INTRODUCTION Nano-mechanical switching at 1 ns
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EXPERIMENTAL APPROACH

Fabrication Testing
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Goal: To create NEMS switches
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“— x2 1V drain bias

with 1 V actuation and 1 ns
switching times

Switch Model
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Equivalent Transfer Function
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CONCLUSIONS

Measured switching times of ~250 ns at 5V
Switch lifetimes were measured in excess of
1M cycles

Several switch designs were successfully
measured with actuation voltages of 4 to 17 V
Switching times were not consistent with
predicted resonant frequency of the
structures and were not reproducible

The switching speed issues suggest surface
contamination problems

. Start with high resistivity silicon substrate

. 0.5 um thermal silicon dioxide growth .

. TaN lift-off for 100kW resistor formation Zif:tﬁrﬁef&ﬁrﬁf’e :
. Silicon nitride passivation i high-speed scope) | — RN 7/
. Etch via and opening for switch definition
. Ru sputter deposition EXpeCted

. PECVD SiO, hard mask deposition bandwidth: 5 GHz
. Etch hard mask with optical contact lithography pattern

9. Etch hard mask with ebeam lithography pattern

10.Anisotropic etch using ICP HDP to define Ru switch

11.Wet release of the switch and remove oxide hard mask
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FUTURE WORK

Circuit s = _ _
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Incorporate optimized deposition conditions
v _ to produce near zero residual stress in the
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F|n|te Element Ana|y3|s roughness of the electron beam resist
o S e . =ETD Realize logic NAND and NOR elements
—g= t5am w20 1°'7:wi;gnm “*’ _ using 4 switch configurations
sy v\ » Pattern transferred between oxide hard * Extended drain contacts * Stuck shut device Realize ring oscillator structures to measure
£ o N\ Largerg g mm o mask and Ru mechanical layer * Large line edge roughness * Gap still exists between the switching speeds of multiple connected
=SS Larger w w2 2 N 4: » Gaps as small as 12 nm were realized  Film uniform over small drain and gate electrode Ty wen
g " S Y/ \ z ength scales
. ./ e @ 10" / Larger w .i*'r e _ _ _ Row 8 Column 6
F 6 © +230 ns switching time " .
Switch Length (um) Switch Length (um) ' s _1.7% B . Mw% C 0 G S
R 5V actuatior 1 ACKNOWLEDGEMENT
20 0m e £ == : E . The authors gratefully acknowledge Bonnie
. 2Onm ‘ : ok Asperity contact possibly causing g g McKenzie fo?SEM ingpection andgFrank Austin for
i 5 ° .~ changes in resistance over time : B " fabrication processing. Sandia is a multiprogram
mer——— R R S o e e e laboratory operated by Sandia Corporation, a
Actuation Gap = — Gum tona] i - PR - ockheed Martin Company, for the United States
o N I A s ES5=S 3”"":’"9‘ * s 1.,,% * Fast SWItChm_g times are s ”% Department of Energy'z Ngtional Nuclear Security
oos —yar j fffffffff g - ¥ Y E====i1 e not reproducible é* s : & Administration under contract DE-AC04-94AL85000.
EssEEeesnes : A < +Surface cleaning may :. 5
\ SE NS A Lo~ 2 improv rforman = :
R S S S = PIOYE PETDTITETES ELHH TP, Sandia T RN a%S
Y Y O F Time (us)

""-‘fhf*ﬁ' '|'ﬂl ok 1
e o : * f‘_:ﬁ '-"i *:..-- = o Rt R
e qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ P qn"?'c__. I“ i, ,;n’-?'c__. I“ i, ,;n"?'c__. ,“ i, ,;n"?'c__. ,“ 2l ,;n"?'c__. ,“ 2l .;n"?'c__. ,“ 2l .;n"?'c__. ,“ = .;n"c__. ,“ = qn"c__. ,“ P qn"c__. ,“ P qn"r__. ,“ P qn"r__. ,“ Tl qn“r_.. R L AR A R

etoral /N A a4

I-aboratones National Nuclear Security Administration




