Center for Energy Efficient Electronics Science
A National Science Foundation Science & Technology Center

Characterization of Contact Adhesion in MEM Relays

Donato Kaval, Alexis Peschot?, and Tsu-Jae King Liu?
IDepartment of Electrical and Computer Engineering, University of Texas at El Paso
?Department of Electrical Engineering and Computer Sciences, University of California, Berkeley

Abstract:

Power consumption limits the range of applications for computing devices today. In the future, electronic switches that operate with superior energy
efficiency to the metal-oxide-semiconductor field-effect transistor (MOSFET) will be needed to enable the Internet of Everything.

Micro/Nano-Electro-Mechanical (M/NEM) switches (relays) are promising In this regard, because they can be operated with voltages less than 10 mV,
whereas MOSFETSs today are operated with ~1 V. In order for integrated systems of mechanical switches to operate reliably, however, contact adhesion
must be minimized in a controllable manner. Toward this goal, the influence of relay operating conditions on contact adhesion Is experimentally studied.

The Problem:

* The energy consumed per digital logic operation by MOSFET-based
Integrated circuits is many orders of magnitude greater than the
fundamental minimum energy required for computation.

Plan-view Scanning Electron Micrograph!?  Movable body electrode suspended by folded-flexure beams over
the gate electrode.

« Conductive channels (metal strips) attached to body underside,
with an intermediary insulating oxide layer to prevent body current.

« 2 pairs of source/drain electrodes - 2 electrical switches

M/NEM relays can be operated with much lower voltage than MOSFETSs _ _ Clevt
(Only one source/drain pair was used in this work.)

* Physical separation of electrodes provides for zero current in the off state Source 2 _ _ _
- Current (1) is switched abruptly between off state and on state. Drain 2 * Electrostatic force induced by gate-body voltage diiference actuates
+ Switching with low gate voltage (V) is possible with body bias (V). ~ Channel body downvv_ard, causing Fhe channel to contact source/drgln.
v » Hysteresis (Vp, — Vg, ) Is exacerbated by contact adhesive force.
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Voltage V, (V) « A minimum drain-source voltage difference is required for consistent current flow.
Gate voltage Vs (V) « Contact adhesive force increases with increasing drain-source voltage difference.
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