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Development of single—electron devices with graphene
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R R OMEZE (J£3C) :© Graphene is an attractive material as a building block of
next-generation electronic devices because of its excellent material property. In this study,
we focused on graphene as an island of a single-electron transistor, and researched how to
fabricate the device to operate in a higher temperature range and to apply to a
single-electron integrated circuit.

AT R AERR
(AL 1)
LAY IEEE & &t

2010 4EEE 2, 200, 000 660, 000 2, 860, 000
2011 4EEE 1, 000, 000 300, 000 1, 300, 000

R

R

R
o 3, 200, 000 960, 000 4, 160, 000

Mgy - L5
B OSE - MEH : EXE LY, &1 - BXME LS
X—U— R K BRE STy, BT RNT U RY, HEBETEMREK

TEER, TNLHITRRATHY, AL
BT DIEEECHALEAE Y 720 OFREE
W LT, TA ARV AT LEKRDZE 2 T7

1. WFERRAG S IO =
PEARERERIE, P T VRS EF R
b9 52 Lok~ T, mafk, &ERLE

FHELTE=, LrL, EFEBEMEOIRR &
[RERIT, PERERERIE OREAIZ © R AU
FNTWndENnzsd, TORERERD—D
DEEFERIKICHB T HHEBEB IO K TH 5,
B CIE, oo a— 0 RiEB st
DHEAE BB OBEIZ L > T —L

ERELSEZRTNE 7R 5V EIcE
MLTWB, DX I 7T, DEEFTD
FEIC L > CTHBEZ RV —2Z, IHIZ
ROV A X /NS THIET 51T R
DA BT AHEEAT AL AL, KRR Ly
fo=7 ZZEREND & 575 EERI,



IEHEE LN RIAD D728, RIS S
BT NA AL LTRERAREMEEZRF>TW
5, BRFZETFLELTROALTHLIET Ny
FNeAWEEEFTLY ho=J A, £0D
FREMEDNHARE S 72N B b, FERMECIE
AME DRI X 2 BEIRE DR (GRIR~
U o AR ORE, X OISEEOEEET
BEfarva—T 4 % LEEFR
v NEFOISHTIE, SHMboREIA T,
b — L RADMERFE W D BRA e B E T
ET 570, @Rl - FRE L N i S h
RO LBRESTIEEAIRECHL LS
DEDEERN, ZOX 7%, 2005 F£0
777 v OBERARENE O K (K.S.
Novoselov et al, Nature 438, 197 (2005)%%)
N5, H—R U RMEE AV RR TR R
EEAE L TCOMREMERERS LTS, H
WZHTH BT A ZADOBLED D Z OMEHT
HH S, AEEA (N, Tombros et al.,
Nature 448, 571 (2007)) %, BRIN - K[E%
IS T N AW NIEFRIZHED 5T
XTWVDEN, BT Ry hOETFHIRE Vo7
BAF TN AR SCE T, £
DT N—T Rk E1T> T D,

2. Mo

Fxlt, TNETIZAURBERMETH D
=R F ) Fa—TEHNTEF Ky b
FEHL, ZORTIEHATHDT 2 EHD
HE N7 VA THERR S U5 AR
EWA L N—H, SLICHET XOR 7—h
HIERIEIC KL D2 HE R FMBOT —F 7
7 Fx Th DL Emm PRI O FEIEIZ KB L
T & 7-(D. Tsuya et al., Appl. Phys. Lett., 87,
153101 (2005), K. Ishibashi and D. Tsuya
et al., Appl. Phys. Lett., 82, 3307 (2003) %),
7772 ORI —R T ) Fa—T
EIEFIZIEL, ZD 2 RITHINZIAMN »To v —
~ O IE Z WOl THAFIC L > TRy 7%
7T BT REE A ER UL, EREEL
7B RIREEOEBNAEETH H, T
FCEME LM THEN & BE T3
AMEEM 2B, SHICH RS T T =
M7 v' 2525 L, £k L7HE
FT A REBKIETIER <, BEEBEE T
Z LB AAUT R SR C OB E A BT
EHEEZ, KFROFERIZE ST,

3. WD kL

HEF M7 O AZOBEIREE OO

WL, LD/ ERTA T RBRELRLT
W, EPTINERT T T20T AT RO
HENORRBEEITo72, ¥y v alZT7774 kK
TR FIBEE I L > T~ZBAL, Si02/Si
BN EICEIREST D2 Lick o T, R EICEK
oum AREED T T 7 = 2R T S (K1),

X 1. Si02/Si FEM FICHEE L=
VA A A =i X

HM1okrsBREREOKRERTT T 2
NOF IR NDIT T T 2T AT R
RS2 5k L CEFE—A/iEE R
FA T THE W, B 100~
500nm F2FEIC /T 7 = AT L, D%,
ZTDT T T 2T AT R EREE
SNT-ERAEDOEEF B — L HE T & B2
ZERBFE RN Ca v 27 NEBEFERL,
HEFIN IV UVRAXEERLEZ (K2, 3),
ERL L 7R FIE=RERS LOKIEToOERE
HIE 21TV, B T RS K OVEE 4
TN K DR DR 21T > 7=,

NIMS_NIF 10.0kV x15.0k

K2. BFr—2ifilmBLORT
A=y F UL TF I AN
— VM I LT 772 0DE
TR

X 3. aF 7 NEMEREE DN
ESEY e



B S

l4i¢%bt777:/$ E - hNT v
VAL DO—HITH D, EMIE Ti/Au TERLL,
EREEILIT A 7 ROREIITL-> THE
RHN, BXF200mm TH5SH, ZNHDET
Z T=1.6K ([ZHBWTHIE Lz, ZOMKIRTIZ
BWT, HET+ NI A X ORMERZRT Y
—nryr7naysr— NRGEEBH L7 (K5),
it,& MEEOZEIZ X - T I-V EtEn
ERLTNBD, ZNHOFEFITHET
FUTVAFE LTHIELTWA Z Ebh
%, X637 — NEE-HV~20V £ TLEH S
o7 —nF A YvE RTHDH, 2D
—narH Ay REENS, ZOHET
T UV AY ORET RIVF— (E) 1359 50meV,
IREICHET 5 26 600K TH D, Tt
E (J300K) LU TCHOREL, 797
TVHBT NI VR XOEREMENICH
FlREhiERTHD, 272L, Z0r—n
VHEATYEYRBEENPL LR TONBE XD
W2, ¥4 YEY FOEH, K& IN—ETh
Wk, REENS RO ONDT A7 R
A Xt 20nm FRETHDHZ &b, ZOHE
FhRITUVAFEARBICNL L7 7 =
VERN—ODT AT RELTHEEL T
WBHOTIEARL, ZNE 0 LIEFITHhINT
AT RBPEHIERENTLES TS L
Ezobihb, ZTOBERELTUL, /77y
O SO RMEIZID SO0, b LTS
T 7 = VRN BN & O R A S
L, ZNRRATNRESLEZEY, 77722
0):1:*/1/?\—*—7\1‘3?‘/“/le/75§?§é%b\7‘:“:}:

WZERB b0 EEbis,

$ﬁ MRV TE, H—DT7T A4 72 F

CEAHEBF T PR TOFREIEIX
%&T%&#otﬂ %/%42®777:
VETATURELIEY T T 2V EET

T VAL OVERE N & ST L, §E747
VRTESAD, ERID L HoKREEE
TAINF 2B ENTER, ZNHDR
RFAEBDT T T2V HE T NI URY
OEREBEblicm T RERERTHD &
EZ2TW5,

X 4. 1’|5§<L717 77 x> HET
kTR Z OESESES

4. LTS T 7 = B
T v YRR DT B

304

-5IO 0 50
Vsq [MV]

X 5. fERLL 721 T=1.6K |
B D ERELE R

I/ [PA]
0 10 20 30

20
15

10"

Vg [V]

-50 0 50
Ved [MV]

X6. T=1.6K COV—a XA
' MR



5.

S e BE

(WFFERFEAE . WHIE5 3 M ORI 724 12
E 7Y

Gstams) (BH1 249)

)

)

®

E. Watanabe, A. Conwill, D. Tsuya, Y.

Koide: “Low contact resistance metals
for graphene based devices” , Diamond
and Related Materials 24, 171-174
(2012). (&E#HAY)

N. Tkeda, Y. Sugimoto, M. Ochiai, D.
Tsuya, Y. Koide, D. Inoue, A. Miura, T.
Nomura, H. Fujikawa, K. Sato: “Color
filter based on surface plasmon
resonance utilizing sub-micron

periodic hole array in aluminum thin

film” , IEICE  Transactions  on
Electronics E95-C, 251-254 (2012).
(A )

K. Asakawa, Y. Sugimoto, N. Tkeda, D.
Tsuya, Y. Koide, Y. Watanabe, N. Ozaki,
S. Ohkouchi, D. Inoue, T. Matsui, A.
Miura, H. Fujikawa, K. Sato: “Nano
photonics Based on Semiconductor -
Photonic Crystal/Quantum Dot and
Metal—/Semiconductor - Plasmonics” ,
IEICE Transactions on Electronics
E95-C, 178-187 (2012). (@A Y)

Y. Ishiwata, T. Shiraishi, N. Ito, S.
Suehiro, T. Kida, H. Ishii, Y. Tezuka,

Y. Inagaki, T. Kawae, H. Oosato, E
Watanabe, D. Tsuya, M. Nantoh, K.

Ishibashi: “Metal-insulator
transition sustained by Cr—doping in
V203 nanocrystals” , Applied Physics
Letters 100, 043103 1-3 (2012). (%
@A)

S. Nagashima, T. Hasebe, D. Tsuya, T.
Horikoshi, M. Ochiai, S. Tanigawa, Y.

Koide, A. Hotta, T. Suzuki :
“Controlled formation of wrinkled
diamond-like carbon (DLC) film on
grooved poly (dimethylsiloxane)
substrate” Diamond and Related
Materials 22, 48-51 (2012). (##t
D)

M. Tagaya, T. Yamazaki, D. Tsuya, Y.
Sugimoto, N. Hanagata, T. Ikoma:

“Nano/Microstructural  Effect  of
Hydroxyapatite Nanocrystals on
Hepatocyte Cell Aggregation and
Adhesion” , Macromolecular Bioscience

11, 1586-1593 (2011). (FEFHHY)

D. Inoue, A. Miura, T. Nomura, H.
Fujikawa, K. Sato, N. Ikeda, D. Tsuya,
Y. Sugimoto, Y. Koide: “Polarization
independent visible color filter

comprising an aluminum film with
surface—plasmon enhanced transmission
through a subwavelength array of
holes” , Applied Physics Letters 98,
093113 1-3 (2011). (&HFHAEY)

H. Tomori, A. Kanda, H. Goto, Y.
Ootsuka, K. Tsukagoshi, S. Moriyama, E.
Watanabe, D. Tsuya: “Introducing
Nonuniform Strain to Graphene Using
Dielectric Nanopillars” , Applied
Physics Express 4, 075102 1-3 (2011).

(EHA D)

S. Migita, N. Hanagata, D. Tsuya, T.
Yamazaki, Y. Sugimoto, T. Ikoma:
“Transfection efficiency for

size—separated cells synchronized in
cell cycle by microfluidic device” ,

BIOMEDICAL MICRODEVICES 13, 725-729
(2011). (&#eAYL)
D. Inoue, A. Miura, T. Nomura, H.

Fujikawa, K. Sato, N. Ikeda, D. Tsuya,
Y. Sugimoto, Y. Koide: “Polarization
independent visible color filter
comprising an aluminum film with
surface—plasmon enhanced transmission
through a subwavelength array of
holes” , Applied Physics Letters 98,
093113 1-3 (2011). (&FHAY)

S. Kim, R. Ishiguro, M. Kamio, Y. Doda,
E. Watanabe, D. Tsuya, K. Shibata, K.
Hirakawa, H. Takayanagi: “m junction
transition in InAs self-assembled
quantum dot coupled with SQIUD” ,
Applied Physics Letters 98, 063106 1-3
(2011). (&EHEAD)

S. Moriyama, Y. Morita, E. Watanabe, D.
Tsuya, S. Uji, M. Shimizu, K

Ishibashi: “Fabrication of quantum
—-dot devices in grapheme” , Science
and Technology of Advanced Materials

11, 054601 1-5 (2010). (&FEFHAY)
(FRE] (B3 2140)
@ H. Tomori, H. Goto, Y. Nukui, Y. Toyota,

K. Tsukagoshi, Y. Ootsuka, S. Moriyama,
E. Watanabe, D. Tsuya, A. Kanda:



“Inducing Nonuniform Strain in
Graphene Using Dielectric
Nanopillars: Toward Strain
Engineering” , Material reseach

society 2011 Fall meeting (MRS 2011),
Boston, USA, 11/28-12/02 (2011).

EARTAE, RAZIER, MAASE, ELE—
B, H KB, SRS ORER, e
“Fabrication and Transport
Measurement of Graphene-based
Superconducting Interference Device”,
International Workshop on Quantum
Nanostructures and Nanoelectronics,
Tokyo, Japan, 10/3-10/4 (2011).

H. Tomori, H. Goto, Y. Nukui, Y. Toyota,
Y, Ootsuka, S. Moriyama, K. Tsukagoshi,
E. Watanabe, D. Tsuya, A. Kanda:

“Introducing Nonuniform Strain to
Graphene: Toward Strain Engineering”
2011 International Conference on Solid
State Devices and Materials, Nagoya,
Japan, 9/27-9/30 (2011).

Foor WREHR, A HBTEE, AP, KHE
B3, N —BR, A ARM, SHIgEe,
ATEPIARE . “Nb/Ru/Sr2Ru04 @ miEfEs
W=~ A 71 SQUID DiEFERE”
2011 =K FEWH P2, B I K,
9/21-9/24 (2011)

LUEHE—, A, KER, KHft,
LIFEL, FHERA, EOR—H, HEA
KA, FedERGk, WLEEH: “Cr K—7
V203 J / ki1 D4 @it AiRE” , 2011
FEEY T, BILKRT, 9/21-9/24
(2011).

KON, %S, SHITH, K&
W, B, RLEL, ENE—ER,
A RE, fESH: FRREALOD
50777 DK EBERLEWE
2011 K EMHE ¥, &L K¥,
9/21-9/24 (2011)

EATNTE, RAZTERS, MARZE, PEE—
B, EER KB, BRI KRR, mdisEs:
“UI7xrEVWEBLEE TSR
OVERL L s E” , 2011 FEFK W PR
2, BILREE, 9/21-9/24 (2011).

IR, @fF3E, JFLSERES, RUHK
N, EBN, BFERE, EdsE—RK, A
AR, EHIEH: “ACIPR InAs BF
Vo THRFICBT DMy a2 2R
DBERAEE” , % 72 BISHYETS

O GE B &
(2011).

W K%, 8/28-9/2

© AETE, Koy EENS, PAREE, EL
JE—RR, KHEZE, HEARM, @i,
ATEFBIME . “Ru-Sr2Ru04 4h & Nb v
72ATAAEL nanoSQUID OBAZE” , 4 72 [A]
ISR AR S, LB R,
8/28-9/2 (2011).

O KR, HEFAY, AL, EoE—
BE, A KE, BPAERES, SPiZed:
“TIT7xrEAVEBRERE T
57, & 72 B AME RS FHIGERS,
IR, 8/28-9/2 (2011).

6. WFFTHLAR

() AFTEf s
A RAE (TSUYA DATJU)
MNEATEOE NG - BEHIFFCHHE
F )T ) u AT —a v
Tz o=7
9eE %5 © 10469760

Q) WFgesyE 2L

(3)HfEMEE 72 L



