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Merits of CMOS-NEM FPGAs

ventional MOSFET-based FPGA

Limits of CMOS-only FPGAs
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Basic structure of NEM

switches

CMOS routing block

= High power consumption

» Large circuit delay o
= Large chip area

CMOS routing block (SB/CB)

should be changed for low-

power/large-density FPGA!
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< C. Chen, et al. DATE, 2012 >
< C. Chen, et al. ACM/SIGMA FPGA, 2012 >

Over 70% of delay and
leakage originates from
CMOS routers.
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€ Operation of NEM memory switches

,_I 3-terminal NEM memory lﬁ . Pull-in operation (V,)

Initial state

State 1

Release operation (V,
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» Zero voltage — beam stiction
= Nonvolatile & stable data signal path
= Switching voltage (V;) is determined by max(V,, V)

State 1

State 2

M3D integration process

CMOS logic circuit fabrication
& Metal interconnection line formation

Dual damascene - Mold formation

‘ HF vapor etch ‘

‘ Dual damascene - Copper fill & CMP ‘
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Island style M3D CMOS-NEM RL circuits
» Consists of single tile and tile-to-tile CMOS-NEM RL circuits
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Fabricated M3D CMOS-NEM RL circuit

NEM Memory
switch
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Measured input and out data signals of the fabricated M3D CMOS-NEM RL circuit for tile-to-tile
operation: (a) V;,,*V;,, output case, (b) V, ,+V,, ; output case, (c) NAND output case, (d) NOR
output case, (e) /((Vin1*Vin2) * /(Vin2* Vins)) output case, (f) /((Vinz+Vins) * /(Vin1*Vin2)) output case, (g)

II(Vint*Vin) + (Vin* Vin)) output case and (h) /(/(Vinp*Vins) + (Vins*Vinp)) output case.

-

signal transfer speed compared with CMOS only FPGAs.

s|sland style M3D CMOS-NEM RL circuits satisfying the
of the 65-nm CMOS technology node have been imp
demonstrated for the first time.
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Schematic view of the island- Plan view of the fabricated M3D CMOS-NEM RL circuit for (a)
style_ RL structure representing single-tile operation and (b) tile-to-tile operation. (c) Plan and (d)
single-tile and tile-to-tile ‘  —m cross-sectional view of the fabricated NEM memory switch
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*NEM memory routing switches are vertically integrated over CMOS logic
circuits by using the CMOS baseline BEOL process. The only difference is
HF vapor etching used to release the NEM structures.

|t is predicted that proposed M3D CMOS-NEM RL circuits will exhibit 4.6x
higher chip density, 2.3x higher operation frequency and 9.3x lower power

consumption than CMOS-only ones (tri-state buffer case) for tile-to-tile
Loperation.
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