain critical current Ic = G/s the total
effective damping Gtot = G + GI, where G is the natural positive damping, could become negative not
only for the “bottom” state of magnetization orientation, but also for the “top” state. When that happens the
“bottom” (initially stable) state loses itsstability, while the “top” (initially unstable) state, in contrast, becomes
stable. The change of stability for each state happens, in general, at the different values of current. The
“bottom” state becomes unstable at Ic = Imin, thus allowing precession of magnetization with microwave
frequency, while the “top” state becomes stable at Ic = Imax, thus stopping any magnetization precession.
If Imin < Imax there exists a finite range Imin < I < Imax of currents in which the system demonstrates
microwave oscillations of magnetization. In the opposite case Imin > Imax the precessional dynamics could
not exist at all, and with the current variation in the interval Imin < I < Imax the system becomes bistable,
i. e., it switches between two stable states corresponding to the minimum and maximum of the magnetic energy.
We derived simple analytical expressions for both threshold currents Imin and Imax and compared our results
with available experimental data.
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Nonlinear Self-phase-locking in an Array of Current-driven
Magnetic Nano-contacts

A. N. Slavin and V. S. Tiberkevich
Oakland University, USA

Recently it was shown that spin-polarized current passing through a thin magnetic layer can excite microwave
magnetization precession in this layer. It was also demonstrated experimentally that the frequency of microwave
generation in a current-driven magnetic nano-contact can be phase-locked to the frequency of a small external
sinusoidalcurrent added to the constant bias current. In this work we theoretically investigate the possibility of
self-phase-locking of an array of magnetic nano-contacts by self-induced dipolar magnetic field. First, we consider
an isolated nano-contact driven by a constant bias current and determine the conditions of its phase-locking to
the frequency of a small external microwave signal, which can be created either by microwave magnetic field or
by microwave modulation of the bias current. We show that, in contrast with the case of a usual microwave
oscillator, the mechanism of phase-locking in a nano-contact is strongly nonlinear: due to the strong dependence
of the precession frequency on the precession amplitude even small changes in the oscillation amplitude can
result in matching of the generated frequency to the frequency of the external signal. This nonlinear frequency
matching mechanism leads to a significant increase in the frequency bandwidth of phase-locking D (up to ∼
300MHz). Bandwidth D has a non-trivial dependence on the magnetization angle, showing a well-pronounced
minimum for the magnetization angle at which the coefficient of the nonlinear frequency shift is zero. We used
the results obtained for an isolated nano-contact to determine the conditions for self-phase-locking of an array of
nano-contacts, and found that the self-phase-locking in an array is practically possible when the distance between
individual contacts is ∼ 10 times larger than the nano-contact radius even if the inhomogeneous distribution of
the frequencies generated by individual nano-contacts is as large as 10%.
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Adaptive Turbo Multiuser Decision Feedback Detection for
DS-CDMA on Unknown Multi-path Channels

V. D. Trajkovic1, P. B. Rapajic2, and R. A. Kennedy1

1National ICT Australia, Australia
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In this paper we propose an adaptive turbo multiuser detection (MUD) on unknown multi-path channels.
The analyzed multi-user scheme is Successive Decision Feedback Detector (S-DFD), which means that users are
detected on one-by-one basis and they are cancelled successively by use of decision feedback. An adaptive LMS
algorithm is used to estimate MUD coefficients. Binary Phase Shift Keying (BPSK) in combination with Direct
Sequence Code Division Multiple Access (DS-CDMA) is analyzed, which means that information is first coded
using convolutional encoder, and then modulated and spread using randomly chosen spreading sequences for
each user.

Our analysis shows that the adaptive realization employing the LMS adaptive algorithm, out- performs (in
terms of Bit Error rate (BER)) the conventional detection that combines a standard Minimum Mean Square
Error (MMSE) solution and decoding concatenated in a turbo scheme. A standard solution means that the
MUD coefficients are obtained applying the MMSE criterion and assuming perfect knowledge about the received
spreading sequences after multi-path propagation and perfect decision feedback.

The reason behind this is that during the Turbo detection process the assumption about perfect decision
feedback becomes highly unreliable that must be taken into account while determining S-DFD coefficients.
Decision feedback error propagation becomes particularly severe at low Signal-to Noise Ratio (SNR) or highly
loaded, heavy interference systems when number of users exceeds the spreading gain. On the other hand, the
adaptive LMS detection does not assume the perfect decision feedback while adjusting the filter coefficients
and it always set the coefficients providing that the output error is orthogonal on the received sequence. This
means that it automatically takes into account the feedback error propagation providing an unbiased MMSE
solution that does not assume perfect feedback and, consequently, deliver better BER results. In addition to
better BER performance, another advantage of the adaptive detection is that it does not require knowledge
about system parameters, such as spreading sequences, multi-path channels etc, but the MUD parameters are
estimated during the training process.

In our work, we analyze various multi-user scenarios. This includes unsaturated systems, where number of
users K is smaller than the spreading gain N (ρ = K/N < 1) and overloaded case, i.e., the number of users K
is larger than the spreading gain (ρ > 1). We also analyze single- and multi-cell cases. In single cell situation,
all users are assumed to be within one cell and during the multiuser detection process multi-user turbo detector
detects all signals, one-by-one, in a turbo-like process. However, in a multi-cell scenario, there is a certain
number of users located outside the cell of interest that cannot be detected and, consequently, they represent
unknown interferers whose influence may significantly degrade the performance of the analyzed turbo MUD.
Our simulation results show that the adaptive turbo MUD always exhibits better or at least identical BER
performance relative to the conventional MMSE turbo MUD. We show that SNR gain grows with the increasing
number of users within the system and the most remarkable improvement is obtained for the overloaded case.
For this particular scenario, the conventional MMSE turbo MUD cannot perform detection properly, while the
adaptive detector still achieves relatively good BER performance.
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A Novel Approach for Tunable Filters

R. R. Mansour and R. Zhang
University of Waterloo, Canada

The paper presents a new concept to implement tunable lowpass filters by employing slot resonators etched
in the ground plane. The tunability is achieved with the use of switches to change the effective length of the
slots on the ground. A tuning range of more than 60% has been obtained. The concept is attractive since
the Q of the switching elements play a little role in determining the insertion loss of the filter. The structure
is useful where the emphasis is on out-of-band interference suppression. The validity of the proposed concept
is demonstrated by considering 4-slots and 10-slots lowpass filters. RF MEMS switches are integrated on the
ground plane to short circuit the slots. The simulated and measured results of the tunable filters exhibit an
excellent agreement with a remarkable insertion loss and tuning range performance.
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