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Intreduction

Three-dimensional (3-D) devices have been investigated for further

scaled devices. While, these devices have a certain possibilities to From this viewpoint, a new functional 3-D device has been
realize various functions in future LSI. ;

developed and a silicidation technique of source and drain for
3-D structure devices has been investigated.
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Fabrication

Suppression of stand-by power is one of key issues on VLSI’s. Zggz%s::fi;l]e:;??g’ ;?5:;2?: s(leeec(:re%des on top
Therefore, it has been studied to control the threshold voltage of MOS 9 o
transistor by various substrate biasing. i Key techniques:
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Additional side gate electrodes
are successfully formed on both
sides of the narrow SOI channel.

A narrow-channel SOI device with additional side gate is fabricated
and its subthreshold behaviors are discussed.

Experimental Results
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Threshold-voltage variation, AVrH is defined to be
deference from that of tri-gate operation.

An SOI nMOSFET with additional side gate electrodes is fabricated and
- %00 AV achieves 170 mV for discussed its subthreshold behaviors.
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3-D transistors, e.g. FinFET, have been extensively developed for further
scaled devices. While, beam-channel transistor, BCT with tall vertical Si
channel have been developed aiming planer-area conscious driving current.
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Unreacted Ni removal by SPM Deformation of Si beams is observed. Itis

noted that wider beams are more deformed.

2-step annealing process
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Development of a new functional 3-D device and a silicidation
technique of source and drain for 3-D structure devices have
been discussed.

O An SOI nMOSFET with additional side gate electrodes is
fabricated and discussed its subthreshold behaviors.
Threshold-voltage variations are achieved in response to
performance requirement. In the viewpoint of stand-by-
power suppression, these provide certain controllability to
circuit operation.

O In the silicidation process for vertical structure device, Si-
diffused reaction causes deformation of Si-beams in cases of
annealing at 300 °C or more. A 2-step annealing process
prevents this phenomenon and NiSi film is successfully
formed on vertical walls.
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Drain current

For tall vertical-channel transistors,
usual top-contact structure causes
decrease of driving current.
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Silicidation of source and drain
provides a solution to this problem.
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Si-diffused reaction to unree

To investigate its reaction mechanism, Ni film is deposited on SiO2-
patterned Si-substrate and is annealed 20 minutes at 450 °C.
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Deformation of beams is caused by
Si-diffused reaction to unreacted Ni
films on SiO2. To avoid this,
control of annealing condition is
needed.
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For tall vertical-channel transistors, usual top-contact structure
causes decrease of driving current.  Silicidation of source and
drain provides a solution to this problem.

From this viewpoint, silicidation process for vertical-channel
device is investigated.

For cases of annealing at 300 °C or
more, Si-diffused reaction causes
deformation of beams.

v

2-step annealing process prevents this
phenomenon and NiSi film is successfully
formed on vertical walls.



