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STUDY OF FERROMAGNETIC SINGLE-ELECTRON TRANSISTORS
CONTROLLED BY GATE ELECTRIC FIELDS
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WFFERR R OBEEE (332) : We report a novel technique for the fabrication of planar-type Ni-based
single-electron transistors (SETs) using electromigration method induced by a field emission current.
Coulomb blockade voltage of the devices operated at 300 K was clearly modulated by the gate voltage
quasi-periodically, resulting in the formation of multiple tunnel junctions of the SETs at room
temperature. In addition, the resistance of the Ni nanogaps was varied by applying magnetic fields, and
magnetoresistance (MR) ratio exhibited approximately 9 % at 299 K with the bias voltage of 33 mV.
These results clearly imply that electromigration procedure allows us to easily and simply fabricate
planar-type Ni-based SETs operating at room temperature.

AR TERE
(BHEHAL : )
[ERS T Rk & it
2008 4EJiE 6,000,000 1,800,000 7,800,000
2009 4EJiE 3,900,000 1,170,000 5,070,000
2010 4EJE 3,600,000 1,080,000 4,680,000
AP
A
W 13,500,000 4,050,000 17,550,000
e ./ ovy va=J R, F /)77 /nv—
BFEOSR « fH - EXRE A LF - BAFT /31 A B
F—U—R:DEEFHET, AL br=J A, L b, L—a

1. WFZERAR Y I DT &

ABFFETIE, G EALBREAT O & AL & AR
Toeo0, mER - BIKHEE) TRAEMm
IRHFTHIR AT A 2 & LT, SRBEMER B

TRV EN S HE THEMET A
X TG BT T N AHMT OB EIT 5,
SREEME R CHE 17 N A2 FHBT I A
L Offiio - HE LN AR L 72 0 | HFE



TR TCOBIKEEENMEREEALE LR TO
AR MERE & W O FLRZ RS, mEMEL
ICBW T HIRHEE S TR, B & A
EUREFEIERLBREE LEEH LSO
EMERERLIBE Y AT AR E R E - FEBTE S
AREMEN S B,

2. WO HD

AWFFETIE, HE T A ADOBIKEEE
JIPERE - BEREEBEMRE L. Mt (REY)
ORI MERE & WV O BN BEE RS S
TR R T N AFAR OB 2 B
LT 5, BREEMER CHE T /31 A2 {ERT
R, A AR L7 BB s S AT HE & 7
V., BRE AU NHICEREMNGT DL
TH LWL S OGERERFE2RETE D A6
Wmd 5, ZOEHIZiE, 7L r—AlEEo
SREGME - R AER & 10nm DL R ICEGRI L4
LN ERI NS,
AMETITIINETICERAR Y 0 — T
WEEERNH LT 2 VYT T 4 —Hiih
AWTT NS ZERRB L CE 2, A—7
v RMEWRTEN D 0 . HEF T K0T N
A AEERT L Z ERREETH -T2, 2T
AN T, AL—7> hOmF ExH
L, Q=L ba~wA 7 L—a vzl
L7 LWTF ) N —= o FHEIFORTE %
1TV, @QAKRTFIEIC L 0 shpt 1 B S
DOVERLAZAT 5 Z & THRAITTI RO « 4
TG E MR L, BT - 1 Xk 5
ZFOHAMER LT AL EFABET
Do

3. WFgED ik
KEFFEDORFFERARIIL 3 FEE2TFEL TV 5D,
W (CERE 20 4RE) Gk, mmgtEsE 1
T A AEEERERE LT =7 b~
AT Vv—varrEHnwiF /) "\ —= 7
Bt OBRZE | (CHL Y fEe, fe T, REE (OF
ik 21 FEE) Cld, AFEE W TERRIC 58
WEMEHEE 17 A AMEEOIERL) 2175, &
FCARRE PRk 22 4RFE) 121E, TRBEMEHE 1
TN ARETE O FE T RVEE SRR L.
[HEFHEMHEDO A XL b RIVEBR
PO FATEEEE ) (222 B2 &
ML, FHTLWRER L LTCoOrMmEMEZ &
K75,

4. WRZERHE

(1) #PEEE PRk 20 4EFE) Tl F/ F v v
TR LT, mER N RIS
 BRBESER (FN b RVER) 1280
ARyl t==0 Pr/ 8l Nh=Eeas P/ FESSVE INE
WEBRE 2 [Z 08 Ta vy o » 2 A

THZET, TEOHE HEMEE (T4 7
v R) AR - HIEET DT A B LT,
XU ETFRRY V75 7 4 —I2T50nm
UToxXy vy 7HEE2H> Ni 2T/ Fv >
TEMEER L, FREZ OIS
TQ BEL, Xy v 7 HREE KB L7IERIC
KEMpfEEZR LT, Wi, (ERILE-F 7 Xy
v B LEIEAZEN L CEm AR L.
HHERTHEE 0 R % LD TR0
DOFIEMEIZ DWW TR 21T 572, £ ORER,
b Xy v TEBICKTEREKRE LT D
FEBELOEN/NESL 2D 2 & a2k
L. EA% T 9 HFEE OB S R o
7=, WERIROMBE 7)) X v v TEBBO
AFM @05, BEICLD X v v 7IEHEO Ni
0B85 2 & THIRAEAD Lz EE
Z B ., AFETHEREEROAIZ LV EHT
ENHIERRE/Z2 Z L 2R LTV 5, Tk
W, =L havA 7 L—3a 2RO
LW TR omA %255 2 &Nk
7~

(2) %5 2 FE 8 (CFRE 21 ) Tl FEEEC
Wt L=/ ¥ v v 7B T OB RS
ERSEMT L fa~A L — g ik
ERRA LS V=G A r—) kR
T NA AERE N (T 7T 4 _X—a v
B 1LY BmBMAMELE LT Ni 2 v
T MR E N T U RAH

(FMSET) Z{Ef 17,

TUT 4 R_R— g VRO K FREE ST A
— X EREtd D2 LT, FMSET D% 14k
2 T 72, ZNHORHE, ERTIC
BT 72 B i B 2 R O BN 5D
L. 7/ F¥ v FTERTOUX v v TR
TUTF 4 _N— g RO ®REERE R
FMSET 26|35 L CEBER T A —
FTHAHZ ENHIH L, EEIZ, 2o
&4 4H 2 & T, FMSET OHET R/ ¥ —
RS D Z LTk L=, BLES, ER
BEEREMA LD LY b~ A 7L —
Ta vBRBORBICELDE LW T
WOMRAEGED Z LRk, KFEEZT
Xy v 7EMH L CHEAT L L THE
TR UoURFEHEICERTCE, 77T 4
R—v g B K DRG R BE T NA A
FEVEHIAE O FTREME DS /R X7z,

(3) B 34EE (Fpk 22 ) TiX, WEEEC
ST Lo RS ERHEN L7 ha~
AT Vv—valiE (TIT 44— a k)
WL, A EEE LT Ni 2 VW=7 L
TR EERE T NT Y RAH
(Ni-FMSET) & 5 4 il 1 F 1% O e 37 &
Ni-FMSET OEFELEAINT DOBRFIT P LTz,
BAARMIZIZ T/ X v v TEBROYIE X ¥
TIMEET 7T 4 N— 3 VRFORE B



A HORCHRET S Z & ¢, =REEN
"REZ: FMSET D#y & 1L — % I
BT ENTE, I6IT, BEINCHER S
NEERBILT ) XX v T ~T 7T 4 _N—
avEEATHILET, 2 5D FMSET DJF
RERL & 2 DERELIZAE) LT,

F7o, VvV bhu~A T L—va s HEE
AW THE b7 L —R Ni/EZ2[EEE/Ni &
SRIETE N R NVBES TORIBIZEBIT DA
B (MR) FEORERE RS, =R TIZ
BT 9 %D MR 28R L7, HEhUE
DR T D BALECEATIRE O BEGHEFA X 300
~400 Oe BRETH YV, ZHuE, YEHTD
Ni BBRERICHTDH~A 7 omrIa b
— 3 (OOMMF) 2 X 5atHEAER & etk
Me—gnion, b, /Xy v 7N
HZEREEEL L CHERE L. T/ ¥ v T O
IZHDH Ni V—RA « LA VEBEROBIRES
KL e iR R R ALY 7 —]
Ni/EZS[EEE/NT SRIRBEE b o R AAEE DR
S, SIS T b RV ISR SR AN T
LizbDEEZLND,

DLEX Y, R ERFEN =LY b
~A T —va B VEEF T Y
A 2K O S VER YL B S, sRmerE
BEAT A AFMO et VR & iz,

5. TR
(WFFEFRAE . WFIE5 8 M ORI IE4 12
E 7Y

CdeREam ) (R 1 311)

@O W. Kume, Y. Tomoda, M. Hanada and
J. Shirakashi

"Fabrication of Single-Electron Transistors
Using Field-Emission-Induced Electro-
migration"

J. Nanosci. Nanotechnol. 10 (2010) 7239-7243.
HHi

@s. Itami, Y. Tomoda, R. Yasutake and
J. Shirakashi
"Influence of Feedback Parameters on
Resistance Control of Metal Nanowires by
Stepwise Feedback-Controlled Electro-
migration"
J. Nanosci. Nanotechnol. 10 (2010) 7464-7468.
HHi

(®J. Shirakashi (Invited)
"Scanning Probe Microscope Lithography at
the Micro- and Nano-Scales"
J. Nanosci. Nanotechnol. 10 (2010) 4486-4494.
HHi

@Y. Tomoda, M. Hanada, W. Kume, S. Itami,

T. Watanabe and J. Shirakashi

"Fabrication of Planar-Type Ferromagnetic
Tunnel Junctions Using Electromigration
Method and Its Magnetoresistance Properties"
J. Phys. Conf. Ser. 200 (2010) 062035. 5t

®A. A. Tseng, J. Shirakashi, S. Nishimura,
K. Miyashita and A. Notargiacomo
"Scratching Properties of Nickel-Iron Thin Film
and Silicon Using Atomic Force Microscopy"
J. Appl. Phys. 106 (2009) 044314. i

® Y. Tomoda, K. Takahashi, M. Hanada,
W. Kume, S. Itami, T. Watanabe and
J. Shirakashi

"Magnetoresistance Properties of Planar-Type
Tunnel Junctions with Ferromagnetic Nanogap
System  Fabricated by Electromigration
Method"

IEEE Trans. Mag. 45 (2009) 3480-3483.
Hwi

@ Y. Tomoda, K. Takahashi, M. Hanada,
W. Kume and J. Shirakashi
"Fabrication of Nanogap Electrodes by
Field-Emission-Induced Electromigration™
J. Vac. Sci. Technol. B 27 (2009) 813-816.
A

(® K. Takahashi, Y. Tomoda, S. Itami and
J. Shirakashi

"Control of Channel Resistance on Metal
Nanowires by Electromigration Patterning
Method"

J. Vac. Sci. Technol. B 27 (2009) 805-809.
A

©S. Kayashima, K. Takahashi, M. Motoyama
and J. Shirakashi
"Wide-Range Control of Tunnel Resistance on
Metallic Nanogaps Using Migration™
J. Phys. Conf. Ser. 100 (2008) 052022. #t5Hi

Pk (Gl 614F)

DS. Ueno, Y. Tomoda, W. Kume, M. Hanada,
K. Takiya and J. Shirakashi
"Field-Emission-Induced Electromigration
Method for the Integration of Single-Electron
Transistors"
International Conference on Nanoscience and
Technology (ICN+T 2010), August 23-27, 2010,
Beijing, China.

@ W. Kume, Y. Tomoda, M. Hanada and
J. Shirakashi
"Fabrication of Single-Electron Transistors



Using Field-Emission-Induced Electro-
migration"

International Conference on Nanoscience and
Technology China 2009 (ChinaNANO 2009),
September 1-3, 2009, Beijing, China.

@ Y. Tomoda, K. Takahashi, M. Hanada,
W. Kume and J. Shirakashi
"Fabrication of Nanogap Electrodes by
Field-Emission-Induced Electromigration™
The 2008 International Conference on
Nanoscience + Technology (ICN+T 2008), July
21-25, 2008, Keystone, CO, USA.

(XFE] Gr21F)
@D A.A.Tseng, L. Pellegrino and J. Shirakashi
"Nanofabrication Using  Atomic Force
Microscopy"
Encyclopedia of Nanoscience and
Nanotechnology, Chapter 287, pp.1-37, Edited by
Hari  Singh Nalwa, American Scientific
Publishers, June 2010.

©@ [iEE—

“ESE T ok AN FH2fil s vV a4
TEIERL SPM £ fk

T/ vV ar ot & s HER] (B
MEREE, v —x v —HR) |, pp.222-235,
2010 45 6 H.

(& fth)
R— Bl— U
http://www.tuat.ac.jp/~nanotech/index.htm

6. WFITHLR
(OE e =1

H#E 52— (SHIRAKASHI JUN-ICHI)
R TR« KR TLEFehe - HEde
MeEHFS: 00315657

O aie<
ML ( )

(I)EEEHF T

Ykt Z8%] (TAKEMURA YASUSHI)
FRIRENL RS « KFPPE TR 5epe - #d%
MeE®&S: 30251763



