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Abstract
The design of a single-pole/double-throw (SPDT) nano-electro mechanical (NEM) switch implemented using the metal interconnect layers
available in a standard 65 nm CMOS back-end-of-line (BEOL) process Is investigated for non-volatile NEM memory (NEMory) applications. The
Coventorware MEMS+ finite element analysis (FEA) software tool is used to study design trade-offs. The device geometry and dimensions are
optimized to minimize the switching energy, mechanical delay and settling time.
Introduction Design Optimization Approach
Hybrid CMOS/NEM technology recently has been proposed to
enable faster and more energy-efficient data searching as  For non-volatile operation, contact
compared with CMOS technology [1]. This work investigates the Time (us) adhesive force (F,4,) must be
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Fig. 4: Transient simulation waveforms of cell ~ switching energy, Fepring = Fadn-
programming and reprogramming operations. L
bLY DL F .  To reduce the possibility of
B - - E»F Parameter Values catastrophic pull-in:
——2 Foring spring =% Stiffness, k 0.37 N/m : -
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Fig. 1: (a) NEMory cell structure (b) NEM switch in “0” state (c) NEM switch in “1” state Vevreprogram 20V
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to touch either data line: DLO (“0” state) or DL1 (*1” state)
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: : Fig. 5: Transient simulations of cell reprogramming failure.
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Fig. 6: Effects of bottom actuation gap size: (a) transient Increases.
: : beam capacitance for V., = 9.5V, (b) energy vs. delay.
BEOL NEM Switch Design Trade-Offs
o . Summary
 Reduction in spring stiffness provides for
ml St lower pull-in voltage (Vp), but increases the « Design guidelines for SPDT NEM switch design to achieve non-
- e likelihood of catastrophic pull-in to ALO/AL1. volatile operation with minimum energy X delay are developed.
Actuation [ ging * Theactuation plate should be stifferto . A stiffer actuation plate is advantageous for avoiding catastrophic
. plate | reduc_e t_he possibility of catastropl_ﬂc pull-ln, oull-in, at a tradeoff of longer switching delay.
but this increases the mass, resulting Iin
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