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Outline

 Macroscopic Random Telegraph Noise (M-RTN)

 M-RTN in superconductors

• Vortex dissipation, vortex phase transitions

• Edge contamination

• Superconducting M-RTN UPON features explained?

 M-RTN in magneto-resistive manganites

• Robust M-RTN

• Dynamic current redistribution and M-RTN

• Meyer-Neldel rule behind robust M-RTN in manganites
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• RTN typically appears in conductivity of mesoscopic  systems due to 
action of elementary TLF, such as defects capable of 
trapping/detrapping charge carriers. Incoherent superposition of 
elementary TLFs with a flat distribution of activation energies leads to 
1/f noise.

• In strongly correlated electronic systems, such as HTSC cuprates or 
CMR manganites, RTN shows out also in macroscopically large 
samples.

• Macroscopic RTN cannot be due to an elementary TLF, associated 
with a single defect,  but to a macroscopic size TLF capable of 
changing the state of the system on the length scale comparable with 
the size of the investigated system.

Macroscopic Random Telegraph Noise 



• Macroscopic RTN appears in low-Tc and high-Tc superconductors, in 
granular, and in homogenous single crystalline bulk and thin film 
samples. 

• Macroscopic telegraph noise is more pronounced in HTSC mostly 
because of higher temperatures of operation.

• The prime suspect: moving vortex matter and vortex phase transition 

Macroscopic RTN in superconductors 
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Corbino disk – mechanism verification 



• M-RTN in mixed valance manganites exhibiting Colosal Magneto-
Resistive (CMR) effect is typically ascribed to two mechanisms:

o Pronounced phase separation (PS) resulting in coexistence of 
percolating paths with significantly different conductivity

(most pronounced near M-I or CO transitions). 

o Fluctuations of magnetic moments which couple to the 
resistivity noise through CMR effect 

(most pronounced near PM-FM transition). 

• Such M-RTN manifestations are typically limited to relatively narrow 
temperature ranges and are characterized by strong dependence of 
RTN switching rates on applied magnetic field and current bias.

• Recently we have observed yet another peculiar type of M-RTN in 
the conductivity  of low doped LaxCa1-xMnO3 manganite single 
crystals. Robust M-RTN appears in a very wide temperature range 
and is characterized by completely magnetic field and bias 
independent switching rates.

M-RTN in manganites



La1-xCaxMnO3: Low Ca-doping
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Phase diagram from: 
M. Pissas and G. Papavassiliou, J. Phys.: Condens. Matter 16 (2004) 6527–6540

La1-xCaxMnO3: Low Ca-doping
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Phase diagram from: 
M. Pissas and G. Papavassiliou, J. Phys.: Condens. Matter 16 (2004) 6527–6540

La1-xCaxMnO3: Low Ca-doping
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Phase diagram from: 
M. Pissas and G. Papavassiliou, J. Phys.: Condens. Matter 16 (2004) 6527–6540

La1-xCaxMnO3: Low Ca-doping
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Phase diagram from: 
M. Pissas and G. Papavassiliou, J. Phys.: Condens. Matter 16 (2004) 6527–6540

La1-xCaxMnO3: Low Ca-doping
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La0.86Ca0.14MnO3 single crystal



120 130 140 150 160 170 180 190

0.1

0.2

0.3

0.4

0.5

D
u

ty
 C

yc
le


 0.10 mA
 0.25 mA
 0.40 mA
 0.55 mA

Temperature (K)

D

Robust M-RTN: duty cycle



140 150 160 170 180

0.0

0.2

0.4

0.6  0.10 mA
 0.25 mA
 0.40 mA
 0.55 mA

R
T

N
 a

m
p

lit
u

d
e 

(
)

Temperature (K)

Robust M-RTN: amplitude



R
high

R
low

V

V

V
dn

V
dn

V
up

 0.4 mA

vo
lta

ge

R
low

R
high

current 0.4 mA

V
up

M-RTN due to resistivity fluctuations



R
high

R
low

V

V

V
dn

V
dn

V
up

 0.4 mA

vo
lta

ge

R
low

R
high

current 0.4 mA

V
up

M-RTN due to resistivity fluctuations



R(T,I) La0.86Ca0.14MnO3 single crystal
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RTN toy model
RTN consists in switching of a fraction β of the total sample resistance 
between current-dependent resistivity R(T,I) and current-independent, 
saturated high resistivity Rh(T ). 

b(160 K)=5.7 → β , = 
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R(I@160K) = b [ Rh(160 K) − (147 − 98.2 𝐤𝑰 ]

R(I@160K) = 0.09 + 0.556 𝒌𝑰

(160 K)= 162.5 
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Dynamic current redistribution as TLF
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Dynamic current redistribution as TLF
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M-RTN Feedback mechanism
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Meyer-Neldel rule
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•Macroscopic RTN in superconductors appears due to dynamic coexistence of 
ordered and disordered phases of vortex matter. Disordered vortex matter is 
injected into a sample through the edges, due to vortex edge contamination 
mechanism. 

•Macroscopic RTN in CMR manganites is typically associated with strong PS and 
coexistence of phases with markedly different magnetic and electronic properties  
or, alternatively, with fluctuations of magnetic moments in large FM domains 
around Tc. Novell, robust M-RTN is due to dynamic current redistribution assisted 
by Meyer-Neldel feedback mechanism. 

•The common denominator to M-RTN in strongly correlated systems is phase 
separation resulting in dynamic coexistence of phases with different properties.

Can Macroscopic RandomTelegraph Noise appear in physical 
systems which are not strongly correlated?

Macroscopic Random Telegraph Noise
Conclusions
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9.4 GHz FMR 
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LCMO 0.18 - Ageing
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LCMO 0.14 magnetization
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Integrated second spectrum



Integrated second spectrum



R(T,I) La0.86Ca0.14MnO3 single crystal
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Ph.D. thesis Yossi Paltiel – Edge contamination model
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Amplitude modulated M-RTN
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Amplitude modulated M-RTN
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Amplitude modulated M-RTN
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Amplitude modulated M-RTN
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