UNIVERSITY OF LEEDS

This is a repository copy of Transversal directional filters for channel combining.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/101440/

Version: Accepted Version

Proceedings Paper:

Hunter, IC orcid.org/0000-0002-4246-6971, Musonda, E, Parry, R et al. (2 more authors)
(2013) Transversal directional filters for channel combining. In: Microwave Symposium
Digest (IMS), 2013 IEEE MTT-S International. International Microwave Symposium 2013,
02-07 Jun 2013, Seattle, WA, USA. Institute of Electrical and Electronics Engineers , pp.
1-4. ISBN 978-1-4673-6177-4

https://doi.org/10.1109/MWSYM.2013.6697427

© 2013 IEEE. Personal use of this material is permitted. Permission from IEEE must be
obtained for all other uses, in any current or future media, including reprinting/republishing
this material for advertising or promotional purposes, creating new collective works, for
resale or redistribution to servers or lists, or reuse of any copyrighted component of this
work in other works.

Reuse

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

UNIVERSITY OF LEEDS

This is an author produced version of Transversal directional filters for channel combining.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/83124/

Article:

Hunter, IC, Musonda, E, Parry, R, Guess, M, Sleigh, P, Gostling, M and Meng, M (2014)
Transversal directional filters for channel combining. IET Radar, Sonar and Navigation, 8
(9). 1288 - 1294. ISSN 1751-8784

http://dx.doi.org/10.1049/iet-rsn.2013.0330

promoting access to
White Rose research papers

eprints@whiterose.ac.uk
http://eprints.whiterose.ac.uk/



mailto:eprints@whiterose.ac.uk
http://eprints.whiterose.ac.uk/

Transversal Directional Filters for Channel Combai
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! Institute of Microwaves and Photonics, School of Electronic and Electrical Engineering, University of
Leeds, Leeds LS2 9JT, UK.

2 Radio Design Ltd, Shipley Wharf, Wharf Street, Shipley ,West Yorkshire,BD17 7DW, UK

Abstract — A new concept for the design of power combiners A synthesis method for DF is presented with various
based on matched directional filtersis presented. The directional approximations to derive a simplified and realizable

filters consist of individual balanced sections composed of equivalent circuit. The desian is based on a pole placement
hybrids and single resonators. Each of the sections corresponds quiv Ireurt. Ign 1 p P

to a pole of an all-pass function composed of the sum of S;; and method where each single section of a DF is singly tuned to
S;, of the desired filter transfer function. A simple synthesis  provide a poleof a bandpass filter. This may be realized by
method is presented. The filter combiner has the advantage of  inserting two networks between a pair of 3dB hyhrids
gﬂg‘;;r“”iﬂ:'ttgerbﬁifen%acgggec'osugfr?;sat?ev"r'gu?r :dngtlg Cascading these sections allows multi-pole response
reaJizefinitefrequmcytr,ansmission 76105, equivalent to the characten_stlcs aff Negree filter As in a
Index Terms — directional filters, combiner, power divider,  transversal array, each section of the network corresponds to a
general Chebyshev filter. pole of the filter’s admittance parameters [6]; each cascaded
section in a DF realizes a pole of its S parameters. As opposed
to conventional techniques of designing combiners, this
technique does not involve the design of channel filters or
Recent requirements to share sites for mobilgunctions. Instead, a single bandpass filter charactelistic
communication base stations require the use of diplexers used such that the insertion and return loss of this bandpass
multiplexes so that two or more bands may be transmitted onféter provides the forward transmission characteristics of each
single antenna simultaneously allowing service providers itband. The design is made from a lowpass filter prototype and
the same vicinity to share antennae. This paper demonstratebandpass characteristics are achieved by standard
novel approach for designing combiners based on Direction&dansformations
Filters (DF) which could be used in Long Term Evolution The concepts were validated with a design of a cellular
(LTE) base stations. combiner with practical specifications used in uplink 800
A DF is a matched fouport device shown in Fig.1 with an MHz LTE bands. The design is based on the characteristics of
input at port 1. Port 4 is isolated and the transmissiom 4" order general Chebyshev filter and the required
functions at port 3 and 4 correspond t@ &d $, of a two-  selectivity is achieved by two transmission zeros close to the
port filter. The concept of directional filtering has beenpassband. The cellular combiner was fabricated using coaxial
presented in the literature over the past desa@ommon resonators The proposed solution achiw good isolation
designs use striplines and waveguide technologies [1] [2] aroetween the input ports, return loss and minimum in-band
others are presented in [3] [4]he principles of operation of a insertion loss
DF used in this paper are an extension on the work presented

|I. INTRODUCTION

in [5].
L ' ’ _ [I. DESIGN THEORY
SERRED A. Cascaded directional filters
As shown in Fig.1, when identical filter networks (network
(fiitar network N [fiier naiwork N N) are inserted between a pair of 3 dB hybrids, power incident
—R at port 1 emerges at port 2 with the return loss of network N
and at port 3 with the insertion loss. This single sectioa of
RT DF works as the basic building lslo for the combiner.
, 3dB Hybrid 2 Regarding the simplified diagram in Fig.1, the response of this
] e -T section is given in (1).
Fig. 1. A single section of a DF and a simplified diagram. R= S
- 11 (1)

T= jszl



The single section of DF in Fig.1 can be cascaded as shown
in Fig.2 with its response given in (2). By cascading, higher
order responses can be achieved. c

P1— P2 — — Pn —

e
R1,72 R2,T2 Rn,Tn

Fig. 3.  Filter network N to prc;vide the required pole in the DF.

B

| Qf— | Q— — | | Qn-—
Fig. 2. Cascaded sections of DFs S —-—3F jB/C
' s+jB/C+2C. 7)
I:)n = Pn—lR1 +Qn—1Tn . (2) SZ _ Z/C
Qn = I:?1—1-|—n +Qn71R1 ! S+ JB/C + 2/C

From (2), we could derive (3) which is the basic equation Comparing (7) with (6), we obtain the values for the

we will use for the synthesis of Ndlegree combiners. capacitance and frequency invariant reactance according to the
. values of poles as in (8). It should be noted that in the cas
P +Q, :H(R +-|-i). 3) when zis of the complex conjugate of @ 180° phase sheft
i1 should be introduced after tHR section.
___2
B. Decomposition of filter characteristics ' Re(p). (8)
The S parameters of a lossless filter network may be B :M
expressed as rational polynomials as in (4) and the sum of Re(pi)

these parameters is given in (5) in which n is the filter orger, z

In order to derive a realizable cascaded DF network, the
represents a zero andrppresents a pole.

branches for the 90° hybrid are replacedabyequivalentr

_Fy S, - P (4) network of inductance€lementsof the inductances of the =
S = E T E network are then merged with the resonators after the lowpass
) to bandpass transformation. The final circuit for the single
H(S_Zi) section DF is given in Fig.4. The elemdntand C’ can be
Su+ S, - F.+P_ - (5) realized by conventional resonators such as coaxial and
1 1 E 11[(3_ p-) dielectric resonators. The inductancesrépresent the input

couplings to the resonators angl tepresent inter couplings

. ) - between the resonators.
According to (6), each pole of a filter characteristic could be

-1

Zp,0
realized by a single DF section and a higher order response >4 1= J-ag -
could be formed by cascading DF. From the alternating pole P ¢ lL
method [7], it is shown that a zeiro(5) is either the same as a f ‘! =
corresponding pole or as the complex conjugate of a pole. I ’) ,i [ :
4 LH [ 5o o
574 _ R+T- (6) I o \—ue &l
S— pi T il c
a ej:‘a g . } a
C. The design of directional filers iy L‘
The next goal is to find appropriate networks N which may e gn% ;ﬂ‘l, -
Zp, 6

be used to provide ,fand T. A simple resonator network as
shown in Fig.3 is used for this purpose with its S parametel@g' 4
given in (7). The network consists of a capacitance C and a
frequency invariant reactan@ which should be included to
realize complex poles

Equivalent circuit of a single section of a DF.

An EM model for Fig. 4 based on coaxial resonators is
shown in Fig.4. The main branch of the hybrid is realized by a
50Q line. The input couplings are realized by non-resonating
nodes and the inter resonator coupling is realized by a
window.



couplings. For this lossless design, we used PEC for
conductors. The S parameters of each section were then put in
ADS and connected by transmission lines. The result of this
combined EM and circuit simulation is given in Fig.6 as the
dashed line response. The EM model of the whole structure is
shown in Fig.7 The hardware is presently being fabricated
Because each DF section controls one pole of filter
characteristic, they may be tuned independently. In addition,
no cross couplings are required when realizing transmission
Fig. 5. EM simulation of single DF section in HFSS. zeros and thus through tuning, different kinds of responses
may be achieved by the same structure.

I1l. THE DESIGN OF A COMBINER

=

With cascaded DF, high performance combiners may b
designed. Because the two passbands are formed by ti
insertion and return loss of a single filter characteristic, the
two channels of the combiner designed haweinteraction -
even when the two bands are very close to each aother.
combiner with two passbands of 832-841.5 MHz and 842.5 |
852MHz is used as an example to illustrate the design theor = el =
The required passband return loss is >18dB and the insertic ———
loss is <1dB. Fig. 7. EM model for the combiner (top view and side view).

A 4™ order general Chebyshev filter is used. Because the
two bands are close to each other, the filter characteristic
should have a steep transition and is realized by two
transmission zeros close to the passband. The transmissiom\ new concept for designing channel combiners based on
zeros are at 1.15j and 1.45j in the lowpass domain. Aftatirectional filters has been presented along \aitlynthesis
synthesizing the general Chebyshev response using methatkthod. Utilizing the insertion loss and return loss of a single
given in [7], the capacitance and frequency invariant reactandgter characteristic, the designed combiner has no interaction
of each resonator are calculated accordin@)o ( between the two bands. The combiner is simple to tune as

A lowpass to bandpass transformation is applied to eackach section is independent of the others and the structure
resonator and the network is combined with the equivaleniequires no cross couplings. Furthermore, because each of the
circuit of the 90° hybrid. After some scaling, the circuit for DF sections corresponds to a pole of the S parameters of the

each section is the same as the one shown in.Higeh four filter, device with non-uniform Q resonators may be designed.
DF sections are cascaded. The circuit model is then simulatduhis will be discussed later.

in ADS and the result is shown in Fig.6 with solid lines.
0 T

IV. CONCLUSION
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