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Abstract

Novel Reconfigurable RFICs with superior performance are the need of the hour for
future technologies. The vast pool of applications includes military, medicine, industry,
communication, and environment. MEMS switches have shown promising capabilities to
cater to these applications' different requirements. Among them, Metal-based MEMS
switches have become an active interest of the research community due to their excellent
properties. The performance of RF MEMS devices has advanced progressively over the
past years. However, low pull-in voltage, wide operating frequency range, and multi-
functionality within a single switch are the demands of compact and high performance
RFICs. This calls for future endeavors to expand their reach and knowledge governing
their operation by exploring different techniques and approaches for device design and
fabrication.

The following dissertation focuses on designing novel MEMS switches for power
dividers and phase shifter applications. The dissertation first discusses the modeling,
design, simulation, and fabrication of RF power dividers based on defect structures in the
ground plane and external capacitive loading to improve performance and reduce size.
The proposed power divider (with capacitive load and rectangular slot DGS) has a
transmission line length reduced to A/16. The overall size of this divider has decreased by
73.7% (0.14Ag x 0.06\g) compared to the conventional divider structure. The designed
power divider offers higher order harmonics suppression till 10th harmonics, along with
providing good RF performance. The degradation in isolation due to the size reduction
technique has also been improved. A parallel combination of resistor-capacitor is
implemented in the isolation network to improve isolation instead of a single resistor
element. The simulated result shows that the proposed power divider has a 3.02 dB
insertion loss, reflection loss better than 25.66 dB, and isolation in output ports better than
22.43 dB (at the center frequency).

Further, a novel MEMS capacitive switch is designed and integrated into the RF
power divider to achieve reconfigurability and compactness. The proposed RF MEMS
power divider offers tuneability for operating in two different frequencies in the C band.
Insertion loss and return loss are 3.57 dB and 24.6 dB (at 4.4 GHz) and 3.82 dB and 22.06
dB (at 5.4 GHz), respectively. The total area of the design is 3.1 mm?. The design under

consideration can suppress harmonics up to the 8" order by 10dB.



The next part of the thesis focuses on designing a novel RF MEMS DC/Capacitive
switch for the ultra-broadband range (DC-80GHz). The fabrication of this switch is simple
and requires only four masks. A floating metal electrode has been used at the top of the
dielectric layer to obtain a fixed downstate capacitance irrespective of the contact area
variation between the top and bottom electrodes due to an even slight variation in applied
voltage after pull-in voltage. Molybdenum is the beam material to obtain robustness
against stress and temperature. This switch can be used as DC switch from 0-48GHz and
a capacitive switch from 17-80GHz. However, the proposed structure can be switched
between DC and capacitive load from 17-48GHz.

A novel 2-bit phase shifter with four different phase shifts (center frequency is 20
GHz) is designed and consists of only two above-designed RF MEMS DC/Capacitive
switches. The RF MEMS DC/Capacitive switch (integrated into the designed phase
shifter) can be switched between capacitive and DC load. It gives a 2-bit phase shift of 09,
5.625° 11.25° and 22.5°. Surface micromachining is used to design the proposed RF
MEMS phase shifter. Sapphire is used as a substrate to fabricate the phase shifter. RF
characteristics are measured using a CASCADE probe station SUMMIT 1100 with
Agilent E8361C PNA Network Analyzer (10 MHz-67 GHz). Isolation in either of the on
states (DC and capacitive) is better than 10 dB from 16-45 GHz. The proposed phase
shifter's measured return loss and insertion loss in all the states are better than 10 dB and
less than 0.8 dB from 16-24 GHz. The novel phase shifter design with unique RF MEMS
DC/Capacitive switches provides high RF performance in each state with a maximum
RMS phase shift error of 0.98+ and an RMS gain error of less than 0.28 dB. These
outcomes validate the promising future of highly compact and less complex phase shifters

using designed RF MEMS switches.
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MR USRI & 1Y T Y: PIHTR B A7 SRUBHTS Hfaw &t denfifesal
& o T Bt STa=adhdl & | SIS & fa=ma ga # 3=, fafarean, 32, aR SR waiavor
it 1 AIEHI-Sadel-AdbHed ReH (HguduE) REl 3 39 s &t
STARAGAISN B GRT B B MRS &HATE foaTs 81 I8 ¥, urg-SHemid THsudey
g 3109 IHT I & HRUN THYH TG &1 Jichd Bl 99 T g | HRTH THSTHTY
IUHROT o1 U s auf §f IR I9d g3 8| §TalTh, aadM ATy dh THSTATY
o o1 0 ¥ 3 GA-3 dlecol ATTAH TS, HH STRICT 3Mgiy I iR ag-wriemd
T ifird 81 39 forg fearsy fEwme sk fnfor & forg faftrs aa-ite! iR eIl &1 Wi
B I GATe B! (AR B aTell 301 Ugd 3R I &1 R HRA & fog Higsy &
AT 1 TR ¢ |

frafafea My vey oeR feargsr ok U Riued sy & o Su=N
THEUACY & fEoTe 31 R $fad 71 MY Ueey U8 Uexi o GUR 3R PR &I HH
TR & oI U188 Wi ok a1t Hufifed AfET & Sy WRamsii & YR TR $RUG TR
fgarger & nrsfer, fomga, Rgawm iR i R =i &= 31 wRarfad o feargs]
(ORI IS 3R SMATHR Wi SIS & 1Y) B IR T2 P daTg geThs A/16
IR T TS ¢ URURS fquad IRa-1 &1 ga-1 § 39 fauad &1 $d SMHR 73.7% (0.14Ag x
0.06Ag) HH B T B | TSSiTe forar Tt urer fEaT3aR 3T IR UG UgH o34 & Y-
Y 103 BRI dF I HH & gHET U UGH Hal ¢ | HTHR g &I dh-1d &
HRUT 3T H fRTae H 1} YUR §3M1 8 | Uhd SRS ded &b SOl Qg ! dgaRk &M
& forg 3rerTa Aead H SaRIy®- TR o1 Th JHMIGR FareH ar far Srdr 8| Rrgaes
gRuTH T Ud1 IadT § b TRanfad urar fgargsr # 3.02 Sidt affye g1, ufafds 814 25.66
St § 9gaR 8, SfR 3M3eye Ui | e 22.43 Slel (@Fg 3R W) F dgaR g

3% 3Qd], U 7419 THSUATY $ufifed faa &) 4 fa=m ik sidee d v
HA P o IRUE UraR feargsr A feomzq iR taied fbar a1 31 vRaTfad 3RU®%
THSTATY TR fEargeR Tt ¥ & @) sra-ora Srgfrl § Terer & forg spfaferd v
T & | IR g1 3R IR 811 HH: 3.57 Shaft 3R 24.6 St (4.4 MRS W) 3R
3.82 Sl 3R 22.06 Seft (5.4 TR WR) 7| f&oe &1 a & 3.1 fipf B1 faarmd=
ST 83 0 & & I BT 10 STell % &a1 IHdT g |
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ARG BT T UM el Fsds I (0-80GHz) & iU T ITAN 3RTH
ey SRfYufdfes e fEomea ova R &fad 71 59 faw &1 fafor W § sik 39
foTT Had IR ARG B! SMAAH T Bl ¢ | -3 dleesl & 91G AR diecs | AL dGard &
HRUBHWR 3R A Saiders & did Judh &7 fdl & daeje T MiYd Seee duRkicy
T R o foTT Gl g3 IRd & =Y R U FAlfeT UIg Sades &1 Sudi a1 T 5|
Aifcree 9 a1d 3R A & RIATH Aoig U B & forg i 9rh 81 59 Rag &1
JUTNT 0-48 e ¥ St fag 3R 17-80 e ¥ wruftifed Rag & &9 o fosar
I&Hdl g | BTalTep, URATfad TR B 17-48 TS ¥ SR 3R Hufdfed dis & ofw Rag
fpar ST asmdr g |

TR S-S TR0 et (Fetg Mgy 20 Thmgdsl) & W U =41 2-fae =_um
e fEame foran a1 8 SR 39 dad & S e Y U oRuw tHETHTy
Sdy/poftifes fega wfia |1 eRu wHsuHuy S uRifed g (f&wme fe mu R
R & Taida) B Hafifed iR SRt Al & o g fasar ST g g1 T8 0°, 5.625°,
11.25° 3R 22.5° B 2-f9e RO R a1 81 TRAfad SRUG TASTATY RO IR &1
SO B & e TIg AT RN ST ITART e ST 8 | HieH O 61 SUanT @Rl R
& fAufur & fod U wetce & U H fordn ofTaT 8 | SIRUW faviwarsft & Tfiide E8361C PNA
qead TAAIEOR (10 TNECSl-67 THEes)) & AU dhihe ofid W SUMMIT 1100 T
JUUNT HRp AT STl g1 aFf | T fooddt ot fufar (SR ok Fufafea) & siema 16-45
Heda ¥ 10 St A dgaR g 1 Tt Trsat & vRanfad =R RigeR &1 A e g ok =i
AT 16-24 MRS ¥ 10 St F IgR 3R 0.8 St T H7 B 3ifgciiy RUH wHETHTE
SRi/Fuffes Rag & Iy TaH =Ror R SO 7d® 9 § 0.98+ &1 ffdwad
SRTHTY =RUT R Ffe 3R 0.28 Sefl T HH Pt SRTHTY ATY Ffe P WY I= 3RUB U2
U&™ PRl ¢ | A URUMH fSoTe T U $iRU% THRUATY Rad &1 SUANT HRd> SHATed
P 3R HH Sfed TR0 R & TS HidH B AR Hd B
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