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ABSTRACT

KEYWORDS: UV LIGA ; Residual stress; Electroplating; Bistability; Latch-

ing; Lorentz force actuation; Hollow beam.

A Laterally driven copper Electroplated, initially curved bi-stable MEMS actuator is
designed and fabricated with optimized electroplating parameters which can be used
as a switch. The main challenge of the design is to control stress and reduce actua-
tion voltage. This will be achieved by utilizing a curved fixed-fixed beam design. The
bistable mechanism ensures that the device does not have static power consumption.
Structures can be lithographically defined using lateral structure instead of the nor-
mal out-of-plane structure. Further, lateral switches lend themselves to much more
complex arrays of switches. The beam is fabricated using a UV-LIGA process, using
electroplated copper as the structural material and photoresist as the sacrificial layer.
Recent advances in damascene electroplating and TSV technology have opened the

doors for nanostructures that can be made by electroplating alone.

A key challenge here is controlling the film stress during deposition and in use.
To achieve these, this work explores the effect of plating parameters to tune residual
stress in the microstructure fabricated using UV-LIGA process. The electroplating
parameters are optimized by varying the reverse plating current period and plating
bath temperature to see the variation in the stress. Furthermore, the measured stress
for different electroplating parameters is compared to see the effect of parameters on
plating. It is discovered that these parameters significantly influenced the microstruc-
ture of Cu films and residual stress induced in the film. Stress developed during
fabrication is measured by micro-strain gauge test structures rather than XRD, wafer
curvature method, PL-Raman as this is the most accurate method from a device point
of view. The fabricated initially curved bistable structure is actuated by Lorentz force
using NdFeb Magnet, which gives an actuation voltage of less than 5 volts. An electro-
statically actuated hollow beam has also been designed and simulated. The switching
voltage and latching mechanism of curved shape latched hollow beam subjected to
electrostatic force has been investigated using a reduced order model have been de-
rived and validated against a FEM model. A 4X reduction in switching voltage is
obtained from a solid bistable MEMS beam, which is actuated electrostatically. The

problems encountered during fabrication are also discussed.
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Teh 91Rd HATfeld HIIX Foldgiceies, TRIAS® T & I gid-RUT ATShI-Solargiachiotdhel
THECH (TASTATH) ATSHIAH Hl AT od SolFeceliear ATIGS! & @Y f3as iR Afda
T ara & Tord e o &9 # 39T foham 511 Fehell ©1 T3S BT A& oLl cara
AT T 3R T dleesT T HA A §| Ig dsh theres-theres o1 f3airge i
3YNT H¥eh TS foham SITTaT| foeeser dF g GiAfad dr g o fSarsd & ey fasrelr
T @I o 81| ATHY 3T3C-3HTh-Colel TITAT oh SoTTT YIRY TT=AT T SUATIT hkeh TAITATIT
&1 forgianfiees &0 & aRNT fohar ST TehdT 81 ST 3TaTdr, UTed Raa ¥ad & f&aaf &t
31fRre Sifeer @3t & forw 3UR & §1 ST &1 UV-LIGA TTshaT &1 39T & e famar
ST g, ST ERaATcHS A1l & F9 H Solaeitales did 3R afelgre Id & &I H BleR AT
FT 39T fohaT SATAT 81 SHATI Selargivalfcar 3R duadr deeiieh H giferdr gerfa o
AsregaaR & ol gxarst @idt e T g [iee 37ehel SolargITel [¢aT SaRT 11T ST HohelT & |

IgT Teh YW eAlell fAaTd 3R 39T 3 SR1eT Rbos gara a1 fAaifa et §1 o red ket
& oIT, I8 1 JA-TAHTSNT TR T 3TN e [ATHT ATSshIegaFar 7 raferse sara
FT TIA A & [oIT TGIAT ATIEST o THIT T I TNl & | Ga1d H Rt @t & forw
SolFeICA T ATICST T RaW Talfear gt 37afer 3R cafeer aYer araaTeT Y 37eTeT aeh
3fefepfeld TohaT SITT &1 S8R 37eTdl, Telfear OX ATIEST o Waiid 1 o@al & v fafdest
SAFEICA I ATIGST o ToTT ATAT TeATe T Tofell hl STl & | TG Tl Tell & fob $oT ATIGST o Arel
T Tthoal T e T 3R Whod & IR 3rafRAse Telrd Sl Hgeaqot &9 & Fa1iad fhar g |
A0 & STt TAR AT TeITa ol TFAIRET, AW TshdlT (AT, NUT-IHA o Tl FATSHI-TSoT
ST IETOT TR SaRT ATIT ST § Fifh T8 fBarsa & eRehor ¥ god @ [ g
IR H FATHT gATaER S aol HIAT T UTSIThS T Heleh Sl ST SHleh Aol Sof GaRI
Tfsha T ST &, S 5 dlee @ e T TFIUL dlecsT adl o | Teh Solareiee [Ceholl Alsha
Gl 1A &1 8 F3aTrgeT 3R RFgeles fhar T § | Seleree feeh aet & 37efieT ATIER 3R
T HEIER Wl A o Eafeier dleest R AT T T ST Ueh e ST HSeT (ROM) T
3N ek T TS § 3R ST FEM ATSST T 3YANIT aieh AT fohar 3T | FEaf=ier areest 7
4x T FHY T I foEeaTol TASTATH 1A & U T AT §, ST Soageeiesd &7 F Tfsha
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