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Abstract—We have investipated the spatial distribution of
resistive properties in 2 mm wide and 10 mm long epitaxial
superconducting llms using a variable temperature scanning
biser microscopy (VTSLM) This technique measures ac voltage
ol Bolometric response created by a laser beam, YWe have ohserved
the spatial nonuniformity of superconducting transition temper-
dture in the resistive region, which has never been reported in
samples wider than 300 jom using scanming laser technigues. This
result is a significant step toward developing VTSLM for coated
conductor dingnosis,

Iudex Termy—FEpitaxial supereonducting film, spatial nonuni-
formity, superconducting transition temperature, variable tomper
ature seanning laser microscopy.

[ INPRODBUCTION

HE DISCOVERY of high temperature superconductor

has been stimulating scientists and engineers to develap
practical applications, For power applications. high critical
cirrent density is necessury. Many experiments have shown that
the critical current density of high temperature superconductors
s controlled by the microstructure: of the materials |1]-]4].
The critical current density JJ. and eritical temperature T,
fmm the transport measurement reflect the average value of
the whole sumple. The conventional transpart measurement
does not provide information about J. and 7). in local regions,
Therefore, it is important o develop technigues to study the
spatial distribution of J. and 7. This will provide us some
nformation about J. and T, in local regions, so that we can
improve the microstrueture and achieve higher eritical current
density, In order w evaluate local J. and T, some technigues
have been developed, such as magneto-optical (MO} imaging
[31. 6], Hall-probe [7]. scanning wunneling microscopy 8],
low temperature scanning electron microscopy [LTSEM) 9],
md low tempersture scanning laker microscopy (LTSLM)
0} 14]. We have used a variable temperature scanning |aser
microscope (VTSLM ) to deteet and map the spatial distribution
of J.and T of larger-scale high remperature supercondyctors.
Using this technique o investizate 2 mm wide and 10 mm long
epitaxial SmBazCuyOr and NdBaxCuar on LaAlOy films.
we have found a sputial nonunilormity of 77 in the resistive
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Variable Temperature Scanning Laser Microscopy
of Wider Width High Temperature
Superconducting Films
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region. Such results have never been reported in samples wider
than 3H} yem using LTSLM and ITSEM, The resistive transi-
tion shows the sionature of different rransition temperatures,
and the areas with different transition temperatures are clearly
visible in VTSLM images.

[1. EXPERIMENT

A 5.2 mW Helivm-Neon laser beam (wavelength 632.8 nmj,
which is medulated at 1 KHz by a standard mechanical chopper,
iscoupled inte an oprical liber and focused on the surfuce of the
swnple by a lens, The fiber and lens assembly is fastened 1o
a thre-uxis movable stage system which scans the laser beam
on the sample surfiace in bath the horizonlal and vertical direc-
tiens. The temperature dependence of resistance of the samples
wis measuted by 4 four-probe technigque: The platnum wires
were soldered on the surface of the sumple using indium. The
ac voltage data were acquired by a lock-in technique using a
program wrillen im Labview. The ac vollage data was transform
infa s imaze by a commercial soltware: The remperature-of the
sample wus controlled by the cryogenic system of the cryosiat
and a temperature controller, The detailed experimental setup
can be found in [13] and [ 14].

The samples investigated by VTSLM were SmBas CuyO- and
NdBusCugs epitaxial flms on LaAlOy deposited by pulsed
laser deposinon (PLD}. The films were 250 nm thick, 2 mm
wide, and 1 mm long.

I, RESULTS aniy THSCUSSION

Koelle er al. [9] have studied superconducting 1ilms by Tow
temperature seanning electron microscopy (LTSEM). The elee-
tron beam isareated as « local heating source und causes a local
perturbation at the point focused on the sample. The detected
voltage signal ¢V () will reflect the information of local T
and /. The voltage signul is given by |4]

) ] il i) . gl yd ]
SV [y = | il ar) o =D ey s L
! Julz, u) ST e, ) or
w A w0 (300 (1)

where jy{ 2. y) is the local curremt density, plie, i) the local spe-
cific resistance; and A the dizsmeter of the disturbed dren. Sim-
ilarly, in scanning laser microscopy, the only change is that a
laser beam replaces an electron beam, The liger beam eauses
a &V iz, g from the local heating effect. Previously, the spa-
tial distribugion of the critical current was studied in epitaxial
YBOO films:. devices; and (Bi,Ph)oSrsCasCus 0y, wires using
LTSEM and LTSLM [10]-[12], [15].
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In this work, we have measured the optical response where the

spmple underyoes o superconducting transition, but still is in the

reststive state. The optical response of SV 0 y) is dominated
by gl )/ 0T with minimad conteibution Trom e, g (T,
hence we can obtain the distribution of the eritiead temperaturg

i the sample.

Alhough many experiments bave been mude insupercondue
tors, the samples were Hmied o parow patterned films and de-
vices of aboul a few pm wide. We have studied the optical re-
spond Trony wide sumples o develop scanning Liser microseopy
for eoated conductor dingnosis.

Fig. | shows the temperature dependence ol the resistunee of

SmBanCug O film. The wide superconducting transition width
indicates the nonumiormity of 1. in the sumple: We selected
this sample in order 1o nvestizale whether or not the VTS1M
can detect this nonuniformity:

With ¥TSLM, we measured the veltage response 81 (i, )
with respect to the beam position (. g ). and generated an image
of &V {zay) Fig 2 isa VISLM image taken from the Smi23
film with abias current of 13 mA w 78,1 K while the sample is
in the resistive staw

The distunce between the two voltage electrodes is 2 mum., and
that between the pwio carrent electrodes 157 mim, The electrodes

Temprersiuee dependence of the resistunge of the SmBa, Cuy O- Alm

el thie
SBas Oy il The bias corren 15 13 mA and the scanmmestepas M) jrm
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Fizg, 3. Grayescile images coresponding e the e voltage 85700, g of the
Sombay Cug O flm, The bins curment i 15 mA (a) 30 jrmescanning stepin bod

roand y dinections, () Spm séanmnge step in both roand s dicections for he
fare oo voltage 81700 1) signal roginm

are placed outside of the seanned area, The sofid linégs mark the
edees of thesample, The tonal scanned ures is 1.2 mm = 3.4 mm,
and the seanning step is 30 pmein both the o and o directions.
The gray-scale bar shows the range of the ac voltage &1, As |
shown in Fig, 2. there is a distribution of &V (&, ¢) inside the
sumple. Bright regions correspond to the sample areas whese
SV ) ds large. On the other hand, black and eray regions |
have lonwer AV (e, o) values,

Ax seen from (1), there is an intimate relationship between
SV ) and Qpla, w) /0T when the sample is in the resis
tve state, e, T > TR = 0 0L The map of 8V (e )
taken by VTSLM représents mainly the local distribution
o dpta, g /T AL the transition regiom, Sl gl /0T of
@ superconductor s larger than that in the normal  state
(hpleeytfam 1 in YBCO) or in the superconducting
state (ol ) /0T = 0. We expect that the region with the
highest dplic, o) /0T appears the brightest. Hence, the ditferent |
brightness will correspond o ditferent Splr, 4} /07, which is
related o different locul T, In this way, Fig, 2 shows a spatial
nonuniformity of ¥ inside the sample.

In order to investigate the area with nonuniform 7, more
clearly, we scanned the eentral region of the sample. Fig. 3(a)
i5 a L.2x L8 mm scan with 30 pm step. and Fig. 3(h) is
adhfox 1O mm scan with 5 pm steps The overall shape of
&V (a9} in Fig. 3a) is the same-as Fig: 2.

One can find that the brightness corresponding o84 (2, y) f
changes more subtly in Fig. 3(b). This presents additional evi-
dence for the reality of a signal inside the sample.
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E & Gray-scale image corresponding 0 the ge valtaze 81700, 40 of the

Cus - Blm: The bigs current is 15 maA and scanning step s 20 pom in
£l odirecnons.

Fig. 4 shows the temperature dependence of resistance in
4 NdBuyCuy 07 film, Compared with the Smi23, the Nd123
ﬁ[l!‘: has a sharper superconducting transition with a higher
T}{ A= 080) = 857 K) indicating nio apparent distribu-
bon of 7., Fig. 5 is a VTSLM image taken from the central
region of the Nd123 film while the sample is in the resistive
sate at 888 K. It is an intensity plot of $V{r.y) from a
Mmm = 1.6 mm scanned area with a scanning step of 40
Sin both o oand o directions, Even though (his sample has a
Csharper superconducting transition, the spatial nonuniformity
of T is still clearly visible in the VTSLM image,

Despite of the differences seen from the resistive transitions,
both samples show a distribution of 1. from VTSLM. It is P
ding as to what are the main differences hetween these two
“amples, 5o Ftr, we have been able 10 relate the tolal arca with
o) W the sharpoess of the superconducting transi-
tion. As mentioned above, the 81 {ir, i) is proportional to the
el ) /6T which is related to the local 1.
cwith the same #V (i, y) have the same dple. y) /78, the local
T also is the same in these regions. This indicates that the hright
These two samples are measured aimost
A the mid-point of the /7 verses 1 curve, Thus we can evaluate
the unilormity of T distribution frism the ratio of the bright arca
o the scanned area in the image, We hm‘l that the bright arca of
the Smi23 sample is about 0,023 mm” in Fig. 2, while that of
the Nd 123 sample is about .12 mm?®, For the Sm123 sample,
e ratio of the bright arca to the scanned area 15 0.0094, while
that of the Nd123 sample is (0,036, Hence, a larger section of
the Nd 123 sample has the same 7)., The distribution of T in the
uniform than thatin Sm123. This agrees
with their temperature dependence of the resistance,

aince the regions
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Currently we are investigating the VTSLM images at dif-
ferent temperatures.in the superconducting transition region as
well as in superconducting region to study the distribution of
critcal current {J. .

Vo CONCLUSIONS

Two wider-width superconducting films have heen investi-
gated by variable temperature seanning laser microscopy, A spa-
tud nonuniformity of the superconducting transition temperi-
ture n the resistive region has been observed from the ac voltage
images of large seanned areas. These experimental resulls have
niever been reported in samples wider than 300 jem using scan-
ning laser technigues, Our experimentil results have shown that
the study of larger superconducting samples using YTSLM s
feasible. which is a significant step toward developing VTSLM
for coated conductor diagnesis,
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