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An imaging technique has been created (using a focused He-Ne laser beam as
a probing signal) capable of imaging the grain structure of HTS thin films with
2-3 u spatial resolution. It is based on detection of an inductance change of a
single-layer flat pick-up coil, placed at the face of the specimen. This leads to
frequency changes of a stable tunnel diode oscillator. Test device enabled
2D-mapping of the grain structure of the bridge-shaped YBaCuO film. Basically,
the method is capable of imaging fine peculiarities of normal-metallic to
superconductive phase transition and 2D-current distribution, as well as may
identify localized defects in thin HTS-materials with sub-x spatial resolution,
using non-bolometric response. However, the achieved 2-3 u resolution of a
bolometric nature (in a given device with ~3 mm-size coil) is limited and depends
on how narrow is possible to focus the probing beam, while the own spatial
resolution of the tested flat-coil technique is better than 0,1 g, and can be
improved by 1-2 orders of the value by reducing pick-up coil size.

Keywords: single-layer flat-coil-oscillator, SFCO, low temperature, laser
scanning microscope, LTS, HTS, imaging.

Introduction. One of reasons why the nature of high-7, superconductivity
(HTS) is not clear yet is lack of methods for sensitive study of normal to
superconductive (N/S) transition in HTS at start of the superconductive (SC) state
formation [1]. The Meissner expel precursor and posterior fine effects detected in
YBaCuO films recently [2, 3] point out the presence of unknown inter-phase
physics near 7. [3, 4], to be studied experimentally in so tangled fluctuation
temperature region. A single-layer flat-coil-oscillator method (SFCO-technique,
Fig. 1) [5, 6], which could detect such fine effects (due to 6 orders relative
resolution), seems may also help in studying properties of industrial HTS-
materials. That is urgent, because as is admitted now the performance of industrial
materials (first of all, their current-carrying ability) is close to the saturation.
Achieved parameters are far from the ones in short samples [1]. This is also due to
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low abilities of acting methods, hindering to clarify reasons and mechanisms,
leading to current limitation in HTS. Although widely used magneto-optical (MO)
imaging method makes visible magnetic field entering into the HTS [7],
nevertheless signals are noticeable at temperatures far below 7. only. There is need
to improve a spatial-resolution of experiments too. Besides, MO-imaging may not
visualize a distribution of currents inside the material. That enables a laser
scanning microscopy (LSM) with about a micrometer spatial resolution (based on
resistive tests [8]). However, it gives no signals below the temperature T,
when the specimen loses its resistance. So, lack of high-resolution modern
methods is still one of main reasons, why the nature of HTS is not revealed
yet, and why the scientists failed in their attempts to improve current-carrying
abilities of industrial HTS. While the problem how a cable production technology
affects SC filaments/films original properties that the cables and tapes consist of
(especially on their current-carrying capability) still remains one of topics of a
prime importance in a large-scale high-7, superconductivity area.
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Fig. 1. Schematics of a single-layer flat-coil-oscillator based test-method, serving a basis for our ima-
ging technique. Insets: the circular-shaped pick-up coil (& . ~3 mm) and the coupling coil.

To conduct tests in HTS cables and tapes (all the more, in films and
filaments they consist of), especially at start of transition one needs to use a method
with super-high spatial resolution, enabling to extract peculiarities of properties in
thin film structures (with small signals). If such a technique may also visualize
current line distribution inside the HTS tapes, difficulties in area can be solved. We
discuss an imaging technique based on the SFCO-method (Fig. 1).

Imaging technique: results and discussion. One of advantages of the
SFCO-method is its ability to detect fine details of transition between normal and
SC phases in tiny, plate-like objects. But while testing thin film structures, we deal
even with smaller objects with too small signals. So, an instrument should have
enough resolution for such objects too. The task is feasible, because one of the
ways to improve spatial resolution of the flat-coil method is to reduce the coil size
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(up to the sample size). We see no problems for test devices with coils up to 1 mm
in diameter. Such perfection of the method will permit to reach 5-6 orders
signal to noise ratio even for 0,5x 0,5 mm® area samples [6]. But for improved
technique one needs lithographically made coils [9], instead of the hand-made
present ones shown in Fig. 1. Such a serious perfection of the method resolution is
crucial for z~size HTS-structures to essentially increase the measured signal level.
Due to such high capabilities of the SFCO-method, an imaging technique
was created using a focused laser beam as a probing signal capable of imaging
properties of HTS thin film structures. It operates as follows: irradiating locally
film by the laser beam, the highly sensitive SFCO-technique, schematically shown
in Fig. 1, allows detection of a local density of the Cooper pairs by scanning the
laser spot over surface of a film (Fig. 2). If the local pair density is modulated by
the transport current (or by other physical/technological factor), the technique in
Fig. 2 may visualize 2D-map of electron pairs density, and so, the current distri-
bution. Basically, the own resolution of the given flat-coil device (with ~3 mm-size
coil used) is ~0,1 . But the resolution of the present imaging technique is
limited not by the abilities of the flat coil method. It depends on how
narrow is possible to focus the laser beam by lenses. The minimal value of the laser
spot is ~1,5 u, if use precisely focused He-Ne laser beam as a probing light.
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Fig. 2. Schematics of the SFCO-method based imaging technique, which uses a focused He-Ne laser
beam as a probing signal.

Thus, created imaging device enabled 2D-mapping of the grain structure of
tested YBaCuO film-bridge (Fig. 3). It also permitted to visualize changes in a
surface impedance of the same bridge at N/S-transition (Fig. 4). Achieved in our
experiments resolution is 2—3 . That is close to the focused spot (~2 ) of the used
He-Ne laser beam.

Note that the flat coil’s testing radio-frequency field may also be distorted by
the low-T7, SC (LTS) normal-metallic film, during its N/S-transition. But difference
in distortion is much more in the case of HTS. That is due to higher value of a skin
depth in oxide SC in comparison with the ones in LTS. This is because of
considerably higher resistance of HTS in a normal state. So, the MHz-range testing
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radio-frequency field, applied at a face of the HTS-film, penetrates across the
whole thickness of the thin film in a normal state and screens in SC state almost
completely. In contrast to this, LTS-film with the same thickness screens strongly
applied field in both normal and SC states. So, the method may be applied to study
N/S-transitions of LTS-films too, if the thickness of the film is less than the depth
of'its skin layer.

Fig. 3. 2D-map of a surface of 4,0 mm long and 0,2 x thick YBaCuO bridge, detected by frequency

of oscillator. Dark (central) area (small numbers) represents the grained structure of a bridge

(200 ¢ wide (horizontal) and 100 u long (vertical)). Bright region (left and right sides) is the

substrate. Mapping duration is ~3,5 hours. 7=77 K. Scan step w~1,54, laser power P~0,1 mW, pulse

duration — “switched on” ~0,7 s (provides enough signal level), “switched off” ~3 s (thermal flux
could disperse in a laser spot).
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Fig. 4. 2D-imaging (visualization) of a phase transition of the tested YBaCuO composition HTS thin
film bridge (200 x wide) from the superconductive (7~78 K) to normal (7~95 K) state.
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Note also that according to our earlier study [10] the flat-coil method is
basically capable of imaging 2D-current distribution in thin film structures with
sub-micron spatial resolution, using bolometric or non-bolometric response. Its
modification (if combined with MO-imaging or with scanning electron microscope
(SEM) systems) will also give the similar results in the field of superconductive
tapes and coated conductors. As a result, such a method may permit to clarify the
reasons and mechanisms leading to the current limitations in industrial HTS-
materials.

This study was supported by the Armenian National Foundation of Science
& Advanced Technologies and U.S. Civilian Research & Development Foundation
under Grants #ISIPA 01-04, #4RP2-3229-YE-04 and #UCEP 07/07. The study was
partially supported also by state sources of Armenia in frames of the R&D project
#72-103.

Received 16.10.2008

REFERENCES

1. Proc. of 2006 Applied Superconductivity Conference (ASC’2006), Seattle, USA, IEEE Trans.
on Appl. Supercond., 2007, v. 17, Ne 2.

2. Gevorgyan S, Kiss T., Ohyama T., Inoue M., Movsisyan A., Shirinyan H., Gevorgyan V.,
Matsushita T. & Takeo M. Supercond. Sci. Technol., 2001, v. 14, p. 1009-1013.

3. Gevorgyan S.G. Three Distinctive Temperatures of the N/S Phase Transition Detected by the
SFCO Test-Method. Conference Materials on the Occasion of the 50™ anniversary of YSU SSP
chair foundation, Yer.: YSU Press, 2007, p. 96-111.

4. Gevorgyan S. J. Contemporary Physics (NAS of Armenia), Allerton Press, Inc., (see also in:
arXiv:cond-mat/0501416), 2003, v. 38, Ne 2, p. 45-50.

5. Gevorgyan S, KissT., Movsisyan A., Shirinyan H., Hanayama Y ., Katsube H., Ohyama T .,
Takeo M., Matsushita T., Funaki K. Rev. Sci. Instr., 2000, v. 71, Ne 3, p. 1488-1994.

6. Gevorgyan S, KissT., Ohyama T., Movsisyan A., Shirinyan H., Gevorgyan V., Matsushita
T., Takeo M. and Funaki K. Physica C, 2001, v. 366, p. 6-12.

7. Polyanskii A.A.etal. Sov. Tech. Phys. Lett., 1989, v. 15, p. 872.

8. Abraimov D., Feldmann D.M., Palyanskii A.A., Gurevich A., Daniels G. and Larbalestier
D.C. Appl. Phys. Lett., 2004, v. 85, Ne 13, p. 2568-2570.

. “Spiral Chip Inductors” (U.S. Microwaves production - Www.uswicrowaves.com).

10. Gevorgyan S., Shirinyan H., Manukyan A., Sharoyan E., Takeo M., Polyanskii A. et al.

NIM-A, 2004, v. 520, p.314-319.




Proc. of the Yerevan State Univ. Phys. and Mathem. Sci., 2009, Ne 2, p. 50-54.

Pupuly FRYZ punuiph hwnhluyhtt jupnigdusdph nkuwbjhugnidp dhwpbpn
hwpp §ndny qghubpunnph dkpnnny (SFCO-nkhthlw)

Uwnbnéyk k 2-3 dhd nwpwswljut nisnttwlnipjudp pupdpopdwunhdwtiu-jhu
gbiphunnpnhs  (FRA2) pwpul] pwnuipubph  hwwnhlughtt  Jurnigdudpp
wnbuwbbkh nwupdung  wbkjbhljw, npnd oquuugnpdynid L He-Ne jwqbkph
fwnwquypp npybu gnunuynpnn wqpuiowi: Uy wnkubhjut hhdudus E
dhwobpwu hwippe §ngh hunnijnp-ynipjut thnthnjunipjut ypw, Epp Yndp huyyynid &
wnwthwl] wdniph Eplkuptt: tw hwbghgumd b poiubjughtt nhonnd wljnhdugynn
Juynit ghubpuwnnph ubthwlwt hwdwnipjut hothnjudwin: Unbnddws uwuppp
Py E nwhu uvnwbwy YbaCuO punutph (uupewly) hmnhljuyhtt junnigdusph
Epyswth wwwnbpp: Cunhujipuybu wju dbpngp Jupnn £ wbuwbbh gupdulg
unpdw—qgiphwunnpnhy dwquyhtt wmbgdwt tnipp wpwbdbwhwinlnmipniunbpt nu
hnuwtputph btplswih pwppunidp, phyywbue twl pupwl FRAZ  Wnipbpnd
pugwhuynk]  wbnuyhtt  wpwwniubkpp  Bipwdhlpniwghtt nwpwdwuljub
nusnitwlmipjudp: Fuyg okipdughtt ptinyph wqpupwuttph dhongny gnpénn nt 3
Ud suthbp niubkgnn Yndnd vwppnid dbnp phpdws 2-3 dijd nisnitwlnipiniup
uwhdwiwthwlynud £ nt jupudws E ipwihg pk nppwt £ htwpudnp Yhqujbwnbg
qnunuynpnn Jwunwquypp: Uhtsptn thnpdwupiué hwupp Yndny ghkub-puwnnpp
ubthuwb nupubwlu nsnitbwlmpiniup 0,1 dyd-hg wykh L nr htwpudnp &

1-2 Yupgny b Ubdwgul)' thnppugulinyg ghnklunnng Yngh swhbpp:

Busyanuzanus rpanynsapaoit ctpyktypsl BTCII-1ieHKkH ¢ MoMOIIbI0 TeHepaTopa Ha
TUIOCKO# ofiHOCTOMHO# Katyiike (SFCO-TexHuKa)

Co3maHa TexHUKa, CTIOCOOHAs BH3YaJH3HPOBATh TPAHYISAPHYIO CTPYKTYPY TOHKHX
BBICOKOTEMIIEPaTypHBIX CBepXNpoBoAHUKOBEIX (BTCII) miueHok ¢ mpocTpaHCTBEHHBIM pa3-
pemenneM 2—3 mrm, UCTIONB3YIOMas (OKyCHpOBaHHOE m3NydeHne He-Ne-na3epa B KauecT-
B€ 30HIMPYIOLIEr0 curHayia. TeXHHWKa OCHOBaHA Ha JETEKTUPOBAHUM M3MEHEHUS MHIyK-
TUBHOCTH IUIOCKOH omHOCTIOoHON npuemHoi karymku (I[IOK), pacnonoxeHHON Ha moBepX-
HOCTH 00pa3ia. DT0 MPUBOIUT K M3MEHCHHIO YaCTOThI aBTOKOJICOAHHI CTAOMIBHOIO I'eHe-
paropa Ha TyHHeNbHOM anoje. Co31aHHBIH HAMHU NPHOOP MO3BOJIMII OIYYUTH JBYMEPHYIO
KapTHHY TPaHyJSIPHON CTPYKTYpbl MocTHKa n3 Y BaCuO-mienku. B npuHImme, 3T0T MeTox
CIOCOOEH BU3YaIN3UPOBATh TOHKHE OCOOCHHOCTH CBEPXIPOBOJIAIIETO (Aa30BOTr0 IEepexoaa
U IByMEPHOTO PACIPENENICHNs] CBEPXTEKYINX TOKOB, a TAKXKe NACHTH(OUIINPOBATDH JTOKAIHU-
3oBaHHbIe JedekTsl B ToHKHX BTCII-Marepuanax ¢ cyOMHKpPOHHBIM IPOCTPAHCTBEHHBIM
pa3pemeHneM ¢ MOMOIIbI0 HEOOIOMETPUUECKOTO OTKINKA. XOTS U Ha JAaHHOM Ipubope ¢
3-X MUJIIMMETPOBOM HpPHUEMHON KAaTyHMIKOM HAaMU JOCTUTHYTO paspelieHue 2-3 MKM,
00yCJIOBIICHHOE OO0JOMETPUYECKON IMPUPOLOH, HO TPENEeNIbHOE pPa3pelIeHHE 3TOro KOH-
KPETHOTO BH3YaJIM3HPYIOIIEro NprOopa OrpaHMYEeHO U 3aBUCHT OT TOTO, HACKOJIBKO YAAcCT-
csi coKycHpoBaTh MPOOHBIN Ja3epHBIH Jyd. B TO ke BpeMsi COOCTBEHHOE MPOCTpaH-
ctBeHHoe paspemieHne SFCO-TexHuku ¢ 3-X MHJUIMMETPOBOM KaTYHIKOW Iydlle, 4eM
0,1 mMxm u maxxe MOXET OBITh yNy4IIEHO Ha 1—2 mOpsAKa IyTeM YMEHBIICHHS pa3MEpoB
NPUEMHON KaTyIIKH.



