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A. BAZE=E4 / Research Laboratory
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Dielectric Nano-Devices

B. #8A & / Faculty and Research Staff (as of May 1, 2019)
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#4% | Professor

K# R R
Name Yasuo Cho (April 2001 -)
2EHA HET TN ARG ER

Research Field | Dielectric Nano-Devices

2 | Associate Professor

K4 LR #FF
Name Kohei Yamasue (July 2016 -)
2EHA s T WPERHI o A T DRSSy B

Research Field | Nanoscale dielectric measurement systems

Bh# / Assistant Professor

7k EEL [ Yoshiomi Hiranaga (October 2006 -)
K4 /Name ILIZR #t°F / Kohei Yamasue (April 2010 - June 2016)
i #5807 Yuji Yamagishi (April 2017 -May 2018)

# / Others

B EAFIEE: 14 (November 2015 - February 2016)

C. #iZZB# / Research Purpose

AWEERIL, T/ 77/ n =2 LT, BEFMEOFENZET 5RO REZ X
52 L E TR EEMRRRIHRETT A ADBE~NCHTL2 I EEZAMELTWVD,

Aaim and target of our research group are developing the research on the dielectric measurement of
electronic materials using nano-technologies and applying its fruits to high-performance next
generation electronic devices.
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. Scanning nonlinear dielectric microscope (SNDM) with super high (atomic-scale) resolution.
. Visualization of dopant profile in semiconductor devices using SNDM.

. Investigation of interface quality at the insulator/semiconductor interface using local-DLTS.

. Evaluation of ferroelectric material and piezoelectric material using SNDM.

. Ultra-high density ferroelectric data storage using SNDM.
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E. 2R XZEDHHE / The Number of Research Papers

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total
S f L S A
(1) EFefsFlvam L 3 8 5 7 8 4 35
Refereed journal papers
(2) FREF L & RS D
EFAER SRR ol ol ol ol 1] o0l 1
Full papers in refereed conference
proceedings equivalent to journal papers
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(3) FrmEfT PR . 15 | 22| 29| 10| 25 | 32 | 142
Papers in refereed conference proceedings
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Review articles
Sz f L g A2
CECER _ o |l 3 | 71 3| 4l 4| o3
Refereed proceedings in domestic conferences
E : g, Sy O
(7) fwels LENITES - i 11 | 17 | 18] 16| 15 | 13 | 90
Proceedings in domestic conferences
(8) &&
Books 1 1 0 0 0 0 2
(9) Feat ol o | ol o] o] o] o0
Patents
(10) AFFakH
Invited Talks 3 5 > > 5 > 28




F 535 EITREHMEME / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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[2013-2015]
1. Kohei Yamasue, and Yasuo Cho “Scanning nonlinear dielectric potentiometry”, REVIEW OF SCIENTIFIC
INSTRUMENTS, Vol.86, pp. 093704-1-8, 2015 [IF: 1.336]

Abstract: Measuring spontaneous polarization and permanent dipoles on surfaces and interfaces on the nanoscale
is difficult because the induced electrostatic fields and potentials are often influenced by other phenomena such as
the existence of monopole fixed charges, screening charges, and contact potential differences. A method based on
tip-sample capacitance detection and bias feedback is proposed which is only sensitive to polarization- or dipole-
induced potentials, unlike Kelvin probe force microscopy. The feasibility of this method was demonstrated by
simultaneously measuring topography and polarization-induced potentials on a reconstructed Si(111)-(7 x 7) surface
with atomic resolution.

International impact on both academic and social aspects: In this article, we proposed new potentiometory
method termed scanning nonlinear dielectric potentiometry (SNDP) to the quantitative, nanoscale measurement of
electrostatic potentials induced by spontaneous polarization or permanent dipoles on surfaces and interfaces. This
method is selectively sensitive to spontaneous polarization and permanent dipoles rather than the contact potential
difference (CPD) and fixed monopole charges, which cannot be distinguished by Kelvin probe force microscopy
(KPFM).

2. Kohei Yamasue, Hirokazu Fukidome, Kazutoshi Funakubo, Maki Suemitsu, and Yasuo Cho “Interfacial
Charge States in Graphene on SiC Studied by Noncontact Scanning Nonlinear Dielectric Potentiometry”,
PHYSICAL REVIEW LETTERS, Vol.114pp. 226103-1-5, 2015 [IF: 8.839]

Abstract: We investigate pristine and hydrogen-intercalated graphene synthesized on a 4H-SiC(0001) substrate by
using noncontact scanning nonlinear dielectric potentiometry (NC-SNDP). Permanent dipole moments are detected
at the pristine graphene-SiC interface. These originate from the covalent bonds of carbon atoms of the so-called
buffer layer to the substrate. Hydrogen intercalation at the interface eliminates these covalent bonds and the original
quasi-(6x6) corrugation, which indicates the conversion of the buffer layer into a second graphene layer by the
termination of Si bonds at the interface. NC-SNDP images suggest that a certain portion of the Si dangling bonds
remains even after hydrogen intercalation. These bonds are thought to act as charged impurities reducing the carrier
mobility in hydrogen-intercalated graphene on SiC.

International impact on both academic and social aspects:  This is a first demonstration of the application of
noncontact scanning nonlinear dielectric potentiometory (NC-SNDP) to reveal the interfacial charge (especially
interfacial dipole moment) state. NC-SNDP imaging suggested the presence of permanent dipole moments at the

interface of pristine mono layer graphene (MLG) on a 4H-SiC(0001) substrate. These dipoles are formed by C atoms
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covalently bonded to the substrate. Upon hydrogen intercalation, the quasi-(6x6) corrugations disappear, the
topmost graphene layer is relaxed, assuming an extremely flat shape, and the dipole moments vanish.

These results indicate that the buffer layer becomes a second graphene layer and the Si dangling bonds are
terminated by hydrogen, as expected. NC-SNDP images also suggest that some of the Si dangling bonds remain
even after hydrogen intercalation. These bonds are believed to act as charged impurities significantly affecting
electronic transport in hydrogen-intercalated graphene on SiC. These results indicate that the NC-SNDP is a first
successful technique which can reveal the potential distributions induced by atomic scale dipole moment only.

[2016-2018]
3. Yasuo Cho “High resolution characterizations of fine structure of semiconductor device and material using
scanning nonlinear dielectric microscopy” Jpn. J. Appl. Phys., Vol.56. pp.100101-1-10, 2017. [IF: 1.471]

Abstract: Scanning nonlinear dielectric microscopy (SNDM) can easily distinguish the dopant type (PN) and has
a wide dynamic range of sensitivity from low to high concentrations of dopants, because it has a high sensitivity to
capacitance variation on the order of 1022 F/ \/E . Itis also applicable to the analysis of compound semiconductors
with much lower signal levels than Si. We can avoid misjudgments from the two-valued function (contrast reversal)
problem of dC/dV signals. Under an ultrahigh-vacuum condition, SNDM has atomic resolution. As the extended
versions of SNDM, super-higher-order SNDM (SHO-SNDM), local-deep-level transient spectroscopy (local-
DLTS), noncontact SNDM (NC-SNDM), and scanning nonlinear dielectric potentiometory (SNDP) have been
developed and introduced. The favorable features of SNDM originate from its significantly high sensitivity.

International impact on both academic and social aspects:  This paper is an Invited Review Paper reviewing
the high-resolution characterization of fine structures of semiconductor devices and materials using SNDM and its
extended versions. First, the principle of SNDM was described, in which the mechanism underlying the high
sensitivity of the order of 102 F/ \/E was revealed. Also, characterization results for some semiconductor devices
were introduced. Then, many newly developed SNDM methods (SHO-SNDM, local-DLTS, NC-SNDM, and
SNDP) were briefly introduced and their applications to the characterization of several semiconductor devices and
materials were described. The good measurement results indicate that SNDM and its extended methods are very
powerful tools for the measurement of semiconductor devices and materials. Therefore, international impact on

academic field and influence on society of this paper are very large.

4.  Norimichi Chinone, and Yasuo Cho “Local deep level transient spectroscopy using super-higher-order
scanning nonlinear dielectric microscopy and its application to imaging two-dimensional distribution of
SiO2/SiC interface traps” J. Appl. Phys., Vol.122, pp105701-1-9, 2017 [IF:2.328]

Abstract: We propose a new technique called local deep level transient spectroscopy (local-DLTS), which utilizes
scanning nonlinear dielectric microscopy to analyze oxide/semiconductor interface traps, and validate the method
by investigating thermally oxidized silicon carbide wafers. Measurements of C-t curves demonstrate the capability
of distinguishing sample-to-sample differences in the trap density. Furthermore, the DC bias dependence of the time
constant and the local-DLTS signal intensity are investigated, and the results agree to characteristic of interface
traps. In addition, the Dj; values for the examined samples are estimated from the local-DLTS signals and compared

with results obtained using the conventional high-low method. The comparison reveals that the D;i; values obtained
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by the two methods are of the same order of magnitude. Finally, two-dimensional (2D) distributions of local-DLTS
signals are obtained, which show substantial intensity variations resulting in random 2D patterns. The 2D
distribution of the local-DLTS signal depends on the time constant, which may be due to the coexistence of multiple
types of traps with different capture cross sections.

International impact on both academic and social aspects: A new technique called local-DLTS, which
employs SNDM to analyze oxide/semiconductor interface traps has been proposed. The utility of the method was
demonstrated. Similar to conventional DLTS, the proposed method measures capacitance transients generated in
response to an applied pulse voltage. The measured C-t curves demonstrated the capability of distinguishing
sample-to-sample differences in the trap density. Then, 2D distributions of the Di; were obtained, which showed
substantial deviations in intensity that manifested as random 2D patterns. This implies that interface traps are
inhomogeneously distributed at SiO./SiC interfaces. In addition, the 2D distributions depended on the time constant
even though the feature sizes did not change, which may be due to the coexistence of multiple types of traps with
different capture cross sections. These results show that local-DLTS is capable of measuring interface traps with
high lateral resolution and is promising for acquiring microscopic lateral distributions with separated time constants.
Lateral distributions of traps are expected to provide a wealth of information for identifying the physical origin of
traps. Therefore, this newly proposed local-DLTS is a promising method to investigate MOS interfaces very
precisely.



G. BHEIRE;EF / Significant Activities (FY.2013-2018)

See Ref. 2-9.  “#” mark indicates research carried out at a former organization.
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[2013-2015]

1. Activities on committees of academic societies.
+ Program committee member of Ferroelectric Materials and their Application (FMA) (FY 2006-) .
- Japan-Korea Conference on Ferroelectricity Organizing Committee (FY 2006-)

2. Editor and reviewer for academic journals.
+ IEEE Transactions on Circuits and Systems |1
+ Journal of Vibration and Control
+ Langmuir
+ Applied Physics Letters ---etc.

3. Instruction and education for industry
« Hitachi High tech science
- Denso
+ Toshiba
- ASRC
- Toyota motor co.

[2016-2018]
1. Activities on committees of academic societies.
» Program committee member of Ferroelectric Materials and their Application (FMA) (FY 2006-) .

- Japan-Korea Conference on Ferroelectricity Organizing Committee (FY 2006-)

2. Editor and reviewer for academic journals.
+ IEEE Transactions on Circuits and Systems |1
+ Journal of Vibration and Control
+ Langmuir

- Applied Physics Letters ---etc.

3. Instruction and education for industry
« Hitachi High tech science
+ Toshiba memory
+ ASRC
» Murata manufacturing
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