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BEGVEER(T —R) FRERIHEE PR 30 FEVEHE

RHEREE % HI#H L 72 SrTiOs R b D B FeSe K OB E R DI

BOLfER, HP AR, Asger Pedersen, —/ B, Pl fik
http://www.surfnano.phys.titech.ac.jp/index.html

VAR, SITIO(STO)EM ic 1 == F A (1UC-)FeSe il % E#L L 7250B ©F 77K
RELFHIRE & T 3 EEXBIH S NFHZED TW B[], 23SV 7 D FeSe DILFHIRE 235 8
KThHarTelligdse, TNIFIEFICE G, TDETIE STO FIT FeSe # 2UC M E
BT 2 EEEPEHcE R b e, ZEI 77 2 ED FeSe TIHEE % iH <
TR0 CHBEEDOEMIREIMEL 783 2 &2 5[2]. STO & FeSe D R Hi 25 B nE
DIEIRE FFRICEETH B LB INT w5, BERIMICiE, STO OfEHRKIRIC X 2 FeSe
~DET F =7, HEREFREOKFAELEICL2EA, STO ODRME7 +/ VICX5ET
WAHAER R L2, SmuliBBREORIF L E 2 b TE72[3],

HIE, T D 1UC-FeSe/STO(LAHAE FeSe & £ ICH W THEEZE T ToEBRMGENIE
TlE 100K ZH 2 2 BIEERHER I N TV B[4, EE T VA A H(STS) A iEt
BT YE(ARPES) Tl 100K 2 2 G IZ I Ty, ZoMipe LT, STO ko
KNG DB L FeSe DIFRIGLMFOENR EREZ LN DL, TND OE—I B
& LT, FeSe & STO o FiE % HilfHl L THE FeSe #{FHL L. MInEiRfRE & O
ROGEMZ AL 2ICT 2 2 LITEETH 5, EFESTO R IFHER X GO, B D)7
IC X YA ORMHEREESEE L. EIROMETTEDOENTRR 2D D0 TE 3 2 &3]
LT 3725, RABHELEZ RHENICE 2 CREERE2EG L 2R chEITcoL C
213187\, FEEE TR 4 13 STOO0D)FEMR D 2 > DR HE G (2x1 &\2x\2) L ic HiJE FeSe
ZERLL . S ARED STM/STS HIFE IC X VAR ¥ v v 7O K & I B3R MG ITIRE L
TW3 e 2 HEcHID THEIEL 72(2x1 £ Tl 10-15meV. 2xV2 Tl 12-17meV) [5]s
INZEEE 2, ARBFFETIZH)STO(001)-c(6x2)ZK [ DIEFHL 7 iE DN & STM/STS IC X 5 %2 D
LD HJE FeSe DMIE X v v 7HIE, ()#mEZE T COESUREIERE R L ¥
EPTHIE I X 2 B8 FeSe DML EIRBIRYE DREEIRTE. D2 2%{TkR > T,

(1))STO(001)-c(6x2)ZR H D VFHL 7 ik DT & STM/STS I X % Z D LD HifF FeSe D{RE ¥
vy ZHE®EL, He, — 7 &L PR

I E T STOOO) MR DEHFLICEAL T, #EEZE T TD Se HZHX T TD 1000°CHEAEE
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TOMEE TR > TE 2, TDHETIIBERGHS
{7r3 EHEEIN/zD T, SEFT7ZICHEE%Z 107 torr
A LT, BMEFMHKAT CHREZMEAT 3 2 & CiFE
CZiT o7, AITEEROEK, K1 D X5 ICHHIEZ
c(6x2) A D FE T [A4T(RHEED) S % — v 2 Bl L,
BE FRISF 2 5k % WL L 72, 3
ZDXIITLTHEAL L 72 c(6x2)FKIH i 400°CT -
Fe & Se DlL#% 15 1Iff b, HIE FeSe Wil ZFH L. (ST(.)(OOI)ﬁi‘}iJ:@ ¢(6x2)
5K C STM/STS HIEE 1T/ o7z, K 2(LE)D X 5 7 b FEI 8] % 7 3 % 7[99 (RHEED)
KT T77 4 —BBZMELN, STO FERpT & H Lick
STV BT 2 HD FeSe il EL Tnwb L T
2 75 ¥ HiJE FeSe LA DI 8% L b, T E TD 2x1 2x\2 Fifi & 13 E 7 > 725K
EHX A2 LTCw232 89 -72, 51T STS THEPREZHIE L 2R, X 20H)iC
H5EIICFILHE FeSe THAICHBEDOL T, (&) TIEIEY—7ELRTNTED,
LATIC X o CETIRERELR > TWA I ERHLITR 72,
STM £t % X b FKific FeSe/STO- c(6x2 STOstep T
TV T o R BE 7 - , Bl 1UC FeSe (a)
ExITTR > 25 R 23X
THh 5, ETHHB#&OK
5 ICHiJE (a) & (b) DRI
TR A7 fEREA X —
YORZITHIHL DI
BxoTHY(E). 7—
Y =25 % L% L JE
P2 (@) TH o602y DT | e ainehon s st % . Y
I$3x1 L E7 o> Tz, . .
Z L C(aTlRBEEF 2 STOc(6x2) LD HifE FeSe #ifid b K277 7 4 — (K
Y IR E NG o7 BLUSTS 2A=7 P (h),
23, (b)TlE~10meV &9
HREF v v T8I N2, 2D X 5 IC5ME, D CTIT Wi O & FeSe THIn
BARHT2H0L LAV DD 2FEGFEL TWE T &R h o7z, ZOFIRE LT,
() THi DRI DE > ((a)l ¢(6%2). (b)iE 3x1 T RHEED _EiZ 3x1 »¥& — V% ¢(6x2)
KEEND 20D ZDMEILFL T BRI TE Tniz), 2)(a) 3oz L 7z 8 )E

INR—
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Bl 1UC FeSe (b)
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S0 U RIMEGE CHE FeSe #FRLIL . oD EMFEOME L EREILK TE 2 X
FSICLTW ZERHPETH B, 2D-DICIFE L ICKEHFHLOFEEZER L LT
bk, LAY FREEC 7 4 /7 YOS HIE L T, HEENREE D S HE FeSe @
BEEZFE L, MiREEEORFICH ThELntBoTni,

[1] W. Qing-Yan et al., Chi. Phys. Lett. 29, 037402 (2012). [2] C-L Song et al., Phys. Rev. B 84,
020503(2011). [3] 1. Bozovic & C. Ahn, Nat. Phys. 10, 892 (2014). [4] J.-F. Ge et al., Nat. Mat. 14,
285-289(2015). [5] T. Tanaka et al., Phys. Rev. B 98, 121410(R) (2018).
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STM/STS study on film thickness depending
electronic states in a-Sn/InSb(001)
Tokyo Tech., Yoshino Lab., “Kota Hiwatari, Shigeru Kaku and Junji Yoshino

E-mail: hiwatari k aa@m titech.ac.jp

Recently, localized states formed at the interface between two materials having different topology, which
are called topological insulators, have got a lot of attention. a-Sn (gray tin) under compressive strain is a
strong topological insulator "1 while that under tensile strain is a Weyl semimetal phase P, Multiple
topological nature of ¢-Sn is to be the material essential. In this study, we study film thickness depending
electronic states in w-Sn by STM/STS techniques. Simultaneously we have made electronic structure
calculation in «-Sn thin films based on tight-binding (TB) model using the TB parameters given by §.
Kiifneret. Figure 1 shows the electronic structure in a 84ML-a-Sn thin film with 0.23% compressive
strain. In the calculation surfaces are terminated by hydrogen to remove the trivial surface states. The point
surrounded by the red circle is Dirac point and the black dashed lines guide Tss-derived bands.

We prepared clean InSh{001) surface by several cycles of Ar spattering and thermal annealing in a
ultrahigh vacuum (Fig 2(a)). Alpha-Sn thin films grown on the InSb{001) surface by molecular beam
epitaxy(MBE) with a growth rate of 4ML/Mh at room temperature. The surface of Sn films (Fig 2(bh)) was
observed by scanning tunneling microscopy/spectroscopy (STM / 8TS) at 78K. In the presentation, we will
discuss on thickness depending electronic states in u-Sn by comparing STM/STS data and local density of

states obtained by electronic structure calculation.

0.2

b |

Energy (eV)

wave-numbers _ 50 nm _ _ 20 nm

Fig. 1 Calculated band Fig. 2 STM images of [nSh{a) and Sn thin film{b) surface
structure along [100] for the slab
of 84 Sn layer. The black dashed
lines guide TSS-derived bands. [l
The Dirac point is indicated by 2
red circle. [3

1¥. Ohtsubo, et.al, Phys, Rev. Lett. 111,216401{2013).
] A. Barfuss, et.al, Phys. Rev. Lett 111,157205{2013).
1D, Zhang, et. al, Phys. Rev. B 97, 195139 (2018).

[4] S Kiifner et .al, Phys. Rev. B 90,125312(2014).
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STM/STS study of electronic states on (001) surface of InAs/GaSh SL system
Tokyo Tech., *Shigeru Kalm, Tatsuhito Ando, and Junji Yoshino
E-mail: kaku@ss.phys. titech.ac.jp

Since InAsz/GaSh heterojunctions have type-II band lineup, their quantum well systems(QWs), in which
the lowest electron subband designed to be lower than the highest hole subband, can be 2D-topological
msulators(T1s) with 1D-edge states. Although the properties of the edge states m the (QWs have been
mvestigated by transport measurements[1] so far, the real space maging of the edge stafes 15 still missing.
Although we have measured electronic states on a (110) cleaved surface by STM/STS techmue so far[2],
it 15 impossible in ponciple by this method to evaluate the spafial locality which is one of important
charactenistics on the TI edge states. On the other hand, if one barmer of the InAs/GaSb 5L system could be
exchanged from AISbh to UHV as shown in Fig. 1, the STM/STS probe could access the electromic states
from the (001) surface, so now we are based on this 1dea and challenging to measure the spatial locality of
the edge states.

Arsenic-Cap/InAs(40ML) (GaSh(2 IML) InA s(40ML))+/AlSb structure was grown on a n-type Inds-
(001) substrate by molecular beam epitaxy. The As-cap layer was decapped after transfer to a 5TM
chamber, and then the sample was cleaved i UHV, so that we can obtain atonuecally flat and clean (110).
(1-10) and (001) surface(Fig.2(a)). The sample was cbserved at a low temperature of 4 5K using a STM
system with a W-tip in UHV(=2 = 10-"*Torr).

We successfully obtamed dU'dV-V curves on a (001) surface as shown m Fig. 2{b). The step-like
structure clearly demonstrates the demsity of states m a 2D system. Since the fop layer 1s an InAs layer.
STM/STS observes the wave function confined in the InAs well. Onsets of each step can be identified to be
the bottoms of the ground 1% and 2* subbands, respectively. Figure 2(c) shows the energy distnibution of
IDOS profile taken along the line shown in Fig.2{a). In the presentation, we will discuss the LDOS of the
TT edge states based on dI/dV profiles taken at the region close to the cleaved (110) surface.

probe
BV pel schemati ik 1
1Z. schemanc = — (c)

Lt sdzestste E‘d gsmte view showmg a =02 T
Inas/GaSh SL sample  struchure @ 0.1
| A156 | and the idea for 3'} o
TnAs(001) Our experiment. 5_“'1
i
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. EILEZ - Xt V. ]

201301R(2010).; I Knez et al, Phys.

Rev. Lett. 107, 136603 (2011); E. M. Fig 2 (a) 5TM mmage on decapped clean InAs{001) surface
Spanton et al, Phys. Rev. Lett. 113,  measured at mside away from the sample edge. (b) typical
026804 (2014); L. Du st al, Phys dI'dV-V corve. (€) LDOS map obtamed by dIiAV-V
RewlLett 114, 096802(2015). measurements along the line inserted in Fig. 2(a).

[2] . Kaku et al §a-4413-12, The 78%

JSAP Autumn Mesting, 2017,
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MBE 31Z X % Mn #/0 InAs/GaSh ~7 a2 i#& DIER
Mn doped InAs/GaSh grown by MBE toward 2D magnetic topological insulator
CHE R, ik B0, WE (L MIARET)
“Takahito Ayabe!, Shigeru Kaku?, Junji Yoshine! (1.Tolyo Tech., Dept. Phys. )
E-mail: ayabe.t.aa@m. titech.ac.jp
Quantum anomalous Hall (QAH) systems, which have been realized in magnetically doped thin film
topological msulators, are of great mterest becanse it can produce dissipationless conduction without
applying an external magnetic field Although QAH effect was expenmentally confirmed m (Bi, Sh):Tes
doped with Crin 2013 for the first time, 1t requures extremely low temperature as low as 30 mK to realize
the QAH system'. By analyzing the band structure using ARPES and observing the appearance of
magnetic domains using a magnetic force microscope, the reason why temperature 13 extremely low 15
still under devate. Meantime, it 15 theoretically predicted that QAH system can be achieved in Mn doped
InAs/GaSh QW system at 30 K in 2014 *, however experimental demonstration has not been done yet
Ohir electronic structhure calenlations based on a 8 band k - p model demonsirated that QAH systems having
the bulk energy gap as large as 15meV can be achieved in magnetically doped InAs/GaAs QW systems’.
(Fig.1) In this study, to achieve the theoretical estimation, the heterojunctions of IngsiMng eeds (20 nm)
{ GagsshingmSb (20 nm)/AlSb (500 nm) were grown on GaAs (001) substrates by low temperature
molecular beam epitaxy. Anomalous Hall effects measured by Van der Pauw methed reveal that the
sample 15 p-type femomagnetic semiconductor with Te at around 14K and easy magnetization axes are
perpendicular magnetic anisotropy, which is essential to achieve the edge state on the =110= and <1-10=
cleaved surfaces. (Fig.2)
By optimizing the sample configurations, STM observation on the cleaved surface to demonstrate edge
states will be also examined®

[3-]

-
a2
2 Hir [01]
W e e e e 6w 1w
| Maatia Maelc]
k1101 Fig2.
Hall voltage measured at 10K
InMin Ao GaMinSh ALSD shows ity sasy
magnetizaton axe o parpandicular 1o
Fig 1. Elecmonic smwonmre caloulated by k-p 8 band modsl Bt thea smrfacs.
Periodic boundary conditions are put in the wertical ETELCES. )
direction. (a) and (b) are edze startes. There are chiral edze [[}?1]?-3;5&‘_“% 2 -’1]- E;hﬂf;g“if {fﬂ?w o1 1)
stabes around the sample. (A) comesponds o (a), shows mg-L= Wang et al, Phys. Eew Let. 114, 13701 (2
that the slecironic state moving i the pesitive direction [3] The 78% ISAP Aurumn Meeting [7p-FET-34]
along <1-10c- direction. and (B) shows the opposite. [4] The 75* ISAP Awtumn Meeting [Ba-4413-11]
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STM / STS measurements of Mn atoms in Group III-V semiconductors
Tolkyo Tech., “Miyuld Ando, Shigern Kalkn and Junji Yoshino

E-mail: ando.m.af @m.titech.ac.jp

Diluted magnetic semiconductor (DMSs) are semiconductors doped with magnetic atoms. For practical
use, it 15 necessary to clanfy the electronic states around the magnetic atoms. Fecent scanning tumneling
microscopy (STM) measurements revealed the hole state bound to a Mn acceptor in III-V semiconductors
such as GaAs[1], InAs[2?] and InSb[3]. It was shown by STM that the hole state bound to a Mn acceptor in
II-V semiconductors has a strongly amisotropic shape which is even more pronounced at cleaved (1100
surfaces. This amsotropy 15 caused by the stran field of the surface relaxation and the tip-induced electnc
field[4]. Also, it is known that the appearance of the 5TW image changes depending on the depth of the
acceptor level. At a fixed depth, the charge dismbution of a deep acceptor, such as Mn in GaAs and InAs, 15
charactenized by a bow-tie shape whereas the shape of the charge dismbution of a shallow acceptor, such as
Zn m GaAs and Mn in InSb, is tnangular.

In this study, we focus on GaSh:Mn which had not reported STM images so far. The binding energy of
GaSb:Mn 15 smaller than that of mAs:Mn and larger than that of InSb:Mn. We predicted that the 5TM
image of GaSh:Mn appears more tiangular than InAsMn. We grew InAs:Mn and GaSbh:Mn on a S-doped
InAs substrate by melecular beam epitaxy. The sample was cleaved in UHV and was observed at a low
temperature of around 78K usmg a STM system with a W-tip in UHV{(~10-"Terr). For comparison, we also
measured Gafs: Mn. Fig. 1 shows typical
5TM mages of Mn atoms m GaSb as well

st Ind 3rd 4th Sth
as those in GaAs and ImAs The STM Gads .!ﬂu
image of Mn in GaSh is rather diffused !
compared with those m Gafs and InAs,
and the STM image of GaSb: Mn has a o>
trangular shape as expected In the i
presentation, we will also discuss the Gaﬁb'- nn
W ;

difference of energy profile of local density

of states obtamed by scanmng tummelng  Fjg 1 STM images of Mn in GaAs, InAs and GaSb. at
spectroscopy (ST5) measurements. different layer depths

[11A. M. Yakunin et al. Phys. Bev. Lett. 92. 216806 (2004)
[2] E. Marczimowski et al. Phys. Bev. Lett. 99. 157202 (2007)
[3]15. J. C. Mauger et al. Appl. Phys. Lett. 107, 222102 (2015)
[4] 5. Loth et al. Phys. Fev. B. 77. 115344 (2008)
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STM/STS observation and electronic structure calculation of Mn in GaSh
Tokvo Tech.,”Takashi Tatsumi, Mivuki Ando, Shigeru Kaku and Junji Yoshino

E-mail: tatsumi.t.ab@m.titech.ac.jp

itk b PR T2 F—7 Leb O Tho, ZOHEAkOEZDIZ, B
MR AEOETREORBMOLERIEETSHS, ZH £ T Scaning tunneling microscopy
(STM)Z Fiv T, GaAs[1], InAs[2], InSh[3]F @O F O Mn B~ 5HTED, MniZHEESLZELL
KEREEEERNICL2BEAMECEHICL2EESIc L THEVWERFEERFS LT T
Wa, ¥z, ZORFEIEERTOBH AT IEfo s LY —LBERELTVWS LiEES
NTWa, bt FET FLF—035KEV GaAs & InAs PO Mn TiE, EALEEBILIEFR
Ry FABERL, HETRAX— I InSh 00 Mn TlE, [EEERF—TREIZL DS
HEEMOFRFZITLER, ELRBILVESHLZ=AF LS,

2 ix, GaSb D Mn TlIH#E— /L F—H InSb FD Mn LiFWZ e, ZAEO STM H
BABonL L THELT, EERICERIC L VERE LZ[6). SEIT, ZOFEAFREORNE FHE
T FF— L OERIC20 T Tight-binding 8- L 5 FE4{T-7=, Tight-binding FHHI% 2 2k
OFFETLOHEEREEET LB RERIEER V., AT A—F—[L Ref[TNEER L7, {E
LI =7 B Umerski |2 & 5 §HE & Dyson 2R
[BlERAWTEREO Y Y — A RS, REO RBATHIRERE E
EEHE LR, ¥, ZRTEEOESEOR EICRS Lz
wh(Fig. 1), dUAV-V BIFEIZ L D GaSb 10> Mn B %5% L < M~
fz. GaAs & InAs > Mn BE{L|{T Mn F—7 @RS I2IET 2
A% [2,9]. GaSb > Mn Tit, FEAKEHIIME TE o
=, E T, R ES R CERNERE A TERET D,

Fig. 1 5TM image of Mn

[1]A. M. Yakunin et. al. Phys. Rev. Lett. 92, 216806 (2004) in GaSh{ 110)surface.
25
[2]F. Marczinowski et. al. Phys. Rev, Lett. 99, 157202(2007)
= 207 Mn level

[3]8. 1. C. Mauger et. al. Appl. Phys. Lett. 107, 222102 (20135) E 15}
[4]C.Celebi et. al. Phys. Rev. Lett. 104, 086404(2010) ‘%" 10}
[5]5. Lothet al. Phys. Rev. B 77, 115344(2008) % 5t

- of
[61% 6 5 [EliE AR S B Ak E =1 Tp-P10-2 . X . .

0.2 0.4 0.6 0.8 1.0 1.2

[7]B. Boykin Phys. Rev. B 56, 9613(1997) Sample bias(V)

Fig. 2 dl/dV-V curves obtained
on three Mn atoms doped in different

[9)]. K. Garleffet. al. Phys. Rev. B 82, 035303(2010) layer depth from the (110)surface.

[B]A. Umerski Phys. Rev. B 55, 5266(1996)
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STM/STS study of electronic states on GaMnAs(110) surface
Tokyo Tech., “Shigeru Kaku, Takahito Ayabe, and Junji Yoshino
E-mail: kaku(@ss.phys.titech.ac.jp

The diluted magnetic semuconductersiDMSs) have attracted nmch interests because of their
remarkable properties for fohwe spimtromics devices having both magnefic and semiconducting
properiies, and good compatibility with conventional semiconducter technologies. Although GalinAs
iz the most investigated ferromagnetic semiconductor, its bamd structure and the origin of its
ferromagnetism are still under debate. According to the p-d Zener model[1], the Fermi level has been
believed to exist in the valence band (VB). On the other hand, according to the impurity band (IB)
model[2]. recent many studies have conclnded that the Fermu level exists in the Mo-induced IB inside
the band gap. Contrary to the both models, the nanoscopic study[3] have indicated that the Fermi
energy lies within the range of electronic states that are spatially inhomogeneous so that the
explanation for the electromc states with any simple model is not suitable. In the repori[3], however,
the consideration on TIBB(Tip-Induced Band Bending) effect was lacked. In this presentation. we will
discuss on the electronic structures near the Fernu level of GaMnAs using by a STM/STS technique
with considering the TIBB effect. We prepared a GaMnAs film with the Mn concentration of 5. 7% and
the Curie temperature of ~40K, the thickmess of 2100mm The GaldnAs was grown on a p-type
GaAs(001) subsirate by the molecular beam epitaxy. The sample was cleaved in the wltra-high
vactum(=1 > 10" %Torr) and the (110)-surface was observed at a temperature of 4.2K using by W-tips.

The dI'dV image cbtained at a negative sample bias(Fig 1(a)) shows a ring-like feature, the radins
of which changes depending on the sample biases(Fig. 1(b)). The similar rings have been reported on
subsuwrface impurtties such as 51 in GaAs[4] and Mn in InAs[5] at a positive sample bias, and reported
on top-swrface layer Mn in GaAs[6] at a negative sample bias. These previows studies have reported
that the ring featnres are due to TIBEB. These studies hawve also explored the relations between the
Fermi level and impurity levels (and the VB and impurity levels) by analyzing the ring featires. Since
GalinAs has both subswiface and top-suface Mn, which are comresponding to both cases, we will
discuss the electromic structures near the Fernu level of GaMnAs, focusing on the relationship among
Fermi level, VB top, and impurity levels.

Refarences: [1] T. Diefl et sl Phys. Rev. B 63, 195205(2001). [2] S. Ohya et al Mat. Phys. 7, 342 (2011).
[3] A. Richardella et al . Science 327, 665 (2010). [4]K. Teichmann et a1 PRL 101, 076103 (2008).
[5] F. Marczinowski et al, PRB 77, 115318 (2008). [6]D. Lee and J. A. Gupta, Nano Lett. 11, 2004 (2011).

) (b) Figl(z) 10nm * 10nm dUdV image
1 measured at a negative bias of -0.2V. The
green arrow shows the radius of the nng
1 feature centered on a Mn atom. (b)Sample
bias characteristics of mnng radmses

2 4 s  evaluated at the several sample biases.
Ring radius{rm)
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BEoFiEESDOEFIREEHEE DR
BT AR RO - PHIPEFICE — @k
HP: http://www.chemistry.titech.ac.jp/~kiguti/

FEE] Ho BBt/ v v 7 ZERICHIE S oiE L b OB eI, MUNET~
DISHAPHIFRFINVERZEDO TWD, —F, B FHEETCIEIN F—@R O R mEED b &
WERIREE 72 EOMMEICZ R EEE 525, 200, BINETT A A~OIEH~
M T, B rHEEOBERB I OETPEOD L XOBMENRRD LI TND, & 2 TR
%2 ¢l STM-BJ(Scanning probe microscopy -based break junction)it & B EE (I-V) #HilliE%
MAGORETES THAOEHREOFINEZ ML L, B T HEEOHED L ERE IR
REICHZ DB EZHO/NITAZ L2 AME LT,

[BLA> T ATERK - REWHER DAEHA] STM-BJ 1512 & makingi®F2 breakingi®f%
W 4 E M o [E 1C 44bipyridine  (BPY), = ' |
1,4-diaminobutane (DAB), fullerene (Cgo) % 2845 & 1
T tHaEFR L, B 8EZE L, M1
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B9 A2 (breaking MBFR)Z 35 1) DR E LA D445
%9, making BRI T, BHEBER DV DAB
T FHEA IS D i IR BB S
EHEBREZ B BPY, Cq Tl 107~10°G(Go=2¢%h)
OO LIV M 5 BE BRI A3 AT 23 8L S 7=, making
WIS D0 FREARICIE « 3541 & EMm &
DFEBTERNVETHDLEEZOND, —F,

breaking i@ F2 Tix DAB % 107G, [f&ERAEA R L
72, BPY TiZ 10~102Gy | DAB X v . FHEEIZ %t
L CRERREEOEE/RT 2IRFE, £ LT Cg
Tl bilcalmgEL bz 3 2 REN
10%~10""Go DRI LI S 7, fZEE DA ITSy
BN EOBEEE ML TS EEXD
N5, DAB 1XZHFAIZ/IE LI INLE A%k 297
LCEMEHEE L TWDDIZH LT, BPY, Cg lx 7
BFEROERFEL LIz aBEFENM L TCEMREMSEES L
TW5, ZOfESR, BPY, Ce X472 R mtiE 2 R
L, HEOREREERELZ T EEXOLND,
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log(Conductance/ G)

log(Conductance/ G)
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Btk 2 35 v AT A &R L
EAERAE S BB ICBL = 7z
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> 72, Landauer BERIZEEDUNZ IV
FREDREHTIN G, 31 & BRI OE
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A OIREE O R EE
(logG)iZxtd 241 > 7Y o T EFD
ZAb & | A= RV F — () DA
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PLICD = SR T TS -i)E(F'ﬂog?&@n&ﬁﬂ;ﬁ@Eﬁ;x 9 ([)Ua%fj@ Dt A |
2 OBH(GO)KIMIRIBEIZIIIE 75 1, (4 HDAB, BPY, (Ce DI F1F— L
LTWo, EERAERICOWT, ik o 2D v 2 75 4, F4&HIO Distance |38 MR
HEEC T T s EICHERT %@@%ﬁﬁ_ﬁmbﬂw (WMBmmwomw
%5 L. DAB RO i E R L, B %%Awﬁ%f ﬂ?é > H0E R L —
BPY, Ceo [HHE D VN3 % % LT fh@@nw SR
Wb, ZD XD RERN I T OXEE
I TEEE OB & ARy F—E B A mEEDOENERL TS EEZ N5, ik
PRBEIC kT2 ¢ OEFFIENCEH TS L. BPY & Co DMICHABRZENH D Z Evbns,
@%ﬁ%@%M’LkﬁoT\BM“@igﬁﬁ&LTDé@KﬁL{gwa@gﬁ%mb
TW5, BEGFHEIC LT AR5 2D e 1/ &< 2D, Ko T, BPY TlXfhsERAE
oML EbIT e 75#@69@‘6 EEZLND, —F. Ce TlHBERBEO N > TH 1D
WAENENKE b L, BT S EMALICBEIT 5 Z & NBERFHE L B
725 72(X 2i), Ce TILZ D& 9 2 fsRIRBEIC 33 2 WAERE D Z LI LT ¢ 2380
LHEEZLND,

[FEam] STM-Bl & & 1V GHAE A/ AA 5 Z 12 L 5 T, BPY, DAB, Cg 72 E D43 11

WTHF A OEAREOLE L 2 EERAVICHE X DFHITEZ B L7z, B ??ﬁ/\@ﬁﬁ
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EHBIRER (EtDTET)(TCNQ) DBEEER LB

3 EA (EtDTET)(TCNQ) 3 HEETBEEZ R THI BV F— - 772 75 —ROYETH %
(K 1(a)-(c)) [1]. FERFRZ B+ —23F EtDTET I3 head-to-tail T o7 ANCHRIE L CE D, 7 AlIC
SHANEHDIH 27D Ny FEMED 613 2 Kou % 7 =V STHI% 5 (K 1(d). —77, TCNQ 71
2 BIED a — b TANC 1 ZOGHE R L TE D, NY FEME2 5132 0.13 eV O Y FiF (K- —
J&1Z0.96 eV) & 1 XICI% 7 )L SEBH STV S, HEEDS b -7 P — L oEMBHEZ
BXZ05THBI NS, TCNQEIZFYA~—1D _ﬂﬂv V71 DORMET %54 v —F v iz
DOHREMEDE C, BEMHIE P F—E@ o Twa tEZ 6%, 2% ), BIEEOFBIEMKICY 1 < —
Ty MiRiETH %2 TONQ BORTEAE Y HBHRL T 5 2 LR N5,

@ () I —CI-C ”z>=®=<§:

E(DTET TCNQ

1: (EtDTET)(TCNQ) Dl (BB Dbl #1 IX %) E 2RV F— "V PG, (a) ac R,
(b) FF=RE& (c) 77 7Y —JE. (d) ZRNVF =V FlEE 7 2V S, FF—JFD v Fore
7V IHERET, 7727 —BOLDREOTRLTVS, FHF—BItBUA 7 v A7 7
31ty = —195.9, tye = —166.1, t, =55.3, t, = —44.1t, = —-13.9meV TH Y, 77 7¥—JgD
F 7 VAT 7 =BT by = =195, tee = —3.6, t, = —56.5, t, = 0.5, t;1 =0.3 tgo = —0.1 meV TH
% (VR4 DR & FHEL).
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1. IIC®IT

A vy aTREEEAT D 4,B,0,13, i
BN — oD% A N2 hDHBEMA 4
WCEBETDE, 4,B,00 L RTENTED [K
1 (@)]. OB EDLHA ML, ZHEEEZFRET
BOG\ERDHBIAFAE L TV D72 ZERIT 72 Y BT (@) /A 10 BT (b) prif 5 1T O
LTV, DD, ODROVICHTFALEZEN 3 ) TRAE Ay — RIS 4D F AL BB LZD T
THIEBAETHS. FEHL RV, 09 v MY TERBIE LS.

MIRERADTF AL EHEANLITLD A BT AV NERITKIE LTS (0,8,064°) BMFFEL, p—X
AuazuaT7RfEEE LI Tnd (K1 (b)) g~ vy a7 AEETIE, BIFMICKE 2 0o
NDZERE DD ADF AR, Ty b7 XIEND TR 25 X EZ L, sz
S TEWAERSCBEGERE N RBILT 2 2 LRI LIS TWD [1,2].

CsW, 04 1Z p— A 17 u T HIlEE 2 & DD I W BB O — 2> Th DM, GO L b
HEERIIHAONTE ST, ZoWEICET 271X 2011 FEOZHE RO YIMEIC BT 2 it AR
S>TWz [3]. ZOWMEEHDH E, 200 K i TG 2 11 5 G R E (MIT) 23 2
L2 ERHLMNIENTNWD., HRICTHEEIND Z O MIT OFBE#EIL, W ORI T-MikiE
(5d*) % & @R O 4 BN ER REIME (5d°/5d") 12 K-> TIRIRM O AMICiEE T 5 2 LT
HAHH. LrL, BRAELOIMII A HER I TRV, A - A - #uBEO B B M
KRB DT T T A ML —va v ORRIZE - T, S a s a7 BEED Z AR EOwERES v Y
TRRELTDHEND THELH D, ENRZ VIR & ST 5. 2016 FFO 5 —JFBLFHH O 45 T,
X v U7 F—E U7X o TRIRB ORI 2 89 2 & TIFUERBL D MBARERIZ 72 2 ATREME DS
BfEnTns [4]

AWFFETIE, =EFF v VRIS E > THESERZ G L, BEOEETF2EICE-oT g
A B 7 a TR CsWy0s D MIT IZE DDA E EOREEZMFEHTHZ &2 E L.

2. HERBEEROGKE MIT O

G EAR EIC B 2RI o X T Uy LR SE D 2 LI kY, BRI R L E R
fEEH IR HIC AR T D 2 N TE S, Faxlk, 7LV A L —YHERE (PLD) % VT CsW,04
DHFEHEEO G AUTI Y AT, BRx REREHEZRFI LI & 24, HEROEM A RRE TIEARH
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2. CsW,0q Wi DREEREMT. (a) 2000 AF ¥ > (b) 111 R D 0 ZF ¥ 3. CsW,0 DIRFTR OIR FE R A, 8
() 662 EF itk -22f~ v 7. (d) YSZ (1)t & DO¥s 7365 B2, I s ERES B pRERERT.

REZ2 RS B O A I AR ED L7, YSZ (11D FER BT S 72 CsW,06 IEO X #REIHT S 2 — 2 006
X, DTN ELE L7 B p— 3o 1 7 1 7R CsW,0, D BB 72 SO B — 27 D3RR S 41 [Fig. 2 (a)],
ZORBHEDIIE CH D1 v F 7 —7 DA 0.14° 27”7 L [Fig. 2 (b)], mWisamtEE AL
TWDHZERHLNE R -T2, ETo, FEPREATRIEIC L > THEHA b ZERIZE M L o 7L R
AA OB/ THD Z LN o7 [Fig. 2 (¢)]. T, #aBREED YSZ Btk E p—"fna
o 7 RIREED CsWo0s Z (LD HME T H LIZH O~ v F o 703k TERWI & 2 KBk L [Fig. 2
@], BEFe~T oo Xy VEDREBR LD EMINTE D, £, ZTOEWEEmMEE X
e U CBEHR A 135 T EE D S SUmE N & B 72 S
MIT B0l S 7= (Fig. 3). & 1T, h— VIEHIRoHE @
SARPLOB RG22 A, MIT 2F7201T I rJ
MK EERNGTEET 5 ERbholz. THET
(XFERENE R D & H NGRS~ DR & Al ST

Intensity (arb. units)
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3. BEEEEFLNIC L DEFIREBOMH
1R R L T — IR R IS0 T, L
T3 JEHITELS XV FEFIRAE O ) 22 B 2 FA A 7

Intensity (arb. units)

MIT % 72\ TH ALY MAOIREREICER L. A

E9, T ESRORAREE T, 7 =L R (Ep) /O
Cs 4d
Core-level

EORAEAERIEZ L THEL (300 K) - Bk (120 K)L A/
[Fig. 4 (@)], 200 K 30> MIT % BT BB L7 50 AVARERYAYA
s .
BET L, WA NER RS F L7 b IR 0 Binding energy (eV)
_:am§%?2<wa%zk[mg4@n :%mwmﬁ—> 50 4, CsWa0 SO (2) fIiSEF-H (inset: £y SE45)
WO WHISHIE L TN 2 b DL EX O, TOMITIEL () warpsiik (o) Cs4d i A< FL.
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RATRFRREEIC & > 72 WRTFA W e wo
«\%ﬁWWWB%E’LJOﬂé’kaH%ﬂ’
S7-. =77, Cs 4d N AT FIVEBET S L,

Cs JRF13—2D Wyckoff fLEIZAAET 2 MM T g¢
FETHDHITH)ND 5T 300 K TEEIZ 2 /sy ?%QQ$QEF
E~7ﬂﬁ@b,ﬁzhm:&m%@t—7#§ - ;
LD STV kD RS S ©.-© @ ©
T A e “;mmmpe . @
BB DT OB E—FLL [S], £ AL DT
v RV TEBDA S AT ETTT sy nrm cowa0, B 5 B
ft- = ~—ULEIBND. TNHDORR B WYRTOERNEL CSDT v k) v SEBEL
BRAET DL, CSW,04D MIT 1Z W A oo CHEDIREBLED.

fiAREME Cs A FDTy MY o TEBOZBRFEROWEBE LWEFHIEERE THL L WVWZ D
(Fig. 5).

Electronic conduction

5d° WS

4. FLHLEBDOEHE

PLD 75 % H N 7= MR R B 2 B 32 = LI LV g3 v 7 v 7RI CsW,06 D & il B H G
PRI P CAKT D Z LIS H Lz, £/, EEE AW RETOERIEICL Y, CsW,0,
X WWOERMSEEE CSTOT v NI U TEBENEOOW MIT 27772 LVWWETHDL Z &
WNinoTo. I 2 TR T IEl A I A Bk, FAR ORI, RE R ORE, A/77—E®
A, ZEMEOHEMAFELZBELUC, SEIERYEASR~DORERPYRIIND. £, WEOD
#ﬁﬁé%ﬁﬁ%é’a HBINT D FEEMAEDLEDL Z EICE-T, SFETHHTLIZENTE o7
ez B OB ORI ZfEE AT Z RIS S.
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ERFIRFEZAWVZHB RO RILT AT — ETIANILY EIRSE

1. Ex - BH

B & SEOBRGER T 5T T~ (THZ)EEHA I T « A A= 7 sl e P S £ &8
FRISHPMERSIVTEY | SBROFBBPIRE SHIFFSNL 0B CTh D[], =737 Meae—L v MR,
INBD THZIGHDF—a U R—% 0 b C, BT AL KT/ ADW 5B IIROBZEA T T D,
HT 7 M ZACITEA T A — RU—W2H4]73, £, 77 A TiX HBT, HEMT, Si-CMOS 7V A
ZEZITCND[E), [6], B kL Z A A — RRTD) b =i THz YHROBARIOONE O TH Y [7]-[15]. 1 THz i
R DFARPFIECY 7 IV Uy o@D ERIZBOTER ST D,

iz OISR < FAV DIVH IR VEREGEH CRRER 0376 rTREZ R THz HEASRD LD, Tk A
2y N7 7 AV RTD BiRes Clk, DA 1y b7 U7 FOEAEK CRER S IROBRADNRE S,
BEECICT 7 g Ly m BB T2 2 & CHBUAHI L 198 THz DRIRAFFTUND, L LD 6,
ZOATy MEETIIHEMEIRLTIIRTD LAy M3 L TV 7 ) v G OBGIERCE T, =
LA EOFRRE R LR SRRE Ch -7, 207, ARl ARy MEECOEWERASTIZ Hig L.,
Zeidt A FA N 7 i IRAR S AR ES T 5 L T, FEIREHERLAA T\ M7 S8R0 0° & SRR EN F A
R L= DO THET 5,

_RYBATUTS
- \
f//—*\ ‘ \

GND Bias;

Fig. 1 Z=ii4LES %2 V72 RTD 7 7 ~ LY SRR DA% 1

2. RSO
Fig. 1 IZHIESROMIEZ~T, FBIRe X RTD & MEF OZERILRES THKR S 1L, MIM v /30 %
ERNLTCRIEALAT T F EHH SN TWD, RTD 1M E 22RO R CBLE S v, Z2iRAE S CF
WA S 4L RTD 12D Z LI L 0 IR TER S VD, RTD OFf Oy Atta %7 2 A
(NDC) mEBEAEROERZITHHT Z LIZKVHIRL, BIRFAEBIIILRSRO LC /& RTD O
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REICLSTREEND, £72. MIM X VIRNEBHEZR T2 AT T HIC Lo TR+ 2 &
T, MBI H L A2TT 9, T2 RTD DAV HEE /NS THIEE RTD OFEN/NEL R
L= OREE W ENT EHT 22, FRIC NDC b/h &<z, AEREILHE R /MDLEZAT
FIRBEAR 2T 2 5, MEFROZERERGSHEE L, HRkoRAay b7 o7 FEREEE < 5, RTD
B OEFREIEDIE)IA < 72 D ARE - (RER LT 5720, SEAEEIRDHRFTE 2,

TAA ZOERNL, 97, RTD EH#EEN = B IR RTD @ EEEmAER L, 2h iz~ X
7 ELTY 2y hmyF U T T2 LK AV EEKT 5, TD%, RTD O FilEMAER L, #
FoyBfEE L=, MIM ¥ /83 % L7p % Si0, & P-CVD % AW TIEALT D, KIZ RTD A H OFEEES?
T S ROESY D Si0, B2z L, ZEPIPMGI/PMMA @ 3 JE LY A h B35 Z & T, Z2RE5y
& MIM F v RV ZDIEREAT 5o MERLLTZT A ADOE AWM EE % Fig. 2 (R, 22iFES
BRIZIZ L P A MBREHORNDZENTNDER, T Zb, RTD &85 2 BMOIEREGE S R5 Z LN T
x5, Fig. 21279 &350, @S 2um OZEAIRGS DR CE 72,

FEIRE AT 0T 5 RTD A Hifg kMo #iEn & F2r % Fig. 3 129, RTD O F#MEIX Fig. 2 HIZR
T THDH, AMEE TORKOFBEEE L 178 THZ TH V| FRE&RN 5 2THz 2 X 53 IRIT45
SR T, MREZEREESZ AV RTD BIESROMD TOBEICKREI LT, ER LT
A AT, RTD A B OEEENIT KR LT, IRER & Bfpi 3 2 BN K& < | 1T EZIT L - THRE
IREAEREDNRAE L2720 BIRBREEEDNME T LB 26N 5, 7 at AOBRMAREIEIZLY
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TR EFR/DTFHEE
FRK 30 SEERT SRR E E

ERETHR D
WETURRE, KHIEEE, BPTH, WO, RIS, TR

http://www.quantum.ee.e.titech.ac.jp

[#55 - B
WA, B VR AR AL C B E A TO B2 B a— 203 K& eiE

BEDTCND, BFaLEa—FEEH T 501003, B PR ERSDERETLOILEN ST
IR BRI AR 2 0B H D, B HRLEA ) ey o
AR EUCRE % 7 BRI FE D5 G L 705 CODH, O TH Y8R B Ry M O B A
UE, RO ae— L R A RO (~10 ps), MERAIZ/NEU(~50 nm), E#H/2 & B vk
BAENATRE THH(~10 MHz), LW 7RIS BA LR ESHBFZEN KA T TS,

AWFFE=E T, silicon-on-insulator(SONJ&Ak EIZ@Emz oW, A4 K7 — M EE/HE L2
BFRY NS RZERL, VY a AV EFEy MEBUSWT 72 SR EIR OB R0
WELOMFIIZE Y A TV D, &Ry MNOBE—OEBER AL N EAE Y NMIXHE T 5720, &
TAERLIRAATO- O, BERE B LT B Ny MEEZ (ERLT 2 BN 0D, ARFEE I 1 KT
B« 2 RITHCHES L2 3 HEF Ky MIQD)H OE ik v U OfthfEic L2 A7
oy r— REGPSB)ICOWTHT, £72. 2 EET F v MDQD)H D IEALEEICB VT
FRROBLRIZOWTIART, SHIT, AV VFGAH LIZHT, 73 ZADFEL 7Y > bR
FICHYRIR CEMERTRE e bRER A ER L, oY ow v 7 A LEEIT o7z,

[YVav3EEF Ny NEBITAZNFMAV I ALY Tuyr—N]

kDA BA vy hOILRIED H BB LD -0, B - &+ > MEICE)
S RIEEEHAEER OMZE RO TS, EAO 3 HET Ky MLTQD)IX &K EEFH A 1F
FIZOW TR B O/ NN E L THFFEDRRIZ 2> TnvD [1],

ZOWFFETIEIn BT U =22 LTQD (Fig. 1) [2]% 4.2 K DIKIRE FiZRBW T, ¥ A K7
— MTEEZNT L2 LR ZORMEEZTI~T, 3B (CS)E AW THEMMIKE
ZEXZRE LT (Fig. 2@). 3 FEOMHEOMNAHND Z Linb, LTQD BRI 11T
WA ZENHERTE S, By 72 irLC, o AR clbziEs A O LTQD %
ML EMEZRET S E DQD TH.HID K 5 72 PSB fHIKANIE/SA 7 A DRFEL X 7v7z
(Fig. 2(b), (c)). —7. D AKE CHEDILZE B TIXIEAM S D/ A 7 AEH T PSB 8
MBI T & 72 (Fig. 2(d), (€)), Z D X 9 722X 17 PSB 1L TQD FFEDOHAETHY ., DX
IMBIG AT 2 RT, Eio, 42K LW EWIRE T, B L7 OIXAMZEA 5L TR
DTORERPITH L,
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Fig. 1. SEM image and schematic of an LTQD device. Light gray
areas indicate patterned SOI, while, in dark gray areas, buried oxide
(BOX) layer is uncovered.
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Fig. 2. (a) Derivative of current through the charge sensor as a function of Vs, and Vggg
(Vrg =12V, Vpcs =8 mV, Vprop =55 mV, Vsees =-2.6 V). Charge transitions in each
guantum dot are observed (yellow, red, and green slopes). There are two set of triple points
between middle and right dots (A) and between right and left dots (B). (b), (¢) LTQD current at A
as a function of Vg, and Vgqr with positive and negative bias voltage, respectively. Pauli spin
blockade occurred for the positive bias condition like a DQD. (d), (e) LTQD current at B as a
function of Vg, and Vg With positive and negative bias voltage, respectively. It turned out that

bipolar Pauli spin blockade occurred at this point.

[1] R. Sanchez, et al., Phys. Rev. B 89, 161402(R) (2014)
[2] S. Hiraoka, et al., 76" JSAP Autumn Meeting, 15a-1C-4, Nagoya, Sept 15 (2015)
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[BABRICERTZY 2 3BEET Ny &N 5 BEROBSKFE]

AWFFETHIBICHW =T 3, RT3 DO&EF Ky MR =ARRICEE I 7 n Y
vUay 3 EES Ny MEETTQD)Z/Z2>T\D [3, 2D L) efEiEiRftko 2 oo
K%%E%ﬁéﬂkﬁ%ﬁy%VX?A@%%KWWT%éO

BIE T, B =AU BT D EIRFRE ORSHEIFEIC DWW TR 21T - 72, JIE
IREIL 300mK TH 5, ngmzim%mk%@\ngmmﬁmﬁﬁmlT@m%%mm
L7 & &D TTQD OEWFHEE AT, TSGR 1> Tnd & & PSBIZL-T
BIRIEI SN TND & B 2 b LA 8 L7 (Fig. 4 OFEOMGRE) . £72. &
—ZEHRODIZE T 5 B ORISR 2 R L7 D23 Fig. 5 T 5, Fig. 5 7 b FEY
WCBWCTERE—2DBHDZEMDNDIN, 74 T 4705 Ky b U — RO
A2 & 5 spin flip co-tunneling 235K CH9435 C PSB MEIT T\ 5 Z ERbro7= [4], fF
KHNIXZ D PSB ZFIHTHZ LIk, A UFHANUNAREICZR S EWFFSD [5].

VGLI VGRl

sye
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|00 nm

070 065 075 oifo
Vi1 (V) Ver1 (V)

Fig. 3. SEM image of a Fig. 4. Triple points (a) without magnetic field and
TTQD device. The yellow (b) with magnetic field B = 1 T. In the green dashed
arrow indicates the direction triangle pairs, current flows through the triple quantum
of magnetic field. dot while the current is suppressed in the yellow dashed

polygon. The sizes of the triangle pairs and the
polygons of (a) and (b) are the same. Comparing (a) and
(b), it turns out that the magnetic field enhances the
suppression of the current.

03

=0
. Fig. 5. Absolute value of TTQD current at the
EpN /"\\ bottom of the triple point as a function of in-
°E o py N plane magnetic field (green dots). There is a
3¢ .~ N peak at zero field. The peak is fitted by an

= equation for PSB dependence considering spin
flip co-tunneling (orange solid line).

B(T)

[3] R. Mizokuchi, S. Oda, and T. Kodera, Appl. Phys. Lett. 114, 073104 (2019)
[4] G. Yamahata, et al., Phys. Rev. B 86, 115322 (2012)
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[BEF Fy FNTOELR U #EICET 72 E8]

P72 & By MEBUCHANT T, &1 Ry NN TOEMAEEBIEEZITH Z &
[IMBEARRIRTH D, A CHuEMHAERANRVRTIE, RiiES & A B U#uEfHAERIC
L NE B B DD 2 THOREXREDRBEIS 2 & Ky MCHIF 52 &
NTED [6], AT, ) arTIEAY UCHUEHAEANTHNE SR TWDHR, EF A
E A AR T A CHLEFE AEHA D ROVIEFLA B Tk, AV U BuEHEAERO % v
“ENERR A EMENTTRETH VW EIES N TNV D 7], AWFZETIE. MBI S -
Jaragf Ry MBI HIEAAE CEEICRT p B DQD @ g KIF A~/

FEEBRIZHNT A A% Fig. 6 IZR”T, 773 AL DQD K UEmE & LTD
H—B+ Ny (SQD) A4 %, HIEHRE 260 mK (ZBW\W T, YA RF— MEE Vsem &
Vser & ZALZE RG] L72BRIZ DQD IZHidL 5 it lgs pop ZMIET H Z &2k, 2 EETF R
v b OMBIR) e BHREE T o 5 B B A A B L7 (Fig. 7(a)) . B — A DERILEIC
BWTERLIH STV D E 2 TR L, PSB OB LTz, #V\ T, T 2351 A%
L CHWNOBS AR 2 Z &I K- T PSB fEIDIES K E > T\ D Z L AR L, IEAL
g Krofiiz~2 & AFESH 72 (Fig. 7(b)).

SIE. RAEED o7 EAL g KFOfEEZEZIC LA 6 PSB #8185 C RF 55 & FIN
L. EfLAEIEEOEREZITH,

v il
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Fig. 6. Schematic and SEM image of a p-type DQD device.
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Fig. 7. Charge stability diagrams of DQD. (a) PSB was observed. (b) PSB was also observed
in in-plane magnetic field B = 1 T although the width of 4. became shorter than (a).

[6] K. C. Nowack, et al., Science 318, 1430 (2007).
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[(BIEKET 7T EHWY ) ary&F Ky hOERMERE]

BNy hEHWeEFE Y OB LOFEO—DIZ, &F Ny MNIfFOE
iz U OBIREZ SR OEREEICHET 2 Wb ORH5, LLARNRL, &1 K
yb@@ﬁﬁ?f@@éﬁékw FEIRE 5y & OEHROFEETHRIE O @l b 2 8 L v, 2
ZTARMIZETIE, v ar&ESF Ny FOBEREREO &SR Z B E LT, MIKIR TEfE
?57/75’1/!5;@1/ =1 Ny hEHW=ERE o OBERIEHEZ21T>72 [8],

VESL U 7= MR 7 o 7 e OVIE 7Y o MR DG E A Fig. 8 TH 5, WMEKIET o~
Ef Ny MER—EK EICRET S Z & CRBOEEBLIRMTHZ LN TE D, oM
KIRT 7 OERICIT VY a v BT Ry b EOEREA IS5 Si-MOSFET % iz,
4.2 KI\ZR HMIKIET > 7 ORI ER D Fig. 9 TH D, T OFER HAERL L 7= {liE 7
PAIFA2KIZBWTHEEL TWD Z &R bnd, RICA2KIZEWT, KR v 7%
Mnicw y 7 A AREIC LY Bt oY ORIE 21T > 725128 Fig. 10 Th D, 7731 A
1T Fig. 6 RO D% V=, Fig. 10(@)DHERRICENL TS X I ITHED Ky hDE
IR REZE E X OB 5B L7z, Fig. 10(b) TIERR Ky b O—2>OEMEBEELICIER L, FF
M RIE LR TH D, ZOREND SIN ~ 9 dB TH—EATOHREHENAIETH D
ZEnbrol, WEMBIX 20 kHz THY ZidvV a v &1 Ry O A B U FRFRER
(~10 ms at 300 mK [9]) ZHET H7=DIZHIEVME L 72> TWnd, ZORENLV Y
TOEFEY A LICKRELS IS ZENTELLEFER D,

5

__________________________

4 R
.|

3 [rrmrmrmereeee L .

2 G=72dB(20kHz) |
1 feutors = 80 kHz !

0

Gain (x10%)

1 10 80100
Frequency (kHz)

Fig. 8. Photo image of a printed circuit =~ Fig. 9. The dependence of the

board designed with amplifier applicable cryogenic amplifier as a function of
to cryogenic operation. input frequency.
(a) ()
- dlcs/dVse, (arb.) = 25 Fr—ItLI s
> 10 = -4
2 5 H—O i
8 -0 =
; E 1.5
<
- -10
1.5 2.0 B
Vser (V) \ *

Time (s)
Fig. 10. (a) Derivative of lock-in current measured by usmg t“flcescryo -amplifier setup

as a function of two side gate voltages. Each data point is the mean value of 32
measurements. (b) Single-shot measurement of the current as a function of time.
The band width is 20 kHz, and the carrier frequency is 20.1 kHz.

[8] L. A. Tracy, et al., Appl. Phys. Lett. 108, 063101 (2016)
[9] L. Petit, et al., Phys Rev Lett 121, 076801 (2018).
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BFRMEFR REWRE THRIOFEHEHRE

PR R R, MIRIRMFE SRt 2— B FIIIE
http:/fujisawa.phys.titech.ac.jp/

PRI IR 28 CIL, P8R s 2 IO ARIR B R OS2 B 20> TV D, FRIC, N LAY
FENTAR T VOB A DX AT IV A ERRT —~ L THRY, HILWE B Fk B 521 o0
2T HEEbIT, F /L rha=s R P RBAN - 7 T RAE = A AE = A~D R RE H L, TRiD
YT T = DL EITHFFEE D TS,

EFHR—ILNRIYOFrRILOIEFEEEIRRIZETHME

TRTTETRES AT 5L REOE T > TE NN DEET—R (2o PF v 10) BEKSH
by TOBMBEEW THHT Y~ KT TAXE (EMP) (T EAHR—/VIRREOR = 3L X —FhiE THY | Bl
W72, — AR T 52N DEBRIEWBIRBBLIID, ZONATL—IRITTRIT, HIKT YT 10 Vv —i iR
BT NEFEBLIDRELTHIEHRINTEHY, HAMERICER U722 IR BRI Z ICER LT
HFFEE D CTD, SHIT, S EE TR — VIR C BT D BB AT b I B 9~ D 2241 T > TN D, 260
SEBRIE, RSB AE | SRS ZE . B CARBE A AL AR B O B IR HE S I E/RE | WFEEM B O FIEICK
STIT> TN,

EFEVDEFREETH/VEDOHEEERICET MR
HERSR H O BRI & R A FINT 5281280, ab—L TR AR MR 7 4/ (BB T
RENVE—R) R AETHIENTED, ZOAL—L U N3 /o a T /EOE SR (CHBE Ry MRE) IS
FTHIEITIY, HIGT 4 SRR VBRI L OEF AR FAHEAE RIS R LS IR 2 TEL T,
B JE A IRE OBGHI L7 4/ R E 2 (BRI, HRER T TOBE R AL, 74 /088
RODOTRNF =AM BAROT AL— L ADIKRRE | B /2B KRBT IEOBRHE B L T\,

ZINHORFFEIE, NT TR FET - 87 ERD MR E 7 L — 7 RS AR 7 — T ) — 4 —
B E B K, MR B 228 LD S FRFFEIZ L 0IT > TS, FT-. BHIFE SAERFZE(A) (26247051), B EERFSE
(17K18751), Frsffreisg GHEmFe) (156H05854) , B L ARMKIRMIZE Xt 2 —, LK /77 /mv—7
FohTH— b, LRS- R T /A 2 <& BRSO RA%2 T TR IR TND,

SO IIEEIRIUL FRROLIBY THD,
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1. EFHR—ILIYOFrRILICEITAEFEFRHELOIRILEF—IKEH
BT AREA NTT ¥t LR °
LR A KBEEAA BREE, MARKEZ® BREFE"

BRIy VT RN DR RN —FhEIXFAK T T 4 U — A TR TE 503, IV RLF—0D
EmWRy L7 ah OEAE T HELUZ O W TEH I B RS TR, Fox i3, T/I\JI/%D/ papimlill

WZEVETFEFBELER T 528 L TEY[L], 4 EIEE D= — K E B LT IO
Tk ~%,

4 1 DI, ZRNF— gy DBYIELTERZEI Ly TAFL, TRLF—ggq L EOEFZET lger
THRHT2ZLIID, Fr P OEF O =M BRI IETD F = d(lged lin)/deger Z7FARL 72, [X
2@ XA, HDEfEen (~ 25 meV) IVRNTFRLF — (gy < &) TILEFIEFLBIEICEMLES TS
D3, &nj > en CIEIRZR Yy b L 7 b LU TS TISY | gy DN > T3 —HRATRD L,
LB RIEE (60 = cae) ST T DI040, T2, gger= 0 THITELTE lgedliny 23 1248 2 4K [ 2(b) 1
A IEfLEZ R TEY, A ZBLIZZAERBIISILD, ZNODORTZ T 5720, Avh=lLZ7ahy
O (BN EEHT20) TR VX — B IGHE n = dddx 25 2 5[2], Fox OEBRES i, oo gL — KN
bHZEERLTEY, BATHICREROKEIE Y o< e 2 RETHE, H2(@)(D)DERD I = 1 TEBRHRS
REIZIETHBTES,

ZDOIH7BAEFHRELOMH OFEREL T, B HEEEOH MO 5| EE) &R NS ZDMmEI R, 7
—u At AAER OBRBHKAFIE R E DB 2 i
%o Fex DI TITBEEey ([CHAMRZRBES 1K
FHENRALNTELT, B HHEDO I
INSWZEERIBL TS, £ LO 74/
WL R OGRS L » Ty Y
KT VinG, AR —EIZ LA
ZhRTZT TIEIA TE RV, ZNHD B L)
5, 7—u M EAERH O R FIEN EE T
bHEEZ LD, ZTNHLDOREFIL, FyhzL
Jhay A BN SR E A TE 5 L L Avy bl 7 b Gyl E OB
B R T, (a)

ARG IR E (JP26247051, JP15H05854), 150
WILKF /7700 —TF9T — LD K
3T,

(1] Bkl fh, BAYEEFS 2018 ERFERE ~
23pB402-3. 2
[2] A. M. Lunde et al., Phys. Rev. B 94, é

W

Channel Iy

0
(ne) 4

045409 (2016).

= e-h excitation

0 (=
O : f
_ L8 A4 L=14pm -
a19 4 |
3 14f/
T2 g, ,

Lo & 50 100 150

€;j (meV)

2 ()R =L Zhar DART ML F(ege)
(D) et /ling DI =R — i R AEE
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2. B - HEFHR—ILREDANFRKR—IL/—1EE&E
BT AREA NTT ¥t LR °
Chaojing Lin®, IO KA HEBIREFE"® MRERELR® HKRKEZ® FHEME"

R N Tl RS R 2 R D EAR e 2l TS Th D, AIFETIE, D& R —/LIREEO NN
DA FR—WIRREZ TR LI AN R — o — 1 iE 2 D B RO — R TTT v RV OARE | FRIZEEE -5y
B AR —/V(IQH,FQH) = < D B fif A Lol R & AT L 72,

B 1)L, ZRILEFQDEGITEY; B ZHIML T/ 3L i Fvg D &R —/VIRRBZ AL , R —
NSR—=TID 7 —NIEE Vg 2L Th A FRvg DR R—/VIREEZ AT 22L T, J\M%tfwwwﬁ
WEEIRR LTz, 2DEG (X E BRI T2 e VB D TR (Q— Q) (2 &> TSR E A THOZENTED, X 2 1%
BIEFREI(Vac = 30uV) FIZH1TD Vi D B-Vg IKIFMHEZRL TR, k4 7ovg Eve DFLAA DT V=0 %m
FTANFRA— AN —=NEHIN TS, FlZ1E, ve<ve £725 IQH FEIR TIE, X 1()D LA & 58—
VT X RV ORGEL (2 O R FE) I Lo TEBENE Z 5720, i Far HIH A G = Iac Nac 1T
AR CBUR R E £ 70D, — 5T, Wi HIE Vi 1, ve,ve D EAA—/LARRETOEGEL (2L 27 Ay
) (U2 E T D, o T, SV i e DML O T 25T 2 2L TE | By PO
Ty I DN TR, T RV O BRI T 2 Ik 2 i@ LT, F72. ve=1, ve=2/3 TiE, K 1(b)D L
N AT DEEI T PGy = 1) BTy DBy = -1B)D Ty PIEHHBFEI L > TREN B ZHEE 2 bND,
ZOEA ., 8um FREOE VIR Ty AL A B I HL DD | 5T S IR T Y SR D O IE R TR
ML CD, SHIT, ve=2/3, ve=1 Tl HLELO W BRI D /33y P OBRIEI SRR B U, ARSI, Ak
IRV R AT DT EI TR LN TED, @) =13 23 1

AR 2% (26247051, 15H05854) D X 245 7= 1 2 BR

101
ViM
cocenc)
1equilibration
<o
viS
Edge equilibration Edge equmbratlon
(c) Ty
2DEG Q, Q ®B>0 =
v [ | [ Q
. VXY
0 i
=
QG
Il
IAC
\\
‘\
FAERY - |
1 (@)b) Ty PF ¥ RO B THAEFE 2V O Vg, B (M

(AN TFRAFR— N —DpE K
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3. GaAs Rk EHE R EIRFD T4/ EHFIED M L
BT AREA NTT ¥t LR °
thgkmth A AR TR MRER® HAREZ® BREFES

Fx L, GaAs RPEAR CHE T Ry MARmEME (SAW) 74/ VHIREGRICHDIAALTEANA T Y
v FEFREZHWT, VOB -7+ /) UREEICET 2050217 > TE2[1,2], 7 7 v 7 K5
WD T + ) UEEIHIRZ IR T 5 2 LT, B Ny hOZRAF—HEROMH L, LIRE— F SAW D
U NMEIR A~ DB TIADIZ X 2 S A IR~ OB ENHIFF CX 5, R TIX, HRESRZIERT 2B
B2 @ ERINT 2 2 & T, 74/ VIR A RES M ETEL 2 & 2R LT,

JEAMREEIC L VAT D 7 4 /7 VIR O R E JIL, BEO L DY 720 TE Z 5 SAW O KU FriZ Hofl
T5 (6fecr), @O SAW R TIEKHOL 72 0ERE (Al Au %) DHWSND 2, AL T
BWSCH R A2 R T Ti 28 L7z, X 1la © X 512, GaAs/AlGaAs FER 12 2 2D 7T v 7 e % iR g
CHELE L7z SAW HRERIZIH W T, ZHIIROFHED 720 EEOLIRE— RE2F T 5 LIREGRZFR L
Too Elo, MRIFPRICEE LB MES (QPC) ZFIHI L. SAW [T 9 B Y KT vy b
(B 2 ERARIE Lz (X 1b), SAW @ 6 SOV IIEE— K (res) &, #iEEM (IDT) LiEE
L7zE— R (IDTm) 2B TWD, Zhe 1 ReHEEET A2l Ly I 21— a v (K
lo) #Zth#g L. ZEflg (6f & 52 MHz) &R (r % 2.25%) ZAMES o7, Fox OLIRTONISE
[1,2] CHW - 3EIRSS (Ti/Au=10/30 nm, = ~ 1%) &L~ T, FERRE< M ELTE Y, SAW Z
AT Yy REFROMRR~DRERPHIFFS NS,

AAFFEI IR (JP17K18751,

P26247051) 5 L UHLKRT /7 (a) Ve — BN gate BT I,

N nom

7 )uP—F5y b Tk —hD N 2DEG
R T 1] [ 111 /
XEEzZTT, I BR IDT QPC BR }W
[1] J. C. H. Chen et al., Sci. Rep. 5, ex 1 g
15176 (2015). [2] Y. Sato et al., g (2x,.£) 2000000000000000KU00000000000000000000000000ee
Phys. Rev. B 96, 115416 (2017). —
®) T l
. T J B . 120 A
Moom=1.6 um | ' P

h =45 nm

I

1 1 1 1 1
1780 1800 1820 1840 1860
Frequency, f (MHz)
1 (a) SAW #iRgR, (b, o) ETVYRT UL v ILOO)BIEFHER & (0
HELzaL—Yar,
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YRR 30 R KREWFIEEMFIEHRE

WElsoR (BIRATE R 2 —) RARE
http://www.rcltp.titech.ac.jp/ okumalab/

1. 2EBEHRAE % AV TEBLEREOMARREREBORH
FkfE—EE etal.
ELAVT2 2 TRt % D #aset FE o FL K

+I  -H -l
RAEILTE 725D 1E L T MR e T —
BIADM SN BSRE LD thermometer
BENARVE SR, BASAEY , b .
z BA=IE )N 5 Hfhk ~ low |
@i'%jté J:OTA%{E%?\%T@T%{ZE ) thermometer +v +H _V
AT S, ZHUTEB RG-S glass

B EiTn, RWiMZ< oms s

AT & 7o, Fisher 51, #MafZAMHANO

el PR SR JUN 2y SRl e SN

BN — = O TRIET S Cu bath

R—2 7 Z AROIEEE L, % o E
e e e . thermometer T heater

T TR R — ARG T D & Fik bath

LTWD[ SHETICA—MEIL 1 55 25 ol S b7 s

substrate
= S

“~ heater

RBTHELO BH DD, MR BERBLD F L A BRI AT S 7
(T DFET % MR AL S HOEEOBAM. A ERZHME

HEREEg
LN TWVWB[2,3], & BT, B8 b DI EMALE [7].

O ARVEIMBEFERRIZ L 0 RN CRAZE Y v v TABLI S, ETROREE VD
HRIT L VR IR S oo H 5[4, L L, #2355 OFTEIT F 726
STV,

Z 2 TCHAIEL, RIBIRDOFEZ BRI IN T 5 ke LT, BVERIEIZER L
7o MRITREARIZL > TaTHOREI=y ba v —ZHfl L hes ) EE) L, &
Lo TRAELEEENRRNLV A MEEE LTRSS, FEERIZ, kP E U IED
2 HAMUT A HBICER CTX 2R IEHICBWTREREESBHI SN TV D5, L
L, MEOMEIT VT OBIEERMBERNRE LTZLONIZEAETHY, FBHER
DENE D T 578 R & < 72 2 @B COFEZERG1T 09 7> LW [6].

ARFGE UL, ERGEHI R T DV A METRN LS Z 2L L, 4K
WHIE CTOERBREIT-72[7], REHTIX, BEOHIE, S FARFHX DI 2> T D
JE X300 nm DT E/LT 7 A MoGeyx R # 2 Hv 7o, SUBHZIRE AR 2 FIN9 %
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2 BEEEBIRELL O 5 K CTHIE
L7-(@) EXEHEp & (b) AR
MBS N OBSIGBWKA M. R TR L
=L, RNV A MEEIL o THRIE
S-SR E AR & IR KR D BE TS
HERD, SEIEINB) O—27%DT
— X m% N =0 |[CHEMMILTZL D,
N (B) = 0 & 22 2 W D R IAE O |-
R 7213 B s & 5 2 A (7).

p(n2em)

722, BYREROMNT 7 A HAM FIZAE LT, BIEEERIEE (6.8K) LU T OIRE
T AA —TREEAT oI & 2 A, BRIRFLA B w630 B3 Dkl igss 2 &
WTRV A MESBRIFHINES BN Y, RO RAE e — 2 2R L, B
B RESH 2 Do TR T IR BB S 72, 20 &9 Al XIRHTHE TRk 7o
MR & O—FD 6, RV A MHIEIZ L » CEEGEF C LR E T 2RI TE S 2
Do Tz, BRI, FRm BESIEE O MK IE IR 2> mid i~ & I E fEik 2 O AT,
R—RA 7T ZMNIHKIRT D &5 2 525 IR -5 Ik Tk D FE &2 i~ 5 F5r & it
HTW5D,

[1] M. P. A. Fisher, G. Grinstein, and S. M. Girvin, Phys. Rev. Lett. 64, 587 (1990), M. P. A. Fisher,
Phys. Rev. Lett. 65, 923 (1990).

[2] M. A. Paalanen, A. I. Hebard, and R. R. Ruel, Phys. Rev. Lett. 69, 1604 (1992).

[3] S. Okuma, S. Shinozaki, and M. Morita, Phys. Rev. B, 63, 054523 (2001).

[4] B. Sacépé, T. Dubouchet, C. Chapelier, M. Sanquer, M. Ovadia, D. Shahar, M. Feigel’man and
L. loffe, Nature Phys. 7, 239(2011),

[5] R. P. Huebener and A. Seher, Phys. Rev. 181, 701 (1969). T. T. M. Palstra, B. Batlogg, L. F.
Schneemeyer, and J. V. Waszczak, Phys. Rev. Lett. 64, 3090 (1990).

[6] K. Behnia and H. Aubin, Rep. Prog. Phys. 79, 046502 (2016).

[7] K lenaga, T Arai, T Hayashi, S Kaneko and S Okuma, J. Phys. Conf. Ser. (2019), in press.

2. ERE b URNVGHIEI K DETREEE S huizifsk ORI

41 EH—etal.

BAREIMA R D XA T 27 AOMBEFTBIEEDOISH EREETH L7 T2, AR
RTIESROND, T FLRT v /)L 2 89 5 LR 1 O BT oL R+
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ROIEMBRZ AT 5 ECHERETH L, B EHDOIE TS depinning it 14 %
DUMZ DEMR | TRk REZERBE ST 5 &, EVIEDNOEEL RELIZT T
2F vy 7u— (PF) KL 725, ZOWREE, RELE D RFRIZZMAIZD 5T
L EINAH[1,2]7, ko7 m—REEPEEICOW T+ 2 ERIE LITESATn
20N, ZAVE TE K OFFFED STV DEE R EORIE T, FBHRIR DR O
EEFRD LT D DT, FEMOMREEOERESL Z LIXTE R, £/, H
W X DWETH, BFEEE SN2k D PF &2 FEZ2[ CEBEN L= b O3 Fk 4 23
HBDRDAFIE LRV, &2 THAIL, MsRERE & EE bRV ML

(STMISTS) (T & B il KB 0> F2Z2HIHIE S RIRFICAT 2 D 3EE 2 /ERL L ¢, JH-RIES O
BUHZ B L72iFe 2D T 5,

AEHIE S 300 nm DT ENLT 7 X (a-) MoxGer #ilE (T £ 6 K)Z v /2, STM/STS
HIFEDT=®IZ Leiden KD FIE[3[IZ7e B - T, Mo,Geyx IR (2 D35 T 4 nm D4
HREZZKETHZ LD, A2 R&HICEY H L7z & & oREETDoHILEBHv
72, BRI FUBHTEIE R E F Ol 744 & L= 1%, WURIE- &5 STMISTS ZEiE 2
Ty FLT,

F9, T CEBEIRREND 22 K ETHAILZE, 1.0 TORIGZHML (Brm
WemmAEN) STS ME AT o 7o, Z OIRE-RIGIE, WtEIC X 0 ik FMIcHE Y35
ZERDbNo TS, FHiTz STS i, K 3 ITRT X9 IChENI AT Th o7z,
BT DI AR 255 ST TH DR DO AL, STM DT Y FHBFTEETE HK
500 nm PU 5 OREF&EEPH CIXFE C M CTh o7z, & 2 AN, HEONE % 500 nm L 0 K
@M T L, BATEICR RS FRERWTW e, ZORERE, Z ORERE IS
FLENZAERIEEZ L > TV, MR Z LA v OREINB00 nm UL ETHDLZ L%
A~LTWD,

% X4 PF%FEHTHEEERI=2.0mA
" Z RFEMF L7-121C, Bz Y-
Tif-RALE 2 B SE, £ D% STS
HEZITH> TR RE. 4
BT R D502 RS, Yo
YT T O @R S =8, IR
WRHEITRT X 90, BT HALixs
A LI %, ISR
M-RELE 2 297,
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DEIZ, PF I DIABLE 2 R D T2 DIRD 2 DDOEREZAIT -T2,

£, OFiEE | & +5 2R EINE B A2 U - T, 8 L7oifkBdE o STS #l
WZEITo T, FERITE 4 1R T XIS, BIRAFIINT 2R1OF R L IEFRET, S
(ZH 72 5 AL E b O Bl Sz, &5, F—%ch, ERaHNT5
RIE R R 72 2 A0 % & O BB S 47z, 26 OFERIT, PR REE TR 23
LG E A RS T E FE T L TWH I L EZRL TN D,

DX, @QFEE LT STM et T2 @il 2 ik ORRFMBLNT 5 2 L 2 HiE L
T, PREME 2 [EE L CHREERR | ZEINLUIRET, F VAT R (7 =L
I OIREFEE) OHEFHIEEZIT -T2, 1 DD b FRIVARYT FVE & D OIZET 5 HERH]
1349 03s TH D, ZDOREIZIBWT, il 2 Ok OIEE) 2 KFH 5T 572 DIZFr s s
WRDBWEL, bRV ART MVERIET DRERINIZIR ORR D PREF O FIC R L
7RUNE EORBIREIKIZ IR H AL D,

PIERESIL, Br o 7 REEICB T W8 E D IEFICIREN T 58 5 D A
DB S, S R A A INOR 7% Sk U7z A IRE 138l S e oo 7e, 2
DOFEFIE, T OEEIL T O OB & N EHER) TlrIe <, I NREA L2 Eb 5K
MEITHDHZ EERLTVND,

DL @DOFEFRND 2.2K, 1.0T (231 HBIKHIRD PF X, K12/ A 722857
SRR RABERIIZEINTND B X DD, TDORERIL, fifa/ Sy RO
ICIET HMMANR 70— 5L VWHIBEDON DDV I 2 b—3 g U OFEE &38R
o THEY, FUNEIREZBH L-b0 LWz b,

[1] C. J. O. Reichhardt,,C. Reichhardt, and F. Nori, Phys. Rev. Lett. 81, 3757 (1998).
[2] P. Moretti and M.C. Miguel, Phys. Rev. B 80, 224513 (2009).
[3] G. J. C. van Baarle et al., Physica C 369 (2002) 335: N. Kokubo et al., ibid. 470 (2010) 43.

3. Mk BT EZROVEIHRIEFERS - HEBORA
(1) Fix OIEFAHAFRERRE DFE H, FEATE 5 etal.
HREIR AR, MO THER 2 Wtk FREHRTENTE, FU X LY
VIEDFEMRD T CHIE SN2 Z BB I ARIINL, & O@EISEEZEE X HET
5200, HLWIFEEBRECH LRI E 22 DIl L EBRR L0 D
[1-5], ZhE TlzFhex 1L, ELAVIZHIHIALE 2 & ik RIS AR 2 it U JE W) A
Wr D ZEIIN+ 5 Z L&D, R m@2e a2 < DIRLARD biRA ISHBMET 2 7 % A
R (BRORFL) B 2 B L 72[1,3,4], & DI, BAMIRIEZ $Z A2 L LT, 7]
WA B AR AW~ ORISR Th 5 AT R AR AR Z 5 Z s 2 am A KR
[6-8Jic>WWTHRM L, Z OBROEEM: 2 325k L7 [1].
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©  Deg° Bl
PR
8 ’:O% e oo
dynamic pinning
0 f (ms) 2

5 FIAF v s 7 a—fERCERINESFEH L%, ROt & OBEEh S % kR
ZIt = 0CHIIN L7 E%OELE CFRHE) OMPEIRE. BOEMZ, BErikd S
Nk (X)) [CHBEZES GEh6) AE 1D 55 R clogging % 2.
FIREE O, fHx o EdYA MIEBZRHER OKf) Arrikoshnd
B kb EFRT

— 7, JEE RO H 5 0IHIEC B S WETREREN S 2 HINY S &, EET 5k
PR ZCE SV IEDITHE D, BHEIICENLE 7 n—RIETHLT T AT v 7 T r—~
O PR AL BIR S D [1,2], A ITE N DORE S EZNTAZ L LT,
pinned A8 & depinned FH~D FE -7 depinning S 23 = 5 Z & 290 TEBRIC L Y 7R
L72[1,2],

S B IThlr, BRE) I EIINER OB IEEB S O HIZ, clogging (BEEE V) B4R
e 5 A BLA 8] & R Lz, BBRIEWZ L2, EHEIREBIZ M2 5 5% kg ] X
depinning 58 DEEFR TR ERE L, T OERERZ T 5 & Lt 3 2O Fifats
Bl XK iEdA RS (directed percolation) & [A] Ui 27 7 ACJET 5 Z Enbhro TE T
[1-6,8].

(2) BMMFFILEERFLEOREERR 5] M. Dobroka et al.
ZHETIE, IS, DS WEFRERE ) 135R & R LT 2 ookt L, ARERE) 771X
BRPALT 2 Z L2 BN L TE[14], 75 &, &t X 2EIRT L & ERIC L S
BB AT T 2 E X OBABEN O LS b o kR b 7anb, 22T
LAV RIHR B & el L, — & OAURBRE J1I2kk 2 72 K & S O EREEE) /1 &2 HE S
7o & &0, WMERERISE 27 [5]. HIEILE 1L O RBIERAIIZR, ik
TEI TIT o7, IREHIREREZX 6 O LEED /T 7R L, BET 5 EFEEE) /) 2 18
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6 LB AEBR SN OIBIECEICIEGT & ASREREY ) 2 HUIN L7 & & OBE O
SR, B A)FEBROKEIE 2 BiE ST & E OMRECE ORX. B FAAH LE
BR. AT FEBROBRAGELE S A FREN /) 2 FIIN L7z & & OBEOBPEISE. [5]

REED & HICHIBLITRE IR S 4, b X 5 EEFERE S AR & — B
% & (M6 EBAR)ICEMFRH LN ZERIZERT 5 2 EnbhroTe, ZORERIE, T8
FIRRIFALANEE & 5 720121, R AN TR E S TCORDIZENMETH D =
EERLTND (EBEOAK X ESR),

DEN, ZOXIITLTHELNEFRIREOMARE L, AZHOHAH LFERIZ X
DR, FERITM 6 TEOHRD 7T 7I1RT X 918, 230 & EFERE) 2 e fEd 5
BaiE, —MRICIEHFARBIRISENBII S e, ZHULEFIRIEETH - TH, FRFMHE
ERRFAHO SN E LTS Z E2BHT 5 (M6 HEHROBAR), 51T, Hik
BREN S O & Hi, MERFEAROEIS N 0 205 LICHEFICmTs2 2 2 /RH L7, 2
NoORERITE, RMOEBRICL ST, BN ERT 7 AF v 7 7 a—0Hh THhRF
PEIDMR 2 I E L WS ER T2 IO TR A T2 b O LI 5 Z & 1 T& 5[5],

A TR SNTBGEZHIT 2 BmOE#R S I 2 L—v a3 VTERERLS, &
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T LD, AN DATIBE ST BRWVITHED BT, & 5 FEDH Sk
23T MoyGex IEEINIC EIREE Ve AT HZ ¢ R L, ZOEEEEIX
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ARIEARFR T/ S VERE) ) Tk 25 B BICEB) T, B EEO R TO L
BEEANHEAY T2 LN TE D, BEEERPEM CTEEEIREICH D L 1L, 20
KENHHAD T HIRNIREOEEZEH T —ETH Y, Wk OEINZRHI 22 m X 134
U7auy, ARHEBR CEM SN 72 BB, YaFesOn 3DV TN AR & Tun/angk
[ & TR DNBARERNEA~A VAT - DI R D =R VX —NER Y, 21
ZFNOEEITL TOWMARDEIIT U NRTUANEL D Z LICERT S EEZ NS,
T 205, Mo,Ge DN T I &t 2 it L7z & &, B E 7 I BEE) S 2 sk
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