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Coupled
 

superconductors
 

SIS, SNS

L,R

 

2

 
= , Cooper pair density 

order parameter
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Single electron
 

tunneling
 

(quasi particle
 

t.)

2Δ
 

=3.5 kB

 

TC

 

; U 
 

mV 

10 K  860 µeV

That’s what we do NOT discuss
PRL 101, 217203 (2008)
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dc
 

-Josephson
 

effect
 

= pair tunneling
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)1/2
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= hc/2e
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210-7

 

G cm2

Overlap of L

 

and  R

 

.  
 

pair wave fct. leads to a tunnel current of Cooper pairs.

*
 

This leads to flux quantization and
 Fresnel interference pattern 

–
 

not discussed today.

It’s a new particle with 2e , 2m and S=0
 

with Bose statistic.
 

 
is one macroscopic

 
wave fct

 
for all Cooper pairs.*
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Tunnel junction
 

+ voltage
 

= ac
 

Josephson
 

effect

J = J0

 

sin(ΔΘ-2eVt/h) 
hν

 
= 2eV

 483.6 MHz  1µV

NS1 S2

V
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Our
 

ac
 

Josephson
 

spectroscopy

We
 

worked
 

with
 

a tip
 

and film thickness
 of r and d of few

 
µm,     R 

 
0.5 Ω



ac-Josephson
 

effect
 as MW-generator

 and current
 

as detector
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Proof for a good Josephson junction
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483,6 MHz = 1V 

Gd3+

 

=>  8S7/2 => 2S+1 = 8

Crystal field
 

splitting

cubic
 

or
 

lower
 

symmetry



Freie Universität Berlin IBM-ARC 9. June 2010 12/22

Hyperfine splitting of Au 167Er,  S + I = F = 3 and 4

ΔEtheo

 

= 2.87 GHz ; 
Vres

 

= 5.4(2) µV,  νres

 

=2.6(1) GHz
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New ac Josephson UHV-LT-STM
Fe3+    S=5/2

Fe3+  or Fe2+, 

HS or LS,
finally there will be 
some ZFS within 
the (2S+1) manifold 
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3dn-energy scheme and magnetism of the Fe-ion

Dramatic change of ligand
 

field 
upon 
coadsorption

 
of oxygen. 

Gambardella et al. 2009, 
Bernien

 

et al. 2009

Unperturbed eg

 

, t2g

 

eigenstates
are no good.

“zero field splitting”
 

≡
 

CEF

Fe 3+,2+

S= 5/2, 3/2, 1/2
S= 2, 1, 0
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Zero field splitting:
For Cr3+

 

=> S=3/2, see FP
--------------------------------
For Fe3+

 

=> S=5/2
Splitting in E±1/2

 

, E±3/2

 

,E±5/2

ΔE   =       2D,     4D
Range 5 to 40 GHz, see Bittl

 
group
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Introduction

LZ • SZ
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The
 

orbital moment
 

is
 

quenched
 in cubic

 
symmetry

2-
 

LZ

 

2-
 

= 0,

but
 

not
 

for
 

tetragonal symmetry
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100µV 
 

48 GHz 
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Thank you
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STM using the ac-Josephson Effect

Klaus Baberschke
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für

 

Experimentalphysik, Freie
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Berlin, 

Arnimallee

 

14, D-14195 Berlin, Germany

In the past a voltage biased point contact of an SIS junction has been used to create 
an electromagnetic ac-field, i. e. the ac-Josephson effect. The linear relation between 
voltage and frequency hν

 

= 2eV provides a wide range of frequencies, between ~ 
10^8 –

 

10^13 Hz. The dissipation of energy can be detected in the I-V curve /1/. 

In this lecture we propose to combine this with today’s LT-STM technique. This will 
be a combination of early days point contact spectroscopy with today’s STM of 
atomic resolution. It will open a new field of spectroscopy to investigate atoms, 
molecules, single molecular magnets, etc. on surfaces and surface magnetism. In the 
past, mostly inelastic electron tunnelling

 

spectroscopy (IETS) was used. Here we 
propose to generate an electromagnetic ac-field. This can be used to measure, by 
means of M1 and E1 transitions, the low energy eigenstates of the crystal field 
splitting of magnetic ions, see for example Fig. 3 in /2/.

Another way to create electromagnetic fields over a large range in frequency is to 
use synchrotron radiation. We will comment on recent experiments

 

at BESSY.

/1/ K. Baberschke

 

et al. Phys. Rev. Lett. 53, 98 (1984).

/2/ A. F. Otte

 

et al. Phys. Rev. Lett. 103, 107203 (2009)
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