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This work presents the study of some new anomalous
electromagnetic effects in graphite-like thin carbon 
films. These are:

� Fast switching (10-9 sec) of electrical conductivity

� Detection of microwave radiation and its temperature 
dependence

� Oscillations of film stack magnetization in the magnetic 
field of 1-5 T.

� Generation of IR radiation near the switching moment

Results of magnetic force microscopy (MFM), dc SQUID magnetization,

reversed Josephson effect (RJE), and resistance measurements in thin

carbon arc (CA) films are presented. The observation of a RJE induced

voltage as well as its rf frequency, input amplitude, and temperature

dependence reveals the existence of Josephson-like Junction arrays.

Oscillating behavior of the DC SQUID magnetization reminiscent of the

Fraunhofer-like behavior of superconducting (SC) critical current in the

range of 10000 Oe has been observed.  
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Current-voltage characteristic of 

field-effect switcher based on 

graphite-like CA film

Current-voltage characteristic of 

field-effect switcher based on 

graphite-like CA film
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Видеоклип-иллюстрация

работы переключателя –

ограничителя тока
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Benefits of field-effect Josephson-

like carbon switchers

Benefits of field-effect Josephson-

like carbon switchers
1. Switching time – 1 nanosecond.

2. Temperature limit – up to 650 К.

3. ON/OFF conductivity ratio – 104-105

4. Today current range: 5mA- 1A

5. Absence of spark, “chatter”and arc

5. Small dissipation energy

6. In the state “OFF” the current is absent
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Структура пиролизных
углеродных пленок

низкая Т пиролиза более высокая Т пирол

10-50 А
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Движение квантов магнитного
потока в углеродной пленке
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Движение решетки
джозефсоновских вихрей в

слоистой среде
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Возможность КТСП в
допированном графене
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Possible superconductivity at room temperature
K. ANTONOWICZ
Physical Institute, Nicolas Copernicus University, Torun, Poland

IN this paper some observations are presented on an anomalous current in aluminum-carbon-aluminium
(Al-C-Al) sandwiches, at room temperature, which in several respects behaves in the same way as 
the Josephson current might be expected to do. At first the switching effect was studied in Al-C-Al 
sandwiches discovered by Ovshinsky1 and Pearson2 in chalcogenide glasses and amorphous 
oxides. In carbon sandwiches subjected to proper electrical pulsing, changes in resistance of a 
factor of 1,000 were found, the changes being reversible and with a memory time of the order of a 
few days3.

Nature 247, 358 - 360 (08 February 1974); doi:10.1038/247358a0

Paper of K.Antonowicz about 

room temperature SC in carbon 

films published in Nature

Paper of K.Antonowicz about 

room temperature SC in carbon 

films published in Nature
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Возможность КТСП в
нанокластерах



30.03.2011 Семинар ОЭФ Троицк Моск. обл. ИЯИ
РАН 1 марта 2010 г

12

Возможность КТСП в
углеродных кластерах С28
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Temperature dependence of the DC 

voltage induced by microwave 

radiation in CA film

Temperature dependence of the DC 

voltage induced by microwave 

radiation in CA film

Температурный предел
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Зависимость наведенного постоянного напряжения от
частоты приложенного ВЧ сигнала
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Смена знака постоянного напряжения, наведенного
приложенным ВЧ напряжением с частотой 1.6 МГЦ
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Зависимость величины наведенного постоянного
напряжения от частоты приложенного ВЧ сигнала
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Switching Time of Josephson FES Based on CVD Carbon Film
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Sharp increase of magnetic clusters intensity in 

CA film after magnetization of permanent 

magnet

топология Магнитная структура
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3D визуализация топологии и магнитных кластеров из
предыдущего слайда

Гроздья квантов магнитного потока
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3 D визуализация упорядоченной решетки магнитных
вихрей

Кванты магнитного
потока
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SQUID measurements of CA film magnetization 

vs magnetic field at various temperatires
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Magnetization oscillations in CA films in the 

magnetic fields of 1-2 T at various temperatures
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Осцилляции под «микроскопом»
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Electrical circuit for measurement 

of swithing time

Electrical circuit for measurement 

of swithing time

VS

R1=50 Оhm С1=100 Pf

CF
Oscilloscope

LeCroy
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Registration of optical radiation under 

switching in CVD film by slow photodiod

Registration of optical radiation under 

switching in CVD film by slow photodiod
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IR radiation registered with fast 

photodiod under switching
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Зоология носителей заряда в
графите

� E(p) =p2/2me* - безмассовые Дираковские
квазичастицы – носители
En=±v(2eħBn/c)1/2 – их уровни Ландау в магнитном
поле – квантовый эффект Холла в графене! Связь с
2D QED и дробными зарядами!

� E(p) =±p2/2me* - массивные киральные
квазичастицы
En = ±ћωc[n(n–1)]1/2- уровни Ландау для киральных
носителей – связь с 2D киральной квантовой
теорией поля!

� E(p)= p2/2me* - нормальные носители заряда
En = ћωc(n + 1/2) – их уровни Ландау в магнитном
поле
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Эквидистантная структура уровней энергии носителей
заряда в углеродной пленке

Уровни (Ландау) квантования в
собствен. магнитном поле тока
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КОНЕЦ ОСНОВНОЙ
ПРЕЗЕНТАЦИИ

КОНЕЦ ОСНОВНОЙ
ПРЕЗЕНТАЦИИ

БЛАГОДАРЮ ЗА ВНИМАНИЕ!
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Possible applications of Josephson-

like carbon structures

Possible applications of Josephson-

like carbon structures

Josephson-like Carbon Films
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Josephson-like carbon film deposited 

on the quartz plate

Josephson-like carbon film deposited 

on the quartz plate
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CVD unit for graphite-like carbon 

foil deposition

CVD unit for graphite-like carbon 

foil deposition
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Russian patent on carbon Josephson structureRussian patent on carbon Josephson structure
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Kazimierz Antonowicz (1914-2002)
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Структура алмазоподобного
углерода


