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Abstract

An approach to optimize the electromechanical patars of RF MEMS SPDT designed for operation aGH¥, using high
dielectric constant material (HfDis presented and the results are compared te tfavssilicon dioxide — the conventional
dielectric used for realizing capacitive shunt stviis. The optimized length of CPW based transnridgie (./4), computed by
considering the permittivity of gold at microwaveduencies is approximately 2700 um. The overadl ef SPDT including the
CPW ground area, reduces from 12 frfor SiO2 dielectric layer based configuration fpeximately 6 mrh for HfO, based
capacitive SPDT. The reduction in dimensions ersslower hysteresis in switch on-off characteristiosl better stress related
deformation control in electroplated metallic steres. The insertion loss, return loss and isataéice also better in the case of
SPDT with HfQ compared to Sipbased devices. SPDT having Sillelectric layer shows insertion loss of 0.35 dBurn loss
of 26.4 dB and isolation of 45.1 dB at 10 GHz, vdar SPDT having HfQOdielectric layer shows insertion loss of 0.08 dB,
return loss of 35.7 dB and isolation of 48.8 dB.@IGHz. Comparison of single switch response wiffer@nt dielectrics is also
presented.
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1. Introduction

RF MEMS switches have attracted lots of attentiothe recent years mainly due to highly linearabteristics
of the switches over a wide range of frequencié® MEMS devices also offer better isolation (>30 dBd low
insertion loss (<0.15 dB) compared to contemposatid state devices. With high levels of integratinegligible
current, low power consumption and improved ovepelifformance, RF switches are preferred for spaicdyorne
and hand held communication applications [1]. MEBW@tches closely resemble the electro-mechanidalyse
except the dimensional scale, superior performeaam@ negligible power consumption. RF MEMS switching
technology addresses many limitations of the cotiweal switch technology. In addition, they areenéntly small
and can be fabricated on different types of sutetrasing inexpensive batch-processing methods.
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SPDT switching circuits are widely employed in moieave and millimeter wave communication systems
including signal routing in ‘transmit and receiwagplications, switched-line phase shifters, andeviidnd tuning
networks. Traditional integration of GaAs MESFET®I&PIN diodes in the SPDT switching circuit [3, id]less
favorable as it suffers from high insertion lossl d&ow isolation at high frequencies over the GHzga MEMS
SPDT switching circuit involves two capacitive shMEMS switches placed a quarter wavelength froemdénter
of the T-junction. When one of the switches is attd, the virtual RF short is transformed to annoaethe T-
junction thus blocking nearly all the signal fromsging to that port.

In this paper designing of SPDT has been discussény Symmetric Toggle Switch (STS) [5]. STS is a
capacitive type switch, which is based on pushl-rpachanism to obviate the problem of self-biasimgl external
vibrations. As shown in Fig. 1 the device considta pair of micro-torsion actuators placed syminalty around
the transmission line.

2. Device Topology and Working Principle of Symmetric Toggle Switch

Symmetric Toggle Switch (STS) has been used togdeSPDT, and an advantage of using high-k diekectri
material has been discussed. The impact of chandilectric material from Sifhaving dielectric constant 3.9 to
HfO, having dielectric constant 20, leads to the cormess in overall size of device with better eleatrresponse.
Designing of SPDT by using Hf(Gas a dielectric layer leads to almost 50% dimeraioptimization. Fig. 1(a) and
(b) shows the 3-D view and working principle of SEI'S is a capacitive switch based o@30PW configuration
with torsion springs of movable membrane anchoeetthé ground planes of CPW. The bridge structuresists of
two micro-torsion actuators, which are connectedach other through levers and an over-lap areamédmbrane
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Fig 1(a): 3-D view and, (b): Working Principle ofjr8metric Toggle Switch.
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is at a gap of 3 um from central conductor. Thespaf inner and outer actuation electrodes of tworontorsion

actuators are electrically shorted together by sitidpn lines and are called "pull-in" and "pulltdwelectrodes
respectively. As shown in Fig. 1(b) when no biakage is applied, bridge is at a height of 3 pmfripansmission
line. Bias voltage applied at the inner electrod@ses the bridge to make a contact with transionskne dielectric

and switch provides isolation (off-state of STSheneas when bias voltage is applied at the outetredes, bridge
clamps to a height which is double the zero biaghtef the bridge, giving low insertion loss (ot of STS). Eq.
1 describes the pull-in voltage in terms of geornatdimensions of movable bridge.
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where, L and W are length and width of actuaticecebdes, gis the gap, E is the Young's modulus of movable
membrane material and |, b, h,i, hare lever and spring dimensions respectively [5,6].

The transmission coefficient (S21) for a shunt slwvivhen modelled as limped capacitance is givefTby

TG 0 o )
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Fig 2 (a): Layout of SPDT, (b) Simulated 3-D vieSPDT, designed for X-Band, having best perforoesat 10 GHz.

whereZ, represents the characteristic impedance of the @irtke capacitance of the switch and=2xf, the radian
frequency. Insertion loss and the isolation aregiby —$,[dB] in on and off states respectively and are ohehe

prime measures for performance of a device. Inchivig from on to off state the frequency changesiatty from

insertion loss mode to isolation mode or vice velldege operating range of the device is thus charaed by the
ratio of frequencies in two states expressed as:

f

insertionloss _ Cdown — &y gair 6)

T - TR

isolation Cup td

where § is the dielectric layer thickness,g gap between the beam and bottom dielectric layer, dielectric
constant of the layer. Most of the devices desigwél SiO, dielectric layers have the capacitance ratio atoun
100-120. For higher isolation (> 40dB ) and lowesertion loss (< 0.1dB) capacitance ratios irgeanf 400-600
are required. Among the three process parameterguation [5], the air gap and dielectric thicknass limited by
the pull-in voltage range and break down voltagehef dielectric respectively. Thus it is imperatieeuse high
dielectric constant material such as Hf@9-27), tantalum oxide (21-28) or strontium tégan oxide (180-300) to
have higher capacitance ratio. Hafnium oxide (jifideing developed as next generation MOS gate qfifle 25)
has excellent process compatibility with concurré@ttechnology. Dielectric strength higher than MM,
implies possible use of thinner layers to achieedtdn isolation. It also shows better resistanceliectric
charging, a major concern in capacitive MEMS swatchPinhole-free Hf©films with thickness less than 100 nm

can be deposited and pattered easily

3. SPDT Design & Optimization

SPDT, as shown in Fig.2 has been designed for 1@ Gdihg two switches. For transmission line length
calculations X/4), permittivity of gold at microwave frequencielsas been considered, which gives a quarter
wavelength of approximately 2700 um. IncorporatidérHfO, in individual switches and optimization of phydica
dimensions over the desired frequency range leadbrtost 50% reduction in dimensions comparedrteiires

0 2= A < 0
ﬁﬁ P =32 a »qu
£ \ / 5 \
@ ]
S-30 S 30
——s11 ——si1
-40 VA a1z -40 —a—s12
(a) (b)
—A—513 —A—513
-50 . -50
5 10 15 20 0 10 15 20
Frequency [GHz] Frequency [GHz]

Figure 3: (a) Electrical performance of SPDT (Sdielectric layer) and switchl in on-state and sig in off-state. (b) Electrical performance
of SPDT (HfQ), with switch 1 in on-state and switch 2 in of&t. Insertion loss, return loss and isolationbeetter in the case of SPDT (HfO
compared to SPDT with Si@s a dielectric layer.
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Fig. 4 (a) - (h): Schematic view of fabricationmdor RF Switch.

with SiO,. Thin higher dielectric constant layers ensurgeased capacitance of the switch, improving,&@Cy,
ratio, which in turn improves the isolation andeari®n loss. Fig. 3 (a) & 3 (b) show the compariedSPDT with
SiO, and HfQ as a dielectric layers. The device size in cas&i6} dielectric layer is approximately 12 fm
whereas in the case of Hf@ is approximately 6 mfn Also Fig. 3 (b) shows that the insertion lossyme loss and
isolation are better in the case of SPDT with H&S compared to the SPDT with Sifelectric layer. Si@based
SPDT shows insertion loss of 0.35 dB, return Ids8604 and isolation of 45.1 dB at 10 GHz, wherd&, SPDT
has insertion loss of 0.08 dB, return loss of 3md isolation of 48.8 dB at 10 GHz.

4. Process Flow

Fig. 4 shows the schematic view of fabrication sty RF switch [5]. High resistivity silicon wafeare used
for the fabrication of RF MEMS switches. Initiakttmal oxidation is followed by the LPCVD growth dlysilicon
which is further doped to required resistivity gratterned to obtain actuation electrodes. Low teatpee TEOS is
deposited and patterned to open contact holes eswkmts the short between actuation electrodesnamdhble
membrane. The underpass area for signal transmis@o a multilayer stack composed of sputtered
TI/TIN/ALSI/TI/TIN thin layers. After this SIQ/HfO, layer is deposited by sputtering on the abovekstax via
holes are patterned through it. This oxide layelt adt as a dielectric layer for the capacitive aypwitch and
prevents the short circuit conditions between théeupass area and movable bridge. A floating niay&ir can be
deposited to obtain optimum capacitance and eliimgathe deposition of refractory metals (in thase TiN) to
obtain smooth contact layers. Movable structureerlized through two electroplating steps over an3hick
photoresist, used as a sacrificial layer. A segdrlaf Cr/Au for electroplating is deposited by #pting. This is
followed by first gold electroplating step providinl.5um thick movable bridge. The second electtoma
selectively increases the thickness to 5.0 um éotan parts including CPW. After themoval of Au and Cr seed
layers, switches are released by modified plasmm@process to avoid stiction problem.
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