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N3o0pakeHre B IPOCBEUMBAIOIIEM JIEKTPOHHOM MHKPOCKOIIE ITOMEPEYHOI0 Cpe3a MIEHOK
HUTPHIA TUTAHA, BEIPAIICHHBIX METOJIOM aTOMapHO-CIIOCBOTO OCAXKACHUS M3 ra30BOM (pa3bl.

D15 TONWMHA 5 nm DO3

D =0.3 cm?/s D= 0.6 cm?/s
kel ~ 1.5 kel ~ 3
&=9.3nm &y= 8.3 nm

D15




813-95, BATURINA
7L KIU 10

N300paxkeHus B NIPOCBEYHUBAIOIIEM YJICKTPOHHOM MUKPOCKOIIE U
AUPPAKIUOHHBIC KAPTUHBI MOKA3BIBAKT MOJUKPUCTALIUYECKY IO
CTPYKTYPY HAIIUX IJIEHOK.

Pa3mMepbl KpUCTAJIIMTOB ~ 5 HM.

I'paHuubI MeKAY NOJTUKPUCTAJUIAMEU COCTABIAKT 1-2 aTOMapHBIX CJ104.




TiN fi Ims Raith150 Electron Beam Lithography System

Gun type — Thermal FE |

Beam spot diameter — 2nm (20kV)
Current density (A/lcm?) > 3200

Laserinterferometer Controlled Stage with encoder
resolution 2nm

Then, making use of the electron lithography

The samples were patterned into and the subsequent plasma etching
the bridges we patterned a square lattice of holes
via conventional UV lithography with period 80 nm

2‘3

EHT =10.00 kV

100nm WD= 6m

m
Mag=10078 KX FH—— Aperture Size = 30.00 um







Experiment
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CornporusrieHne SB/ISETCS
OCLNITIIUPYIOLLEN QDYHKUMEN
MarHUTHOro roJsisd ¢ rnepuogom
B,, cooTeBercTByroLYUM KBAHTY
MarH1UTHOro foToka

(DO = TCﬁ/e

Ha rioLyaab 49evKu.

B,= ®y/a2=0.32Tn




M. Tinkham, David W. Abraham, and C.J. Lobb, Periodic flux dependence of the
resistive transition in two-dimensional superconducting arrays.
Phys. Rev. B 25, 6578 (1983).
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BHewHee MarHnTHoe none npMBoauT K
. BO3HUKHOBEHUIO TOKOBbLIX BUXPEW B pPELLETKE
O3oxedcoHoBCUX Nepexodos. B pesynbtaTe
9Heprmna KBagpaTHOW PELLETKM C Nepuoagom a
Ea Kt NPpUHUMAaET crneayoLwmnin BUA:

H=— > Ejcos(yj—x)— 2 Ejcos(y;—z—2an(j—i)

(j—1)=%1 (j—i)=+1

roe n - yenoe vncno, f- napametp pycrpauymm, KOTOpbIn onpeaenseTca Kak
cpeAHee YMCNo KBAHTOB NOTOKA Ha OAHY 3NTIEMEHTaPHYI0 AYENKY.

2
£ Ba N3meHeHne f Ha uenoe 4Yncro He NPMBOAUT K NU3MEHEHUIO
D raMmmnbTOHMaHa, Taknum obpasom CBOUCTBA peLLETKM cnabbix
CcBA3eln oKasblBaloTCA nepnoanyHbl no f ¢ nepnogom pasHbim 1.



M. Tinkham, David W. Abraham, and C.J. Lobb, Periodic flux dependence of the

resistive transition in two-dimensional superconducting arrays.
Phys. Rev. B 25, 6578 (1983).

[Mpn o6xone BOKpyr ogHOM A4enkn dpasa

2_ ﬁ_ , napameTpa nopsiaka U3MeEHSIeTCS Ha BENUYNHY:

i(ﬂi =2z(m—1)
i=1

0
0

m — yeJyioe 4Yncro, onpeanendemMoe U3 ycrsioBusd

/’/ /'/ MWUHMMAanbHOCTUN SHEPTUWN SYENKN NPU AaHHOM f.

OOMUHUPYET, NO3TOMY MOXHO NpeHebpeyb

G —— Yo =210 )

AE =8E; > psin’[z(1- fp*)/4p]

p=1,3

Bknag ot koHTypa p=1 npu f > 0.05 A 1— f
=41 sin ( j

CYMMWPOBAHUEM MO OCTarnbHbIM KOHTYpam E;

AR;(T) = = AT, = ST =

272_7
A

dR ~ dR= T _ 27kgT

dT — ° dT EJ Dol (T)
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P+Si and TiN films
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Fig. 2. Magnetic field dependence of the resistance at different
temperatures within the range 0.273< T <0494 K. The nset
shows the theoretical periodic dependence (solid line) on the
magnetic flux per unit cell of the fractional reduction in average
coupling energy, as given by Eq.(3) in Ref. [4], and the
experimental data of magnetoresistance (symbols) at tempera-
tures 0.38, 0.39, and 040 K.

T 1 Barurinag et al. | Physica B 329-333 (2003 ) 14961497
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Puc. 2. TemnepaTypHasd 3aBHCHMOCTb CONpPOTHBIEHHSA
nepdopHpOBaHHOMN MIeHKH B HYJIEBOM MarHUTHOM MoOJe.
[TpoHymepoBaHHLIMH CHMBOJIaMH MpHBeNeHbl 3HAYeHHS
COMPOTHRIEHHS B HYJIEBOM MarHHTHOM IOJE [1J1s MarHu-
TOMONEBHIX 3aBHCHMOCTEN, TOKA3aHHBIX HA BCTaBke. By =
= :-'tﬁf(ea“) S3mTh.

A 1O. Muponos u np., U3Bectust PAH.
Cepus @usnueckas, 2008, Tom 73, Ne2, ¢. 158-161
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2D - SNS array
T.1. Baturina, A.Yu. Mironov, V.M. Vinokur et al,

sample D15s (a = 80 nm) Physica C (2009), doi:10.1016/j.physc.2009.11.107
A | B T (K)

1.050

TemnepartypHae 3aBUCUMOCTU
COMNpPOTUBHEHUS Ha KBaApaT
NeppOpPUPOBAHHOU U UCXOAHOU MIEHOK

perforated

0.980

R (kQ)

initial film

0.945

B AuppepeHumanbHoe conpoTusneHue Ha
] 0.900 KBaApAT B 3aBUCUMOCTU OT CpefiHero
o naaeHus HanpsxeHWs Ha nepexone Npu

0.675 pasnUUHbLIX Temnepatypax. [TTonHoe
naaeHue HanpseHusa Ha uccrneayemom
084 y4acTKe pasfaernieHo Ha Ymcro ctonbuos B
] - ceTKe AXO03e(mPCOHOBCKUX NepexonoB Mexay
) KOHTakTamu.] Bce 3asncnumoctu kpome
1 M 0740 HU3LWeN CABUHYTLI BBEPX.
1 X '
: 0,655 Cumsonbl: TemnepartypHas
] 3GBUCUMOCTb Pe30HAHCHBIX HanpsixXeHUn
15 - W_V_WU NpU KOTOPLIX HabNFOAGeTCa peskoe
0 W’Hﬂ YMeHblUeHUe AnppepeHLmManbHoOro
]! HanpsxeHus. 5
] { 7o a L INMUHWUU cooTBeTCTBYHOT TemnepaTypHOU
0 UL Tt T L

USSR ™ o o 3aBUCUMOCTU CBepXNpOBOASLLEN LWenu B
T (K) V (uV) moaenu bKL.
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2D - SNS array
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2D - SNS array

sample D156s v TemnepartypHasa 3aBUCUMOCTb MONOXEHUSA 3TUX 0CODEeHHOCTen cnenyeT
TemMnepaTypHON 3aBMCUMOCTU cBepxnpoBoadallen wenu B moaenn bKLL.

v Bonee Toro, onpegenéHHasa Takum obpa3om BeENNYMHA
CBEPXNPOBOASALLEN LLENN BENMKONENHO COornacyeTcsi C BENUYNHOW LLENN,
NONYYEHHOW NPY NPAMbIX N3MEPEHMUSIX C MOMOLLbH CKaHUPYHOLLEro
TYHHENbHOro MMkKpockona (cm. pesynbtatbl STS* nsamepenuii obpasua TiN2)

Scanning tunneling spectroscopy™

G(V), normalized

s e JARIRR

V [mV]

200

-0.3 "‘””"lm'ﬂ" 1'”‘]" I ""W ‘“"”M

0 500 1000 1500 2000 2500 3000
Displacement [nm]

Z 150

V(

100 TABLE I. Sample characteristics: R;y—resistance per square

at 300 K. T,—critical temperature determined from the quantum
) g correction fits. A—average value of the superconducting gap.
o o5 00 05 1.0 o—standard deviation of the superconducting gap.

G, normalized
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NS

an electron-like excitation

is retro-reflected

as a hole-like excitation,

while a Cooper pair is transmitted
intfo the superconductor.

==

A. F.’ Andreev,
Zh. Eksp. Teor. Fiz. 46, 1823 (1964)
[Sov. Phys. JETP 19, 1228 (1964)].




SNS Ul ORPC 0e AHApeEeEB De OTbaxe >

L>> Ly 1 (T) oc exp(~L/ L)

AHApeeBcKoe AHAOpeeBcKoe
OTpaxeHue OTpaxeHue
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FIG. 1. Seanning electron micrograph of a typical sample
viewed under a large tilt angle. The normal wire between the
two Nb reservoirs (top and bottom) is defined through the
slit in the freely suspended nitride mask. Inset: schematic of
the sample layout.
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FIG. 5. Differential conductance df /dV" vs. voltage V' of
the same sample as in Fig. 4 for several temperatures. The ar-
rows indicate subharmonie gap structures eorresponding ap-
proximately to integer fractions of 2A. Inset: Position of the
2A conductance peak vs. temperature for two samples with
different normal state conductance (& : 50 ms, © : 289.3 mS) .
The solid line is a BCS fit for 2A =325 peV and T, = 1.23 K.



2D - SNS array Our previous experiments

CxemaTnyHoe n3obpaxeHne AByMEPHON PELLETKN
SNS nepexonos

®Tl Baturina, Z.D. Kvon, and A.E. Plotnikov. Phys. Rev. B 63, 180503(R) (2001).
Tl Baturina, Yu.A. Tsaplin, A.E. Plotnikov, and M.R. Baklanov, JETP Lett. 81, 10 (2005).
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2D - SNS array Our previous experiments
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Synchronized Andreev transmission
in chains of SNS junctions

eVi=6AT eVy= SA/T

N. M. Chtchelkatchev, JETP Lett. 83 (2005) 250.

N. M. Chtchelkatchev, T. I. Baturina, A. Glatz, V. M. Vinokur,
arXiv:0912.3286 (2009).



Synchronized Andreev transmission
in chains of SNS junctions
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N. M. Chtchelkatchev, JETP Lett. 83 (2005) 250.

N. M. Chtchelkatchev, T. I. Baturina, A. Glatz, V. M. Vinokur,
arXiv:0912.3286 (2009).



Resonant Andreev transmission

in chains of SNS junctions

Pe3oHaHCHBIN mNepexol, MOKA3aHHBIN KPAaCHBIMU

CTpEIIOYKaMH, OCYIICCTBIACTCS KOTJIa
KBa3UYaCTHIIbI BBLJICTAIOT C Kpas
CBEPXIIPOBOJAIICH INEINM M 3aTeM IIONaJalT B
Y3KO€ OKHO BOJM3M CEpPEIWHbl IIENu, IJIe
HanOosee cuiieH A3(hPeKT OIU30CTH.

(1) Cwmemeane V
HaWIy4dIlllie  yCJIOBHS
IPOXOXKICHHS.

2AI(2e) oOecrieunBaeT
IS~ PE30HAHCHOTO

(2) B cnyuae 2A/(3e), xBasmuacthma Bcernma
IPOMaxMBaeTCi MHMO CEPSAMHBI IICIH H
PE30HAHCHOE MPOXOK/ICHUE OTCYTCTBYET.

(3) Zlnn 2A/(4e) kBasMyacTHIIA IPOXOMMT YEPE3

CepelInHy 101 (N0 KK I0TO BTOPOTO
CBEPXIPOBOJHUKA U PE30HAHCHOE IPOXOKICHUE
IPOUCXOAUT  Ojaromapsi CHHXPOHHU30BAaHHOMY

AHJIPEEBCKOMY OTPAKEHHUIO B ITPOMEKYTOUYHOM
CBEPXIIPOBOIHUKE.
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