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Overview.

A Résumé of BTS Filter Technology.

i Complementary role for electromagnetic analysis in
filter synthesis/optimisation

I Rationale for compact triple mode.

A Development of basic filter response.
I Broadband analysis/Model Order Reduction (MOR).
I Elgenmode searches.
I Performance analysis and tuning.

A Realisation.
A Discussion and Conclusions.



Requirements for EM-analysis.

Require:
I Fast and efficient
calculations.
I Equally valid in time
and frequency domain.
I Properly represent the
topology and geometry

o f Maxwel | 6s
equations.

CST:

Inbuild AR filtering In
D, MOR.

Leap-frog algorithm,
dual grid.

Finite integration
technique (FIT)and

perfect boundary
approximation (PBA).



To o

BTS Filter Technology.

Standard filter technology is multi-conductor coaxial (combline), with
some contribution from ceramics.

Next generation BTS filtering for advanced 3G and early 4G
systems demand volume and weight reductions.
Need to produce filter technologies which are:
i Smaller and lower cost.
i Similar or better Q than combiline.
I Superior Q/Vol.
Single vs. multimode technologies.

Expect several new technologies to become available:
i Single Mode.

I Dual Mode.

i Triple Mode.



Cavity Filter Technologies.

1. Multi-conductor coaxial / combline.
2. Dielectric combline.
3. Dual mode ceramic (metallised).



S-Plane Synthesis.

A Generalised Chebyshev approximation

A Symmetrical network analysis

I Form the transmission coefficient, S,4, in terms of even- and odd-mode
admittances

A For a stable system, LHP poles of S,, are extracted using the alternating-
pole technique

I Form even- and odd-mode admittances, Y. and Y, , from the polynomial
comprising the LHP poles

i Form ABCD matrix from Y, and Y,
A Extract the circuit element from the ABCD matrix

I Finite frequency transmission zero is extracted in the form of a phase
shifter, a shunt inductor in series with frequency invariant reactance
followed by another phase shifter

A Transform the synthesized network into a cross-coupled network



Coupling Paths and Alignment.

resonators,
3 Cross
couplings

Store reflected
phase across
passband and into
stopband.

Tune coupling and
resonant
frequency of each
resonator to
approximate error
over stored band.
Finite
Transmission
Zeros.



Dielectric Resonators.

A Standard definition:

I an unmetallized piece of dielectric which functions as a resonant
cavity by means of reflections at the air-dielectric interface.

A High permittivity, low loss microwave ceramic materials.

A Single mode technologies:
I Compact TEy,;
i Ceramic combline.
i Ceramic waveguide.

A Dual and triple mode technologies:
I Dualmode: HE
I Dual and triple mode: TEq;
I Triple mode: TEq;5 & HE 45

A Metallization.



The Spherical TE,,; Resonator

A First spuris TMy,

A Introduce central
A Open to 30% of s

nole

nhere diameter

A Upwards frequency shift bounded below
1%, with maximum SPFF of 1.42. Implies
21% Increase In spur free BW cf solid DR.

A Hollow spheres, not mechanically sound.

A Circulation of E with orthogonally varying
H of TE,,; v.similar to cubic structure.



Triple Mode DR T Dielectric Sphere.

Sphere,r =12.4mm,g, =45, 60mm | Hollow,
cube d/d_=0.3
Mode Calc. AKS JDM JDM
Meshing 40 lines X
No A-refinement in initial conditions
Triplet 1.8485 1.8326 1.8326 1.8401
1.8327 1.8327 1.8401
1.8337 1.8339 1.8414
1st spur 2.5256 2.4711 2.4711 2.5965
SPFF 1.366 1.3410 1.3481 1.4107




The TE,,; Resonator

A TEg;5, HEMyy5, HEM, 45,
TMy; T depends on
dimensions and ¢.

A When ¢<1, the TEq;;
dominates as the lowest
order resonance.

A When £>1, the HEM;
dominates as the lowest
order resonance.

A The g indicates less than
half a sine wave variation
along the direction of
propagation.

A For ¢>35 approx. 95% of

the stored electrical
energy of the TEq; -
mode is confined within
the resonator. The
corresponding figure for
the magnetic energy is
60%.

A The remaining EM energy

IS distributed through the
air in the neighbourhood
of the dielectric surface,
and rapidly decays with
distance.
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The TE,,; Resonator

Optimisation of £, £~0.4.

Introduction of central hole
perturbs E, shifts resonance
and spurs having similar E-
variation to higher frequencies.

In fact any mode having its E-
field concentrated near the
axial line will be affected.

The central hole can be
opened up to 35% without
significantly affecting the
frequency.

A Effect of supporting structure.

I Typically alumina, 9.5T 9.9.
i Polystyrene, 2.2.

A Support has non trivial effect

on TM T can become first spur.

I The downward frequency shift
IS due to its E field lying
almost entirely on the outside
flat surface of the dielectric.

I Sensitive to metal tuning
discs.

I Possible strong coupling to
inter-cavity irises.

A Multi-criteria optimisation, but

constrained by synthesis
requirement.



Compact TE,;.

A Application:
I Full band filter.
i HighQ,.

A Advantages:

I Better SPFF than HE 5
dual.

I Small cavity and single
mode = flexible layout.

A Disadvantage:

i Low Q. /Vol=310cm-3.

I Minimum cavity size is
Diam 35 mm x 25 mm
deep = height is a limiting
factor for some
applications.

= Mode 1 —— —
= 3.75422e+00? V/i—__

m
row = 3.18873e+007 V/m



Eigenvalue Search.

Modes Solver error

Mode Freq 2-norm dive

1 2.016996 1.50E009 | 9.45E014
TEqgss

2 2.023274 1.61E008 | 5.34E013
HEM 5

3 2.026902 | 5.8£007 | 2.66E13

HEM 5

4 2.628370 | 2.59E008 | 3.50E12

15tspur

SPFF 1.269743 | JDM solver, 25 lines per
ratio wavelength.
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Chamfered Rectangular DR.

Mode 1: TEy,; , e-field Mode 3: HE,4; , e-field

Mode 2: HE,;; , h-field.

-
Mode 1: TE ;5

Mode 2: HE ; > triple
Mode 3: HE,, | dual

Chamfer 6mm, cavity width 35.3mm



