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The 7nm BEOL NEM relay is a three terminal vertical switching structure consisting 
of a gate node (G1), drain node (D1), and an actuating source beam (SB) anchored on 
one end. 

It has recently been shown that systems of coupled oscillators will naturally find an optimal solution of the Ising problem, which can be mapped to solve 
nondeterministic polynomial (NP)-hard problems significantly faster and more efficiently than conventional computing frameworks. Monolithically integrated 
micro/nanoelectromechanical (M/NEM) switches implemented in IC Back-end-of-line (BEOL) metallization can be configured to create dense oscillator 
arrays monolithically integrated with leading-edge IC technology, enabling a low power single-chip solution. 

• A representative 7nm technology node BEOL NEM is created as a 
baseline device. 

Waveform Analysis

• VG-VD voltage combinations (left) and VS, VD transient waveform (right). 

• Simulation results show that three terminal vertical BEOL switches are able 
to oscillate at a variety of controllable frequencies.

• 32MHz peak frequency achieved during simulation suggests that higher 
oscillatory frequency is mechanically possible.
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1) Both the gate-source (VGS) and drain-source (VDS) 
voltage biasing provide an attractive electrostatic 
force (FVDS + FVGS) on the actuating electrode beam 
SB. 

2) When the electrostatic force reaches a critical pull-in 
voltage (VPI), the electrode beam snaps into contact 
with the drain node which discharges through the 
source. 

3) VGS and VDS decrease until the electrostatic force is 
weaker than the beams equilibrating spring force (FK), 
which causes the beam to return to its original 
position. 

Schematic cross sections illustrating the BEOL layers in a conventional CMOS process (a) 
before and (b) after the release etch process.

• Device parameters are adapted from [1] and optimized for oscillatory 
performance.
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