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Abstract

Co-planar waveguide (CPW) lines are the crucial components for the designing of any
RF system. RF signal propagates in CPW lines. There are many circuit components
for CPW like bends, junctions, air bridges and crossovers that should have proper
impedance matching to propagate the signal without any loss. We have designed
the required CPW components for the integration of RF MEMS switches for switch
matrices. We have optimized the CPW bends, air bridges, crossovers and junctions
to match the impedance with rest of the circuit to avoid any excess loss in signal. We
have optimized the dimensions of these components for characteristic impedance of
50 2. A comprehensive idea is presented that how the propagation of RF signal varies
with dimensions and how to avoid that. For any RF system, high RF performance is
the most importanct factor and this is applicable for RF MEMS switches also. We
have simulated the designed structures and achieved better performance with maxi-
mum magnitude of reflection coefficient less than 0.02, 0.055 and 0.015 till 60 GHz for
bend, crossover and T-junction respectively. In the present satellite communication
systems, there is a wide scope to replace many of the radio frequency components
with the Microelectromechanical Systems (MEMS) technology. MEMS switches are
essentially miniature devices that use a mechanical movement to achieve a short cir-
cuit or an open circuit in a transmission line. MEMS switches for low-frequency
applications have also been demonstrated in the earlier times. Since the RF MEMS
components have the potential to substantially reduce weight, size, and the power
consumption. One of the major application of RF MEMS switching networks is in
communication systems. Switching networks are used in virtually every communica-
tion system and include SPNT (single-pole N-throw) switches for filter or amplifier
selection, NxN switching matrices, and general SPDT (single-pole double-throw) and
DPDT (double-pole double-throw) routing switches. In present satellite systems,

most of the switching networks are built using coaxial switches, while PIN diodes

il



are used in the base-station systems except after the power amplifiers. Although,
PIN diode switches are much less expensive than coaxial switches, but require input
and output amplifiers to compensate for the loss introduced by the switching net-
work. Outstanding result in terms of isolation and insertion loss are key features of
the coaxial switches. The coaxial switches generate very low intermodulation prod-
ucts and these can handle a lot of RF power. Due to these advantages, they are
the preferred switches for high-performance or high-power applications. Generally, a
typical satellite system has 100-300 switches depending on the configuration, and the
switching networks can easily cost in the millions of dollars per satellite. RF MEMS
switches can easily provide the isolation requirement of NxN switching matrices, but
it shows slightly higher loss due to their contact resistance. However, they result in
much lighter and smaller systems which is essential for satellite applications. More-
over, the performance of the RF MEMS is also superior as compared to that of the
current technologies. Switching networks are used as basic building blocks in network
payloads. Apart of functionality to provide Connections, switching networks also en-
hance the performance of network. Building block is fundamental part of network
on which whole performance of the network depends, so all building blocks should
be optimized such that we can get better performance from whole network. Various
building blocks have been designed to generate a final interconnect network. Various
simulations show insertion loss better than 0.5 dB. All simulations shows isolation

and return loss better than 30 dB and 20 dB respectively at worst.

v



Acknowledgements

I would like to offer my heartiest salutation to the Almighty God for unbroken health
and courage bestowed upon me in all the adversities at every step and at every mo-
ment throughout the entire span of my studies and in every aspect of my life. It is
matter of great pleasure for me to submit Dissertation-I on Modeling and Optimi-
sation of Multi-Port Compact RF MEMS Switch Matrices, as a part of curriculum
for award of Master of Technology (VLSI Design) degree of Lovely Professional Uni-
versity (Punjab). I am highly indebted to my thesis advisor Mr. Tejinder Singh
for his constant encouragement and able guidance without which this work was not
possible. It is my pleasure to be thankful to various people, who directly or indirectly
contributed in various ways in preparing this Dissertation. Lastly, I would like to
thank my parents for their moral support and my friends from whom I received lots

of suggestions that improved my quality of work.



Certificate

This is to certify that the Dissertation-Il titled "Modeling and Optimisation
of Multi-Port Compact RF MEMS Switch Matrices” that is being submitted by
”SUKHDEEP SINGH” is in partial fulfillment of the requirements for the award of
degree, Master of Technology in Very Large Scale Integration, is a record of bonafide
work done under my/our guidance. The contents of this thesis, in full or in parts,
have neither been taken from any other source nor have been submitted to any other
institute or university unless otherwise cited for award of any degree or diploma and

the same is certified.

Dissertation Supervisor

MR.TEJINDER SINGH

Asst. professor

Dept. of Electron. Elect. Engg.
Lovely Professional University

Phagwara, 144 402, PB, India

Email: tejinder.18700@lpu.co.in

Objective of the dissertation [ | SATISFACTORY / [ | UNSATISFACTORY

Examiner 1 Examiner I1

vi



Certificate

This is to certify that Mr. Sukhdeep Singh, bearing registration no. 11310578 has
completed objective formulation of thesis titled, “Modeling and Optimisation of Multi-
Port Compact RF MEMS Switch Matrices” under my guidance and supervision. To
the best of my knowledge, the present work is the result of his original investigation
and study. No part of the thesis has ever been submitted for any other degree at any

University.

Dissertation Supervisor

MR.TEJINDER SINGH

Asst. professor

Dept. of Electron. Elect. Engg.
Lovely Professional University
Phagwara, 144 402, PB, India

Email: tejinder.18700@Ipu.co.in

April 25, 2015

vil



Declaration

I, Sukhdeep Singh, student of Master of Technology under Department of Electronics
and Communication Engineering of Lovely Professional University, PB hereby declare
that this thesis titled, Modeling and Optimisation of Multi-Port Compact RF MEMS

Switch Matrices and the work presented in it are my own. I confirm that:

e This work was done wholly while in candidature for a masters degree at this

University.

e Where any part of this thesis has previously been submitted for a degree or
any other qualification at this University or any other institution, this has been

clearly stated/cited.

e Where I have consulted the published work of others, this is always clearly

attributed.

e Where I have quoted from the work of others, the source is always given. With

the exception of such quotations, this thesis is entirely my own work.
e [ have acknowledged all main sources of help.

e Where the thesis is based on work done by myself jointly with others, I have

made clear exactly what was done by others and what I have contributed myself.

SUKHDEEP SINGH

Grad. Research Student,

Dept. of Electron. FElect. Engg.
Lovely Professional University
Phagwara, 144 402, PB, India
Email: mr.sukhdeep.saini@ieee.org

viii



To my parents.

X



Contents

Abstract . . . . . . L iii
Acknowledgements . . . ... ..o v
Certificate . . . . . . . . . vi
Certificate . . . . . . . . . vii
Declaration . . . . . . . . . viii
List of Tables . . . . . . . . . . . . xiii
List of Figures. . . . . . . . . . . xiv
1 INTRODUCTION 1
1.1 MEMS and conventional technologies . . . . . . . ... .. ... ... 3

1.2 RF MEMS switch matrix applications in the satellite industry . . . . 5

1.3 General design consideration . . . . . . . .. .. ... L )
1.4 Switching time . . . . . . ... Lo 7

1.5 RF MEMS redundancy switch matrices . . . . . . .. .. .. .. ... 7
1.5.1 Ctypeswitch . . . . . ... ... ... ... 9

1.5.2 Rtypeswitch . . . . .. ... oo 9

1.5.3 Ttypeswitch . . . ... ... ... .o 9

2 LITERATURE REVIEW 13
2.1 Crossbar Switch Matrix Topology . . . . . . . .. .. ... ... ... 13
2.2 Staircase Switch Matrix Topology . . . . . . . . . .. ... ... ... 15



2.3 L Matrix Topology . . . . . . . . . . . . . .
2.4 Review summary . . . . . . .. .o
2.4.1 A Novel Integrated Interconnect Network for RF Switch Matrix
Applications . . . . . . ..o

2.4.2 Design and Optimization of RF MEMS T -Type Switch for
Redundancy Switch Matrix Applications . . . . . . . ... ..

2.4.3 Design of a RF NEMS Switch Matrix . . . . .. ... .. ...
2.4.4 Integrated Interconnect Networks for RF Switch Matrix Appli-
cations . . . . . ..

2.4.5 Investigation and Optimization of Transitions in an LTCC
based RF MEMS Switching Matrix for Space Applications . .

2.4.6 Miniature RF MEMS Switch Matrices . . . .. .. ... ...
2.4.7 Miniaturized RF MEMS Switch Cells for Crossbar Switch Ma-
trices . . . . ..o

2.4.8 Scalable RF MEMS Switch Matrices: Methodology and Design
2.4.9 Monolithic RF MEMS Switch Matrix Integration . . . . . ..

SCOPE OF STUDY

OBJECTIVE OF STUDY

RESEARCH METHODOLOGY

BUILDING BLOCK DESIGN
6.0.10 90 °bend . . . . . ...,
6.0.11 RF crossover . . . . . . . . . ..

6.0.12 T junction design . . . . . . . . .. ..o

PROPOSED SWITCH MATRIX TOPOLOGY

7.0.13 Operation principle . . . . . . .. ... ...

17

18
18

19

19
20

20
21
21

22

24

25

27
28
30
33

38



8 RESULT AND DISCUSSION

9 CONCLUSION

xil

41

43



List of Tables

1.1 Comparison between conventional switches and MEMS

9.1 Switches/Crossovers used in various topologies. . . .

xiil



List of Figures

1.1
1.2

1.3

1.4

1.5

2.1
2.2
2.3

6.1

Schematic of N*N switch matrix. . . . ... .. ... ... ... ... 3
Various building blocks having T-junction, 90°bend, RF switch and a
CTOSSOVET.  « v v v v v e e et e e e e e e e e 8
States of C type switch. State 1; Port 1 and port 2, port 3 and port
4 are connected and state 2; Port 1 and port 4, port 2 and port 3 are
connected. . . . ... L 9
States of R type switch. State 1; Port 1 and port 4, port 2 and port
3 are connected, state 2; Port 1 and port 2, port 4 and port 3 are
connected and state 3; Only port 1 is connected to port 3. . . . . .. 10
States of T type switch. State 1; Port 1 and port 3, port 2 and port
4 are connected, state 2; Port 1 and port 4, port 2 and port 3 are

connected and in state 3; Port 1 and port 2, port 3 and port 4 are

connected. . . . ... 11
RF MEMS crossbar switch matrix topology [1]. . . . ... ... ... 14
RF MEMS staircase switch matrix topology [2,3]. . . . . . .. .. .. 15
RF MEMS L matrix topology [4, 1].. . . . . . . .. .. ... .. ... 17

Coplanar waveguide 90°bend with air bridges and chamfered corners

for low loss design. . . . . . .. ..o 29

Xiv



6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

Coplanar waveguide 90°bend with current density at various parts of

Computed reflection coefficient (Magnitude) as a function of frequency
with chamfer value as parameter. . . . . . . . . ... .. ... ....
Computed reflection coefficient (Phase) as a function of frequency with
chamfer value as parameter. . . . . . . . ... ... ... .. .....
Coplanar waveguide Crossover design with air bridges for centre strip
and ground planes. . . . . . ...

Coplanar waveguide Crossover design with current density at various

29

30

30

parts of design while signal flows through path between Port1l and Port3. 31

Coplanar waveguide Crossover design with current density at various

parts of design while signal flows through path between Port2 and Port4. 32

Computed reflection coefficient S;; (Magnitude) as a function of fre-
quency with bridge height as parameter. . . . . . . .. .. ... ...
Computed isolation Ss; (Magnitude) as a function of frequency with
bridge height as parameter. . . . . . . . .. ... ... ... ..
Coplanar waveguide T-junction design with air bridges and reduced
strip width for low loss design. . . . . . . . . . .. ... ... ... ..
Coplanar waveguide T-junction design with current density at various
parts of design. . . . .. ..o
Computed reflection coefficient S1; (Magnitude) as a function of fre-
quency with centre strip width as parameter. . . . . . . . .. . .. ..
Computed reflection coefficient S1; (Phase) as a function of frequency
with centre strip width as parameter. . . . . . . . . . ... ... ...
Computed reflection coefficient S;; (Magnitude) as a function of fre-

quency with length of open path as parameter. . . . . . . . . .. ...

XV



6.15 Computed reflection coefficient S7; (Phase) as a function of frequency
with length of open path as parameter. . . . . . . .. ... ... ... 37

6.16 Computed reflection coefficient Sy; (Phase) as a function of frequency

with length of open path as parameter. . . . . . . . .. ... ... .. 37
7.1 Proposed 2X2 switch matrix architecture.. . . . . . . . .. ... ... 38
7.2 Proposed 4X4 switch matrix architecture.. . . . . . . .. .. ... .. 39
7.3 Proposed 2X2 switch matrix topology. . . . . . . ... .. ... ... 40
8.1 Computed insertion loss as a function of frequency. . . . . . .. . .. 41

8.2 Computed isolation between two different signal paths as function of
frequency. . . . ... 42

8.3 Computed reflection coefficient Si; as function of frequency. . . . . . 42

XVl



Chapter 1

INTRODUCTION

Microelectromechanical systems (MEMS) technology can be considered to have a
potential to replace many of radio frequency (RF) components as a part of present
satellite communication systems [5, 6]. The RF MEMS components have the poten-
tial to substantially reduce weight, size, and the power consumption. The RF MEMS
also show superior performance as compared to that of the current technologies [7, §].
The MEMS technology shows commendable benefit for switch matrices. The switch
matrices comprise of a large number of switching elements, therefore any small reduc-
tion in size and mass would have large overall impact. Moreover, RF MEMS switches
with billions of switching cycles have been demonstrated .In recent decades, there
is a massive evolution of Microelectromechanical systems (MEMS). The MEMS are
extensively exploited in several fields such as redundant and broadcast systems. In
the RF /microwave field, RF MEMS switches are the most burgeoning MEMS. These
include both types of configurations: contact and capacitive. RF MEMS switches
show the advantages of both semi-conductor switches and mechanical switches which
leads to make RF MEMS as an emerging field. Good RF performance posses a low
inter- modulation distortion [8] is demonstrated by small sized RF MEMS switches.

There are several designs available in the literature for the construction of MEMS



switches. This design of switch showed an excellent isolation of 75dB and noticeably
a low insertion loss of 0.13 dB at 28 GHz [?]. The switch matrix provides all possible
combinations of routes between N input signals to N output signals. Sophisticated re-
dundancy switches are required on much priority for the satellite applications. These
switches are providing sophisticated redundancy as these are being used as microwave
switches. The decision on the integration pattern of redundancy switch matrix with a
large size arises a major problem while integration [9]. This problem is being overshot
by using SPNT switches. However, the use of multiport R-type, T-type and C-type
of switches considerably simplifies the integration problem of such redundancy switch
matrix [10, 11]. An intensive literature survey presents the following key points to
be considered while designing several building blocks so as to improve system per-
formance: 1) CPW circuits can be made even denser and these circuits present a
facility to design wideband components. 2) RF MEMS switches provide advantages
of both mechanical and semi-conductor switches. 3) The integration problem of re-
dundancy switch matrix is considerably simplified by using multiport R-type, T-type
and C-type. In order to utilize these advantageous features explained above, there is
a need to design various building blocks with due care. In this paper, various build-
ing blocks are optimized. These building blocks are further used together to form
switches namely R-type, T-type and C-type [12],[10].

Switching networks are essential components that are used in modern commu-
nication applications. It provides full flexibility to enhance the capacity of satellite.
Interconnect network provides routing of signal from N input ports to N output ports.
Satellite beam linking systems vastly rely on switch matrix functionality to manage
traffic routing and for optimum utilization of system bandwidth. Microwave switch
matrices are used as building blocks in satellite communication systems [5, 6]. More
importantly, they enable the ability to optimize bandwidth usage for beam linking

systems [13]. Semiconductor and MEMS switches are two prominent candidates for



Multi port Interconnects
Switches 3

Building Blocks (B) for larger switch matrices

Figure 1.1: Schematic of N*N switch matrix.

realizing such type of switch matrices. Therefore, the interconnect network bas to be
amenable to integration with these switching elements. In addition, signal transmis-
sion and isolation of the interconnect lines are key factors for successful design of the

switch matrix.

1.1 MEMS and conventional technologies

The mechanical switches (coaxial and waveguide) and the semiconductor switches (p-
i-n diode and FET) are the most common RF switches used in microwave industry
now a days. Mechanical switches (coaxial and waveguide) leads to the benefits of
large off-state isolation, low insertion loss, and the high power handling capabilities.
Moreover, these are highly linear. However, they are heavy, bulky, and slow [8]. The
semiconductor switches provide a much faster switching speed, and are smaller in
size and weight. But semiconductor switches are inferior in terms of the isolation,
dc power consumption, insertion loss, intermodulation and power handling. MEMS
switches facilitate the combined advantageous properties of both the semiconductor

and mechanical switches. MEMS switches offer the low weight and small size features



of semiconductor switches along with low DC power consumption and better RF

performance and of mechanical switches [14, 15, 16].

FET p-i-n diode Mechenical MEMS

dc Power 0 10 mW 0 0
Isolation Low  Medium High High
Size(mm?) small Small Large Small

Table 1.1: Comparison between conventional switches and MEMS.

Most of the MEMS switches are actuated by the electrostatic forces which leads
to the near-zero power consumption, since there is no current flow. MEMS switches
result in excellent isolation by using air gaps for OFF state. MEMS also offer an
advantage of being a very linear devices with very low intermodulation products.
Table 1.1 gives a comparison between MEMS and its other counterparts highlighting
the benefits.

RF MEMS technology is also having some shortcomings. Earlier life time was one
of the concerns, but nowadays it has been widely addressed by researchers indicating
millions of switching cycles. MEMS can be used in applications to a few watts, as
MEMS switches can handle low to medium power levels. In order to widen use of
MEMS technology in the satellite payloads, their power handling level needs to be in-
creased [17]. Packaging is also another topic of study for MEMS switches, in concern
with switch matrices having large number of moving elements and RF ports. RF per-
formance deteriorated by the conventional hybrid packaging techniques, overshadows
the benefits of MEMS technology. Monolithic packages showing better performance
would result in more benefits [18]. The matrix is formed by the integration of the
solid-state SP2T switches and a multilayer printed circuit board (PCB) interconnect
network.This switch matrix results in a smaller and lighter alternative but it ex-
hibits a very high insertion loss, hindering its use in the appearing satellite switching

applications.



1.2 RF MEMS switch matrix applications in the
satellite industry

There are two switch matrix applications serving the opposite extremes of the switch
market. The spacecraft applications need the highest switching performance and
MEMS technology can provide commendable benefit in the area of reducing mass
and volume. On the other hand, the wireless handheld devices need low-cost devices
and the MEMS technology can provide benefits in the area of DC power and insertion
loss reduction. During the signal processing, the signal passes through four sets of the
switch matrices, out of which, three sets operate at a low power and can be replaced by
RF MEMS technology. The RF switch matrices result in the system redundancy for
the payload against receiver or high power amplifier failures. If there is any failure,
the signal is rerouted by the switch matrices, to spare component located in the
system and hence maintain full functionality of the system. Satellite communication
systems also rely on switch matrices to provide system redundancy and to enhance the
satellite capacity by providing full and flexible interconnectivity between the received
and transmitted signals. The switch matrices also provide system redundancy for
satellite communication systems. It also provide full and flexible interconnectivity

between received signals and transmitted signals, and hence enhance satellite capacity

19].

1.3 General design consideration

RF MEMS switches are the basic building blocks in RF MEMS switch matrices. On
applying voltage between beam and electrode, an electrostatic force is applied and

beam is pulled down. The following equation is used to estimate the actuation voltage



of such design [19]:

[8K
Vo= —— 1.1
P 27e, W wgo (1.1)

where k represents the spring constant of beam, A represents the common area be-
tween beam and electrode, and d? is the distance between beam and electrode. For a
typical cantilever beam with a large electrode, the spring constant due to a uniform

force applied over the entire beam can be approximated by:

_2Ew§

K
3(1

) (1.2)
where E is the Young’s modulus o beam material, t is thickness of beam, w is width
of beam, and 1 is length of electrode. The actuation voltage should be reduced while
maintaining reasonable restoring force. These equations are a good starting point
and the designing should continue with the optimization of the individual switch ba-
sic building blocks, the interconnects and entire matrix integration. During designing
the various stages of RF MEMS switch matrices, advanced design and simulation
tools are used for optimization of the RF performance and the mechanical behaviour
simultaneously. In multi-port configurations, such as RF MEMS switch matrices with
multiple mechanical actuators and several multi-port switches, this issue is very no-
ticeable. Nowadays, vastly used software package is ANSYS for mechanical optimiza-
tion of individual MEMS beams and High Frequency Structure Simulator (HFSS) for
RF performance. Micro-fabrication compatibility is another important issue which
should be kept in mind while designing. The RF requirements such as low loss and
high conductivity must be satisfied. Fabrication process using Gold and based on
low-loss substrate would be considered as a good candidate for switch matrix devel-

opment.



1.4 Switching time

In single MEMS switches, the switching time is mostly dependent on the mechanical
response of actuating beams. In switch matrices, it is also highly dependent on the
material biasing line. This is because of the long and complex DC bias routing which
is required to actuate the individual beam and also its effect on increase of RC delay.
It is noticeable that while selecting the material for bias network, a tradeoff occurs
between the switching speed and RF performance of the matrix. The selection of
high resistivity material for bias lines generally results in improving the RF response
while at the same time the speed is deteriorated. Although these RF MEMS switches
have relatively slow switching time, still such switching speeds could meet several

redundancy applications.

1.5 RF MEMS redundancy switch matrices

As shown in Fig. 1.2, the SPDT and switch cells are divided into subsections, in
order to achieve effective RF performance and wideband operation. The sub circuits
are: RF MEMS single-pole single-throw (SPST) switch, an RF crossover, a 90°bend,
and t-junction. In order to attain the desired characteristics each of these sub cir-
cuits is designed in an optimized way. Coplanar waveguide technology provides an
approach of scalable designing pattern, hence it is suitable for miniaturisation pur-
poses. It provides low dispersion, thus a suitable technology to be used for broadband
applications. For minimising loading effect, a single double ended switch consisting
of two SPST switches connected back to back. A 90°bend is employed between two
SPST switches. C type,R type and T type switches are basically used in various
configurations of switch matrices. Several states of switches and their operations are
as presented below in fig.1.3, 1.4 and 1.5. The SPST switch shows an effective per-

formance in the development of switch matrix. In [8], Rebeiz presented a number

7
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Figure 1.2: Various building blocks having T-junction, 90°bend, RF switch and a
CTOSSOver.

of contact type configurations. Among these configurations, the cantilever contact
type has proven to provide the broadband operational bandwidth. High performance
cantilever contact type switches are employed as the switch matrix [20], however
multiple beams with the requirement of similar characteristics and simultaneous op-
erations are used. While designing a switch matrix, it is highly important to provide
isolation between the various ports used for the wideband operations. The isolation in
the several states of switches occurs because of coupling in the crossovers. In switch
matrix designing operating bandwidth needs to be broadband since it is a crucial
parameter. Although a broadband capability is provided by using RF crossover and
MEMS switch, T-junction leads to be the most challenging circuit in determining the
operational frequency. In the past decade, the major portion of the published work
in the field of RF MEMS switches has been done for designing the SPST switches
[21, 8] . More recently, research work has been carried out for T-type, R-type and
C-type of RF MEMS switches [10, 11].



State 1 State 11
Port 2 Port 2

Port 1 Port 3 Port 1 Port 3

Port 4 Port 4

Figure 1.3: States of C type switch. State 1; Port 1 and port 2, port 3 and port 4 are
connected and state 2; Port 1 and port 4, port 2 and port 3 are connected.

1.5.1 C type switch

For satellite applications, there is a requirement of switch matrices which are sophisti-
cated redundancy switches. C type switches are also known as transfer switch. These
switches are used as microwave switches hence providing sophisticated redundancy.
There are two type of operational states for these switches. These are as shown in
fig.1.3. In state 1, ports 1 and 2; port 3 and 4 are connected with each other. To main-
tain the proper system functionality there is an arrangement to modify the switching

state 1 to change the signal path towards the spare components during any failure.

1.5.2 R type switch

As shown in fig.1.4 there are three operational states for r-type switch. The advantage
of one more state then c-type switch makes the r-type switches more superior as
compared to c-type as there is a considerable reduction in the number of building

blocks for switch matrix. Hence, the overall topology is simplified to a large extent.

1.5.3 T type switch

There are four ports and three signal paths in t-type switches. There are three

operational states possible based on the connectivity of the ports as demonstrated in



Port4 Port4 Port4
Portl Port3 Portl Port3  Portl Port3

Port2 Port2 Port2

State [ State 11 State I11

Figure 1.4: States of R type switch. State 1; Port 1 and port 4, port 2 and port 3
are connected, state 2; Port 1 and port 2, port 4 and port 3 are connected and state
3; Only port 1 is connected to port 3.

fig.1.5. In each state two pairs of ports are connected simultaneously, hence providing
two conducting paths. In state 1, the connectivity is established between the pairs
of 1, 3 and 2, 4 ports. In second state, ports 1, 4 and 2, 3 get connected with each
other in respective pairs.In state 111, the RF signal crossover occurs and ports 1, 2 and
3, 4 are connected. The switches close in each state based on the state definition in
state I; the SPST switch between port 2, 4 and 1, 3 gets closed. The various states
are named based on the connectivity of ports. It is noticeable that none of these
states can be used interchangeably. One of the major problem faced in integration
of large sized redundancy switch matrix is deciding its integration pattern [9]. The
use of SPN'T switches overshoots this problem. However, the integration problem of
such redundancy switch matrix is considerably simplified by using multiport r-type
and c-type of switches [10]. Although t-type switches provide an appreciable degree
of flexibility in the view of redundancy network. This is considered to be the major
benefit of t-type switches. Another advantages of t-type switches are: good isolation
for a broad band width operation and simple switch matrix design. Moreover, t-type
switch provides even more and unique path combinations in case the path failures
happen. But t-type switch has a drawback of asymmetry while switching operation

which badly affects the operational bandwidth.
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Symbol

4

3 3 3
4 4 4
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Figure 1.5: States of T type switch. State 1; Port 1 and port 3, port 2 and port 4 are
connected, state 2; Port 1 and port 4, port 2 and port 3 are connected and in state
3; Port 1 and port 2, port 3 and port 4 are connected.

Varied open path lengths will be seen for an RF signal while it traverses from
one port to another and hence four open paths are followed. Thus, it leads to a
significantly different capacitive loading. The overall value of characteristic impedance
varies from 50 2 due to the capacitive loading experienced at the cross junction of
the four ports. Therefore, the performance starts degrading with an increase in
the operational frequency, as this leads to a degradation of insertion loss and thus,
the deviation of overall impedance from 50 €) continues. Hence the losses keep on
increasing.

Conclusively, there is a need to develop such a schematic that at 4 port cross
junctions, any RF signal can have symmetric open paths. As reported in [11], we can
achieve this schematic by employing 2 individual SPST switches in each of the path.
Hence, it shows that total 12 switches are needed to make six signal paths operational
as per the state configuration described in the system in Fig. 1.2 [22].

Fig. 1.2 shows a schematic realization of a T-type switch. It constitutes of 4

four-port cross junctions, 1 RF crossover, 12 single ended SPSTs, 4 90°bends in the
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turn paths. In each arm, SPST switches are placed in a symmetrical manner in order

to achieve open stub length symmetry for all switches in off states. [11]
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Chapter 2

LITERATURE REVIEW

2.1 Crossbar Switch Matrix Topology

A flexible switch matrix design is provided by using switch matrix having switch cells.
This approach is similar to memory array designs used conventionally. In Fig. 2.1,
a crossbar topology is shown. The size of matrix is easily adjustable by addition
of columns and rows in the matrix. A switch matrix with dimensions 4x4 can be
expanded to dimensions 5x5. The idea behind expansion of dimensions is to simply
add extra rows and columns. Hence, the advantage of using crossbar switch matrix
relies on the expansion of dimensions. There is similarity in the operation sequence
of RF crossbar microwave switch and the traditional DC counterparts. However
broadband and high frequency circuit are designed. The two operational states of
switch cell are needed for proper crossbar functionality. These states are Turn and
Thru, as shown in Fig. 2.1. A 90 °rotation for input is provided in Turn state
operation. However, in Thru state, in the same cell, two input signals are cross over.
In Turn state, ports 2 and 3 are kept floating, while only ports 1 and 4 are having
connections, while in Thru state, ports 1, 2 and 3, 4 are connected in pairs. An

array of switching units connecting horizontal and vertical input and output ports
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Figure 2.1: RF MEMS crossbar switch matrix topology [1].

are used in the circuit. The purpose of each unit is to either connecting input with
output or connecting them to ports designated in the adjacent units. The major
advantage of this method is the feature of expanding matrix dimensions by easily
adding extra rows and columns. Secondly, simple planar transmission lines are used
to make interconnection network. Hence there is no need of multilayer complex
interconnection network. In fig. 7?7, configuration of switching unit is depicted. The
component structure employs 3 SPST switches and a crossbar switch. During one
state, switch S2 is in ON state while switches S2 and S3 are in OFF state. Thus
the connection and isolation of input and output states are provided. During second
state, Switches S1 and S3 are in ON state and provide transition of input as well as
output ports to intended adjacent unit cells.The isolation switch S1 or S3 at the last

column or row are removed to further simplify the structure [23, 24].
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Figure 2.2: RF MEMS staircase switch matrix topology [2, 3].
2.2 Staircase Switch Matrix Topology

The operational bandwidth of Staircase Switch matrix design is smaller in comparison
to crossbar. The physical size of matrix is relatively larger and it shows limited RF
performance. However, in [25, 24], crossbar designs offered good RF performance,
wideband operation and matrix size expansion capability. However, many control
signals are needed due to limitations of crossbar design. In [25, 24], a single unit
requires two control signals. As per citechan2009scalable, the total number of control
signals is

2(N? —1)

in case of N x N switch matrices. Hence it is less practical or the cases where N
5. A staircase matrix topology is solution for such problems. It is as illustrated in
Fig. 2.2. In [2], mathematical prove for this proposed topology is illustrated. Similar
to crossbar matrix, this topology presents the expandable characteristics and hence
it can provide any number of connections between the input and output ports. A

semi-T switch is used to develop an RF microwave staircase switch matrix.
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2.3 L Matrix Topology

Although design flexibility and efficient RF performance is offered by crossbar switch
matrix, the longest and shortest path are out of phase with a huge difference. For
various applications, e.g. beam forming networks, problems may arise due to large in-
sertion loss and phase difference between different paths. Thus it results in increasing
the complexity of the system. An L-matrix topology is a solution for such problems.
This topology was introduced by Yeow cite997361 in switch matrix. Then, K. Y.
Chan [1] also showed the use of L-matrix topology. In order to attain more uniform
phases and path losses for all paths, the original idea presented the use of double-
sided MEMS mirrors as well as single sided MEMS mirrors in conjunction with each
other. L-matrix topology is almost similar to crossbar, as said by Yeow et. al., as its
expansion is done by addition of extra cells in switch matrices. It is noticeable that
L-matrix topology introduces even order dimensions only.

The RF microwave applications employ the L-matrices concept. In Fig. 2.3, an
example of L-matrix proposed in microwave form, is shown. Larger matrix dimensions
are easily achieved by addition of extra cells around the output as well as inputs of L
matrix topology. An example in shown in Fig. 2.3, it presents the expansion of 4x4
Matrix to 6 x6 Matrix versions. Previously proposed and designed SPDT and switch
cell are being used. The research shows that there is a need of additional cell which

has 2 turn states. This additionally introduced cell is labeled as semi T switch [2].
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Figure 2.3: RF MEMS L matrix topology [4, 1].

2.4 Review summary

2.4.1 A Novel Integrated Interconnect Network for RF

Switch Matrix Applications

M. Daneshmand et. al. presented a new integrated RF interconnect network. The
circuit was printed on a double sided alumina substrate, hence eliminating the need
to use the multilayer manufacturing technology. Finite Ground Coplanar (FGC) lines
and vertical 3-via transitions are employed in the interconnect network. These inter-
connect network can be easily integrated with MEMS switches and semiconductor in
order to form switch matrix. They also presented simulation and experimental results
for a 3x3 interconnect network. An isolation of better than 40 dB up to 30 GHz and

a return loss of -20 dB are shown [26].
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2.4.2 Design and Optimization of RF MEMS T -Type Switch

for Redundancy Switch Matrix Applications

Soumendu Sinha et. al. presented a novel approach to monolithically implement a
planar multiport RF MEMS T -type switch. T-type switches are used as building
blocks for redundancy switch matrix applications in space telecommunication. In
space telecommunication redundancy switch matrix applications, the basic building
blocks are are T-type switches. There are three operational states to perform signal
routing with T-type switch. One of them is a crossover state and other two are turning
states. They proposed a design using a series metal contact clamped-clamped beam
SPST switches, a RF crossover and four port cross junctions. A return loss of better
than -15.50dB, an isolation better than 17.73dB for all states across frequency range
0-30GHz and an insertion loss of -0.46dB was demonstrated for the entire T-type
switch. An excellent RF performance is shown by the switch near Ku-band and X

band of frequencies [27].

2.4.3 Design of a RF NEMS Switch Matrix

Eugene Siew et. al. presented the development of a monolithic RF NEMS switch
matrix for the first time. They designed and simulated a prototype 3X3 monolithic
switch matrix at the nano-scale level using Ansoft HF'SS and Agilent ADS. The results
obtained from simulation show that the proposed NEMS switch matrices are capable
of functioning up to 60GHz with good RF performance. It presented isolation of at
least 78dB, return loss of at least 20dB and insertion loss of 0.58dB (at most). The
proposed design proved to be at least 10, 000 times more compact than the RF switch
matrices reported previously. Larger matrices can be made by expanding 3X3 NEMS

switch matrix using Clos network [28].
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2.4.4 Integrated Interconnect Networks for RF Switch Ma-

trix Applications

Mojgan Daneshmand et. al. presented two new types of integrated RF intercon-
nect networks. The circuit was printed on a double sided alumina substrate, hence
eliminating the need to use the multilayer manufacturing technology. Finite Ground
Coplanar (FGC) lines and vertical transitions are employed in the interconnect net-
work. These interconnect network can be easily integrated with MEMS switches and
semiconductor in order to form switch matrix. Theoretical and experimental investi-
gation of a wide-band 3x3 interconnect network utilizing single and double three-via
vertical transitions was done. The measured results show an isolation of better than
40 dB up to 30 GHz and a return loss of 20 dB. A via less double-sided interconnect
network for satellite band applications is also studied and optimized. A process using
only the front and the back pattern metallization is used for this type of network.
The measured results indicated an isolation of better than 45 dB and a return loss of

better than 17 dB [29].

2.4.5 Investigation and Optimization of Transitions in an
LTCC based RF MEMS Switching Matrix for Space

Applications

Taeyoung Kim et. al. introduced optimized and compensated transitions for use in
an LTCC circuit combining it with RF MEMS switches for frequencies up to 20 GHz.
New designs and improvements were introduced and the sensitivity performance of
whole circuit with these components was investigated. Big switching matrices for
communication purposes in space applications are used to combine several inputs
with corresponding outputs. Mechanical switches, which are reliable, but heavy and
bulky are used in the switch matrix approach. RF MEMS switches are employed in
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new approaches as these are small, lightweight and extremely linear and also do not
need much power. Much more flexibility together with compact elements is given by

a modular approach [30].

2.4.6 Miniature RF MEMS Switch Matrices

A. A. Fomani et. al. reported a novel miniature-size switching unit as the building
block application of multiport switch matrices. The constituent of the cell are 3
cantilever-beam contact type MEMS devices coupled to CPW transmission lines. In
the path of signal, there was a single MEMS switch inducing a similar loss in all
switching states. A six-mask fabrication process was used for constructing the entire
system. A 4X4 switch matrix measuring 1.45 X 1.45 mm2 dimensions was build by
using the switching unit. The system presented an excellent RF performance with
the worst-case return loss, insertion loss and isolation of -17dB, -1.8dB and 26dB up

to 40GHz, respectively [31].

2.4.7 Miniaturized RF MEMS Switch Cells for Crossbar

Switch Matrices

King Yuk (Eric) Chan et. al. proposed a miniaturized RE MEMS switch cell units
for the wideband scalable switch matrices. Two switch cells: type 1 and type 2,
each having four and three MEMS switches respectively, were presented. Both of the
cells were miniaturized in physical dimensions upto 340 um and 340 um. These were
reported to be the smallest cell units for RF MEMS switch matrices ever reported. For
the proposed switch cell units, RF performance was presented. Both of the designs
showed excellent RF performance. The measured results have shown return loss (S11
and S44) better than 20 dB in both cases, while maintaining isolation (S41) better

than 20 dB in state 1, across DC to 40 GHz bandwidth for both types. At state 2,
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20 dB isolation was recorded across the bandwidth under consideration. They also

demonstrated better than 20 dB return loss (S11) [32].

2.4.8 Scalable RF MEMS Switch Matrices: Methodology

and Design

King Yuk (Eric) Chan et. al. proposed new solutions for the implemention wide-
band large switch matrices. These solutions were based on L-shaped and crossbar
topologies. In order to build up scalable switch matrices, high-performance wideband
switch cell was introduced. Designing, fabrication and characteristics of the switch
cell and 3x3 crossbar switch matrix were introduced. They also presented an RF
MEMS systems L-shaped switch matrix indicating less variation of characteristics for
certain types of connectivity. It also demonstrated that for a 4x4 switch matrix, there

was an improvement in insertion loss and phase-shift variation of upto 50 % [1].

2.4.9 Monolithic RF MEMS Switch Matrix Integration

M. Daneshmand et. al. presented monolithic integration of an RF MEMS switch
matrix for the first time. They designed novel SP3T RF MEMS switches and also
monolithically integrated with an electromagnetically coupled interconnect network.
For this purpose, a thin film fabrication process was developed and fine tuned ex-
clusively. Further fabrication and testing of a prototype unit of a 3x3 monolithic
switch matrix was done. A good RF performance was shown for the frequency range
of 9.5GHz to 13.5GHz. Using Close networks, the proposed monolithic 3X3 switch

matrix can be easily expanded to a larger matrices [33].
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Chapter 3

SCOPE OF STUDY

The performance of RF MEMS Switches have been demonstrated by number of re-
searchers in last decade. Coaxial switches in the field of mechanical switches and pin
diodes or Field effect transistors (FET) in the field of semiconductors switches are used
frequently in RF applications but both switches have their disadvantages that me-
chanical switches are bulky and semiconductor switches have poor RF performance.
A switch was required with low cost and better performance so RF MEMS switch
was introduced. RF MEMS switches offers very high isolation, low insertion loss and
low power consumption [34]. With advantage of these parameters MEMS switches
also suffers from some drawbacks like low power handling and high electrostatic volt-
age requirement. These Switches has made a large growth in RF applications and
becomes essential component to handle RF signal.

MEMS devices are mechanical components which are surface micro-machined to
achieve a short circuit and open circuit in RF transmission lines. Various types
of actuation mechanisms and different types of contact with membrane are there
in MEMS Switches. Depending on these mechanisms different configurations are

designed for MEMS Switches. Various switching circuits ranging from 0.1 to 120
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GHz are designed due to near ideal response and near zero power consumption of
MEMS switches. MEMS switch can also be cost effective through low unit pricing.
Further these switches can be used to make interconnections between N*N ports.
All other conventional switches used in satellite payloads and others switch matrix
applications does not offer good performance, but they are used due to high reliability
of those switches. As discussed earlier MEMS switches shows very good performance
so they can be replaced by conventional switch matrices. Although, these switches
are having better performance but they still need improvement. Intense research
has been made since last decade in the field of MEMS. Increasing the reliability of
switch, Increasing the isolation between various paths in switch matrices interconnect
network, increasing the return loss, decreasing the insertion loss of path are the key

parameters which are still under research.
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Chapter 4

OBJECTIVE OF STUDY

e Increasing the reliability of switches used in switch matrices.

e Increasing the return loss of design.

e Increasing the isolation between various signal paths of design.
e Decreasing the insertion loss of signal paths.

e Asit is not a easy task to achieve all these parameters because these parameters

are in trade off with each other. So we can optimise these parameters.

e Building blocks should be designed in such a manner so that the performance

of overall system should gets increased.

e Multi-port switches can be used to design various building blocks. Problems
which may occur due to non functionality of any single switch should be kept

in mind.

e Variation in phase of the signal should be equal in all paths of the switch

matrices.

e Power handling is a major drawback of these switches which should be improved.

24



Chapter 5

RESEARCH METHODOLOGY

e By intensive literature review of various papers we come to know that MEMS

technology is replacing all those conventional technologies which are bulky and
having poor performance. Despite the fact MEMS switches are not much re-
liable as compared to those conventional switches but they are used in RF
application due to their excellent RF performance and very wide band of oper-

ation.

Theoretical work is the first step to calculate various parameters of switches.
These parameters include actuation voltage, Spring constant of flexure, Capac-

itances related to the switches and switching time of switches.

Various parameters are calculated using EM solver. Electric and magnetic fields
are plotted there. Graphs of insertion loss,isolation loss and return loss are

plotted.

FEM (Finite element modeller) is used to design flexures. Graphs of parameters
like force required to actuate the switch and spring constant are extracted using

FEM simulators. Parameters like stress analysis at various corners and maxi-
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mum stress at any flexure is analysed in FEM simulator. Pressure distribution

at various parts of flexures is extractracted.

e At last comparing simulated results and analytical results we conclude that

simulated results shows good performance.
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Chapter 6

BUILDING BLOCK DESIGN

The switch cell and SPDT switches are sub divided into sections in order to achieve
the wideband operation and effective RF performance as shown in Fig. 1.2. Both of
the cell units can be easily constructed by using few of the following sub-circuits: a
T-junction, an RF MEMS single-pole single- throw (SPST) switch, an RF crossover,
and a 90° bend. In order to obtain the desired characteristics, the designing and
optimization of each of the sub-circuits is done [35]. Coplanar wave guide (CPW)
technology is used as the basic design technology for the miniaturization purposes
as it provides the possibility for scalable design with lower dispersion suitable for
the broadband applications. Two SPSTs connected back-to-back in conjunction with
a 90 bend have been employed to minimize loading effect and to emulate a single
double-ended SPST for the switch cell turn path.

A new approach of designing the various building blocks is presented in this sec-
tion. Moreover the optimization of key parameters shows an improved system per-

formance.
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6.0.10 90 °bend

In order to design an overall good performance system, each individual block should
be designed with optimized values. The losses can be positively reduced by avoiding
sharp bends in turn paths. The degradation of RF performance of bend happens
due to the sharp bends causing radiations because of cut ground planes. Most of the
times, the bridges also leads to performance degradation by introducing resonance
and hence, should be avoided. In order to compensate for the parasitic capacitance
and reactance, chamfering the corner is preferred instead of using air bridges [28, 27].
In [36] Daneshmand has shown a way to suppress the parasitic slot line mode by
presenting design with air bridges. Radiation losses can be reduced by opting for an
optimal chamfering of both strip and slot. Maximum chamfer allowed in air bridges
may be the optimal value for chamfering [37]. Using a dielectric overlay and a step
change in strip line width may be another alternate to chamfering the corners [?].
There is a need for reduction of the unwanted slot-line mode as it tends to radi-
ate. This can be achieved by placing air-bridges near the CPW discontinuities. The
cause of generation of slot-line mode in CPW bends is the occurrence of path length
difference for slots. However, air-bridges add unwanted capacitance which further
results in degrading the performance of the bend. Fig.6.3 shows a basic pictorial view
of chamfering in a bend. Chamfering provides compensation for reactance arising in
bend, as well as it partially compensates the effects of air bridge. For different bend
structures, the optimal chamfering values are being determined. On the basis of re-
sults the optimal chamfered value for CPW bend structure shows current density as
shown in Fig 6.2. It should be noted that all parameters for air-bridge are having the
same value as in the case of an optimally chamfered CPW bend. Fig. 6.3 shows the
effects of chamfering on Sy; for CPW 90° bends. Fig. 6.3 and 6.4 shows a comparison
between optimally chamfered conventional bend and conventional bend chamfered
at various possible values with design parameters W= 50 ym and G= 25 pm, cor-
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Figure 6.1: Coplanar waveguide 90°bend with air bridges and chamfered corners for
low loss design.

Current Density, J

Port-1

Figure 6.2: Coplanar waveguide 90°bend with current density at various parts of
design.

responding to Z; = 50 2. Comparison of optimally chamfered bend with the over
chamfered bend and under chamfered bend also shows improvements. The results
show that an optimally small value of magnitude lying between 0.02-0.03 is obtained
for chamfer size = 40 pum at frequency of 60 GHz. In the case of over chamfering,
i.e. chamfer size is above 40 pum, the value of magnitude increases and hence leads to
poor performance. On the other hand, in the case of under chamfering, i.e. chamfer
size is lower than 40 x m, the magnitude increases drastically and hence degrade the
performance to a large extent. The corresponding values of the phase calculated for
the respective optimally chamfered, over chamfered and under chamfered bends is as

shown in Fig. 6.2.
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Figure 6.3: Computed reflection coefficient (Magnitude) as a function of frequency
with chamfer value as parameter.

0 T ' T ' T ' T ' T ' T
=
r Phase S;; of Bend

Phase Sn

-150

=200

Frequency [GHz]

Figure 6.4: Computed reflection coefficient (Phase) as a function of frequency with
chamfer value as parameter.

6.0.11 RF crossover

In SPNT applications, the extreme importance is given to the design isolation between
all ports during a wideband operation. The major reason behind design isolation
between all the ports in various connection states of the R-type, T-type and C-type
is coupling arising in the crossovers. Thus, in order to attain reduction in the coupling
occurring in 3-D model of RF crossover, the researchers have presented various efforts.
Somehow, in the design, they have utilized the scalability of the CPW line. A major

achievement is in terms of the reduction in the overlapping area by using possibly
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Figure 6.5: Coplanar waveguide Crossover design with air bridges for centre strip and
ground planes.

Current Density, J
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A 4

Port-2

Port-3

Figure 6.6: Coplanar waveguide Crossover design with current density at various
parts of design while signal flows through path between Port1l and Port3.

the smallest dimensions of fabrication for CPW lines center conductor i.e. 10m. This
is done in order to considerably reduce coupling effect between two perpendicular
transmission lines crossing each other. While retaining small gap size, a good match
characteristics impedance is also sustained [36]. The idea of perpendicular lines are
an additional cause in reducing the coupling [38]. Fig. 6.14 shows a pictorial sectional
view of the bridge. The connectivity of the ports is depicted in the Fig. 6.6 and 6.7.
Fig. 6.6 and 6.7 shows the current density during the connection between port-1,

port-3 and port-2, port-4 respectively.
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Figure 6.7: Coplanar waveguide Crossover design with current density at various
parts of design while signal flows through path between Port2 and Port4.
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Figure 6.8: Computed reflection coefficient S1; (Magnitude) as a function of frequency
with bridge height as parameter.

As evident from the above description, the optimized value of height of bridge
proves to play a critical role in system performance. Fig. 6.8 and present the variation
of return losses and isolation respectively, with the varying height of the bridge.

It can be clearly observed from the above figures, that the value obtained for return
losses is noticeably low at lower bridge heights. A very good performance in terms
of return loss is achieved at bridge height= 5. If the height of bridge is increased
beyond 5 pum, it leads to a drastic increase in return loss. However, on the other

hand, at bridge height = 5 um the isolation is very poor. In order to obtain better
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Figure 6.9: Computed isolation Sy; (Magnitude) as a function of frequency with
bridge height as parameter.

isolation, the bridge height should be increased slightly. Conclusively, it is observed
that there occurs a trade-off between the return loss and isolation value. Since both
return losses and isolation are critical performance parameters, so there is a need to
select the height of bridge in such a way that we obtain optimal performance. Hence,
the bridge height should be selected lying in the range of 5-10 um. By choosing an

optimal bridge height, we can progressively improve the system performance.

6.0.12 T junction design

T-junctions are necessary in the design of coplanar waveguide components such as,
branch-line couplers, power dividers and stub filters. Several discontinuities included
in a T-junction leads to mode conversion taking place within the circuit. Thus the
power conversion happens resulting into parasitic coupled slotline mode from the
desired CPW mode. However, maintaining electrical continuity between the ground
planes of the circuit proves to be a simple method for suppressing the conversion to
coupled slotline mode. Normally this can be attained by air-bridges or bond wires.
A CPW conventional T-junction is as shown in Fig. 6.10. In this figure, the
structure comprises of three CPW center strip conductors. These conductors meet

to form the junction while either the air-bridges or the bond wires maintain the
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Figure 6.10: Coplanar waveguide T-junction design with air bridges and reduced strip
width for low loss design.
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Figure 6.11: Coplanar waveguide T-junction design with current density at various
parts of design.

continuity between ground planes at the junction. The current density across the 3
ports in T-junction is as shown in Fig.6.10 .

A major concern arising in RF system designs is broad bandwidth required for
operating smoothly. Although a broad bandwidth capability is provided by both RF
MEMS and crossover switches, still T-junction is the most critical circuit considered
in determining the operational band of frequencies. In the switch cell and SPDT,
only one input and one output is present as the T-junction has only one path in
ON state at a time. Hence, in other words, always one path is in OFF state. So it
behaves as a capacitive loading. The capacitive loading effect can be minimized by
designing MEMS switch location properly and carefully. It should be in such a way

34



0.1 [ T ' T ' T ' T ' T ' T i

C Magnitude Sy; of T-Junction ]

0.08F " s s | .

= - —— 25 —— 45 -

9] Lo .

< 0.06 n ]
] L

H C g

oo 0.04 - N

= ]

0.02 - .

0 1 | 1 | 1 | 1 | 1 | s

0 10 20 30 40 50
Frequency [GHz]

[o)}
[an)

Figure 6.12: Computed reflection coefficient S;; (Magnitude) as a function of fre-
quency with centre strip width as parameter.

that the switch opens with a minimum possible transmission line length towards the
T-junction. In order to achieve further reduction of capacitive loading, the ground
bridges are attached to a single point. After successfully establishing the T-junction
loadings, major concern is attaining a wideband operation. T-junction should be de-
signed in such a way that it leads to input and output path matching in all connecting
conditions to around 5092 [39, 40]. By employing T-junction with cantilever beam
switches, the overall characteristic impedance is approximately 50 €2 for all the states
for frequency band under consideration [36]. In order to enhance the performance
of T-junction, the strip width should be decided carefully as it has a major impact
on the return losses [34]. The return losses and respective phase obtained at various
values of strip width are as shown in fig.6.12 and 6.13 respectively.

The results depicted in fig. 6.12 show that an acceptable and low value of return
loss is obtained with strip width = 25 pym. However, if we try increasing or decreasing
the width, it results in considerably raising the value of return losses and hence
degrade the system performance. Thus, the optimal value of strip width is 25 pum.
The respective values of phase can be observed from fig. 6.13. As mentioned above,
the T-junction is always having one path in on-state and another in off-state. The
open path length is an important parameter under consideration while designing
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Figure 6.13: Computed reflection coefficient S;; (Phase) as a function of frequency
with centre strip width as parameter.
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Figure 6.14: Computed reflection coefficient S;; (Magnitude) as a function of fre-
quency with length of open path as parameter.

T-junction, since its value directly impacts the system performance by introducing
return losses. As shown in Fig. 6.14, there is a noticeable variation in return loss by
varying open path length.

It should be noticed that the minimum return losses are obtained at path length
= 30 pm. In all other cases with longer path length, the magnitude of return losses
becomes very high. It should be noticed that there is a restriction on the lower limit
of open path length, hence we cannot take the values lower than 30 um because we

need some external switches to turn path from OFF state to ON state. The plot
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with length of open path as parameter.

of phase for the respective cases is as shown in fig. 6.12 and 6.16. Thus, it can be

concluded that, the open path length should be kept at the minimum possible value

in order to lower the value of return losses.

37



Chapter 7

PROPOSED SWITCH MATRIX
TOPOLOGY

Proposed switch matrix topology consists of a 2x2 building block design. The design
in easily scalable to large interconnect networks. The 2x2 matrix is used repeatedly
for scalable designs as shown in fig. 7.2 a 2x2 design is used 6 times to form a 4x4
interconnect network. A basic 2x2 design consists of a crossover, eight switches and

six bends. All of these components are optimised to achieve better RF performance

Portl Port3

Port2 Port4

Figure 7.1: Proposed 2X2 switch matrix architecture.
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Figure 7.2: Proposed 4X4 switch matrix architecture.

of overall system. Characteristic impedance is kept 50 2 while designing. Traditional
topologies like crossbar switch matrix and staircase switch matrix were having a major
drawback that phase variation between different signal paths was found.

The purpose of L-matrix topology was only to achieve minimum phase variation
between various signal paths. The design is made symmetric so that in both states
of operation phase difference is achieved equal. In fig. 7.2 it is shown that in support
of six 2x2 blocks four additional blocks are also attached in which CPW length is
increased using bends. The length is increased in order to compensate the phase
variation caused by 2x2 design attached parallel to the block with CPW connector
only. This design is having least number of switches and crossovers used as compared
to other traditional switch matrix topologies. Similarly further using 4x4 blocks as
building block we can scale the network upto 8 x8 and so on. As every component like
crossover switches and t junctions introduce some loss in network, using the minimum
number of crossovers and switches in proposed topology further leads to the increase
in RF performance of the system. All these components are attached on a single

substrate and gold is used for CPW as well as ground planes in whole design.
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Figure 7.3: Proposed 2X2 switch matrix topology.

7.0.13 Operation principle

A 2x2 architecture is shown in fig. 7.3. The design is having two different states
of operation. In state one Portl is connected to Port4 and Port2 is connected to
Port3 through crossover whereas in state two Portl is connected to Port3 and Port2
is connected to Port4. At any time instance the design is in one of the two states of
operation. Here in state one either input ports are straight away connected to output

paths or both inputs ports are inverted through crossover to feed the output ports.
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Chapter 8

RESULT AND DISCUSSION

For proposed switch matrix topology the results of various building blocks have been
optimised and shown in chapter 6. To support the proposed design the results of
complete integration of 2x2 system are shown in fig. 8.1, 8.2 and 8.3. Fig. 8.1
shows the insertion loss offered by complete 2x2 design which is less than 0.5 dB
in both states. Fig. 8.2 shows isolation between both signal paths which is above
30 dB in both states of operation. Fig. 8.3 shows reflection coefficient S7; which is
at worst 20 dB in both states of operation. Results have been simulated from dc

to 40 GHz. The architecture proposed in chapter 7 can be used instead of using

-0.1 -

o
o
I

Insertion loss [dB]
o .
w
I

o
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I

0.5

0 10 20 30 40
Frequency [GHz]

Figure 8.1: Computed insertion loss as a function of frequency.
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Figure 8.2: Computed isolation between two different signal paths as function of
frequency.
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Figure 8.3: Computed reflection coefficient Si; as function of frequency.

conventional techniques. It can be seen in every results graph that state 2 shows
better RF performance as compared to that of state 1. It is due to the crossover
involved in state 1. These result graphs of insertion loss, isolation loss and return loss
itself are proof that reducing the number of switches and crossers in overall system
will leads to better RF performance. Simulation results proves that design is capable

of producing good RF performance which is acceptable for system design.
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Chapter 9

CONCLUSION

A new switch matrix topology for switch matrix interconnections is proposed and
2x2 interconnect system is designed. Comparison table 9 clearly shows the reduction
in number of overall MEMS switches/crossovers than crossbar switch matrix and L-
matrix topology. Whereas, it is noticeable that all values are equal to Staircase switch

matrix topology.

Crossbar Matrix Staircase Matrix L matrix Proposed switch matrix

2X2 32/4 8/1 12/1 8/1
4X4  128/16 48/6 52/6 48/6
8X8 512/64 224/28 260/34  224/28

Table 9.1: Switches/Crossovers used in various topologies.

Advantages of using L-matrix topology over staircase and crossbar switch matrix
topology was improved phase difference. Proposed design shows the advantage of
improved phase difference between all possible paths with reduced number of compo-
nents required for system design. It is also noticeable here that reduced components
will potentially avoid loss as well as reduce system complexity and actuation mech-
anism complexity. As the number of components like crossovers and switches are

reduced improvement is observed in complete design integration.
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