T/ EBRREMRESFE. F/ TN RTOCR F/AUT
Jb—=2arv. 7/ - NMARMETNAR, F/EFTNAR,
FTI/TNAZRETI T DMRZT>TVET ., EEHEL%.
HEHESR. FMEHREL4BTERINTVET,

Nanointegration Research Division is specialized in
the research for nanodevice process, nanointegration,
nan-bio integration devices, nano quantum devices,
and nanodevice modeling.
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Advanced Interconnect Technology
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A new concept of interconnect technology has been

7/ ERHE
BR3RERrT

Nanointegration
Research Division

developed for intra- and inter-chip signal transmissions.
The research themes are low-k dielectric films, low tan 0,
high-k dielectric films, antenna for wireless interconnect
using TEM wave, magnetic coupling by inductors and
antenna integrated CMOS transceiver design.
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B ERiEIER— 5 X Low-kiiFEDITETEME R
180nmCMOStransmitter circuits with Si integrated
antennas. Transmission electron microscopy of
periodic porous low-k dielectric film.
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Nano-Bio Integration Devices

#ig #EbL #
Prof. S. Yokoyama

Va7 HIREEE A A — DR SRR
1T->TW5, BLmL=sVasfEa 7 aT A baliip iz
FEEICIDE W HERE NSO, BRI DOER
FFh RE AL, SEERLSIH O E TR IS T
x5,

Bio-sensors using Si ring optical resonator are under
investigation. Arranged silicon binding protein and sharp
resonation characteristics result in high sensitivity. Electro-
optic effect of strained Si with ring resonator is applicable
to the optical modulator for on-chip optical interconnection
in high performance Si LSI.
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Top: Bio-sensor using Si ring resonator

Bottom: Fabricated Si ring resonator and

an example of simulated light-intensity distribution
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Measurements and Analyses of Carrier

Dynamics in Transistors, and Development
Research of Transistor Model HiSIM
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Prof. M. Miura-Mattausch
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Measurement of mesoscopic carrier transport in
ultimately small devices and development of

simulation models for their electric response aiming
at investigating device feature in circuits,
development of next generation devices for ultimate
electrical control.
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Processing and Characterization of Si-
based Nanodots and High-k dielectrics,

\*4 and Their Application to Novel Functional
= MOSFETSs
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Si-based semiconductor quantum dots, metal silicide
nanodots, high-k dielectrics and their process technologies
have been studied intensively to develop novel functional
Si devices operating with a few electrons or photons over
room temperature.
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Energy band diagrams and a schematic device
structure of a functional Si MOSFET with a hybrid
dots floating gate embedded in a high-k dielectric
gate stack, which will lead to multi-valued and
photo-sensitive operations at room temperature
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Development of Three-Dimensional
MOS Transistor
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Pillar-shaped transistors to be used for three-dimensional
(3-D) stack cell consisting of a vertical cell transistor and a
storage capacitor have been developed for a cutting-edge
cell candidate of future DRAM.
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A 3-D DRAM cell candidate
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 Nano-meter scale MOSFETs
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Technologies for nano-meter scale MOSFETs mainly
focusing to ultra-shallow junction formation with very

short duration annealing and heavy ion implantation and MDTASIEERICL B — hNF—/N—F v THHE
metal-gate workfunction tuning technology are being ZRVWEEERBEAIMOSFETOMETEMER

XTEM photograph of high current drivability
MOSFET with gate overlap length adjustment by
tilt-implanted Sb ultra-shallow junctions

investigated.

T/ A THEEET /N1 RDAFR

Nanometer-size New Functional Devices
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Utilizing LSI fabrication process, nanometer-size Si

wires and dots are fabricated. New functional devices with
the Si wires and dots such as single electron transistors, SESIT /A XADTAVYRUORY MBI ZE—E

quantum effect devices, and bio-sensors are studied. FRZUVZRIDLI AN —>
Schematic of a single electron transistor with
multiple nanometer-size Si wires and dots
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Millisecond Rapid Annealing Induced by
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For fabrication of high performance TFTs on low heat-
resistant substrates and shallow junction formation in
MOSFET, we study millisecond rapid thermal annealing §
induced by thermal plasma jet irradiation and noncontact

temperature measurement technique. "
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Modeling of
Nano Scale Semiconductor Devices
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Carrier transport of nano scale semiconductor devices is
studied in order to model electronic states and transport in
small devices. The developed model will be applied to bio-
sensor devices.
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Si nano wire device with gold electrods.
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Affinity measurement of
super-paramagnetic beads on LSI chips
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Affinity of super-paramagnetic beads can tell various bio-
chemical reactions. Monolithic integration is undergoing to
fabricate a chip which utilizes on-chip coils, drive
magnetic beads and measures affinities. The aim is to
complete all the procedures on fit.
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Hall sensor

or Hall sensor
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Handling of super-paramagnetic beads on Si chips
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Study of Gate Dielectrics/ Ge Interfaces
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To further improvement of MOSFET, germanium is
potential solution as an alternative channel material with
high carrier mobility. For the implement of MOSFET with
germanium channel, we focused on the formation and the
characterization of germanium/gate dielectrics interfaces.
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X-ray photoelectron spectroscopy with largest
scale spectrometer (r=300mm)
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MOS Transistor for bio-sensing device 'nPut'ight‘ FPl waveguide Al mirror
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Field oxide

Si substrate pin photodetector

INFETEICHEARLSIOER 2 BIg LI B KO
AT CET-, FEENAF T =N TIE, 2 A

Laser Laser Laser
joni ioni ion:

dtr s FAMOSKS Y Y AR DRFZEAAT 5T\ Vo, By | Wauegude engt 4
<70

Optical waveguide for optically interconnected LSI E60

application has been mainly studied. In the SBI project, Ss0

MOS transistor for the bio-sensing device is being 240

deVelOped. o Waveguide length: 6 mm
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Monolithic integration of pin photodetectors and optical
waveguides
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SEM images of fabricated
Si pillar for vertical

| transistor.
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Three-Dimensional MOS devices and
Processes
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Three-Dimensional MOS devices and their processing XU o B,
have been investigated in terms of area efficiency of VLSI Characte.rlstlcs N 100F
and device-characteristics. Pillar-shaped vertical transistors ~ ©Of a fabricated by Vo=15
: -10 b=1.5 (V)
for future DRAM cell have been developed at present. pillar-shaped w 1077k Vaus = -1.0 (V)
vertical transistor :
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