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Spatial Distribution Analysis of Critical Temperature
in Epitaxial Y-Ba—Cu—O Film Using Variable
Temperature Scanning Laser Microscopy

C. Kwon, 1.. B. Wang, 5. 5¢o, B. H. Pirk, and Q. X. Jia

Abstract—We have investigated the spatial disteibution of
superconducting  transition in an epitaxial Y Ba, Cu,O- Al
using variable temperature seanning luser microscope (VTSLA )L
VTSLM creates an image of the ac voltape response. AV (o, yl.
due o an ae modolated laser beam, which is proportional o
AT (). In the resistive transition region, there is a strang
correlation between the VTSLM images and the resistance of (he
smple. When the sample is making @ poor thermal contact to the
heat bath, the large 8%V (@, ) region shifts toward the ends of the
bridge while the sample resistance deereases. This result is due
to the variation of surface temperature along the sample created
by the heating at the contact resistance andfor the poor thermal
contael between the sample and the heat bath, However, even
after improving thermal contact, we still observe the distrilution
of superconducting transition, Since the local superconducting
transition aceurs within 1 K. we conclude that any samples with
superconducting  transition width larger than 1 K have local
nonunitormity.

drtefex Terms—Critical temperature, fihms, high femperature su-
perconductor, nonuniformity, scanning lser microseope,

[ INTRODUCT RN

INCE the discovery of superconductivily in cuprate oxides,
S;: tremendous ampunt of résearch hias heen devoted at un-
derstanding the fundamental properties ol these materials and
developing vanous power and device applications. The compli.
cated crvsal structure of high 1) superconductors (HTS ) leads
to their substantial spatial inhomogeneity, which is especially
imiportant becidse ol the very short coherence bength in those
matenials. Consequently, spattally resolved studies of HTS are
very elfective both to evaluate the general gualiy of the sam:
ples amd 1o determine local values of important parameters. In
conventionud transport measurements of uperconducting sam-
ples. the measured guantities such as critieal current densities
and criticil temperatures are averaged over the whole sample
and dopot refleet the loeal distribution of the quantities. Thus,
spatially résolved studies of HTS are needed 1o determine local
values of important patamiceters of the samples, Recently, mag-
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neto-optical (MO) imaging lechnigue has been successtully em-
ployed 1o study the flux penetration on couted conductors [ 1],
[2]. Another technigue is Hall-probe magnetometry using Hall
probe arrays to map the local maenetic Geld distribunon (3,
scanming unneling microscopy and spectroscopy were also em-
ployed tostudy the spatinl variation of superconductivity with
nanameter resolution [4], More direct measurement technigues
Lo study loecal varations of superconducting propertics in HTS
are the hot-spotscanming method such s low emperature scan-
ming clectron microscopy (LTSEM) [3] and low wemperatre
scanning luser microscopy (LTSLM) (6], [7). In LTSEM ex-
periments, @ de current bigsed sumple is scanned with the elec-
tron bewm causing i local perturbation at the point (. g} of the
e focus: The perturbation can be treated in good approxa-
mation as a local heating effect. LT5LM uses a focused laser
beam as o healing source, The detected voltage signal AV (2. y)
vields information abour crineal wnperatores 17,00, ), tran-
siton width AT (e b and enieal current densgities (e i)
| 54171,

Earlier we reporied that there is oo stroni correlation between
the VTSLM imuges and the resistance of the sample in the re-
sistive transition region |81, In this paper, we studied the spatial
distribution of superconducting crtical temperature, T{x, )
Fronm an epitaxial YBOO film in two different situgtions, In the
first case, the laree 81 (e w) recion shifts wowaed the ends of
the bridee with decreasing sumple resistance. Even though the
VTSLM amuages ure real, we helieve the images represent the
surfage temperature vartation. The situation is possibly due o
the heating at the contaet ressstance and/or the poor thermal con-
tact berween the sumple and the heat bath,

However, after the improvement of contaet resistance and
thermal contuet, VTSLM images sl show nonuniform su-
perconducting trapsifion in the YBCOQ film, The resulls show
thiae the loeal superconducting transition occurs within | K
sugeesting that any samples with superconducting transition
width Targer than | K have local nonunifarmie

I, SETUR AND EXPERIMENTS

The YTSEM uses a Helium=Neon laser (6328 nm) that is
modulated at o fregqueney. f,. using o standard mechanical
chopper. The laser beam is coupled into an optical fiber, and
o the ether end we used o microscope objective lens 10 focus
the beamy on the sample. The fiber and the lens are fastened
Lo i 3-uxis movable stage system that scans the: beam across
the sample i both horizontal and vertical directions while
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Fig, 1. The resistance versus temperature measuged. from the aght section
of the bridee (using E-F for current and C-D for vollage). (lasely Schemutic
dingram of the sample

simultaneously gathering the ac voltwee (AV. with f ) [rom
the sample vsing a lock-in amplifier, The detailed VTSLM
setup can be found in [8], [9]. We used a TXC bias current of
5.0 mA and the laser beam was modulated at abow 1.0 kHe.

The sample investigated by VTSLM was an epitaxial
YBasCuqO- (YBCO) flm on & LaAlOy substrate. and it has
been photo-lthegraphically patterned o a 300 pm-wide bridge
as shown in Fig, | (inset), Fig. [(h) shows the resistance versus
lemperature measured  from the mght seetion of the bridge
fusing E-F for correm and C-13 for voltage ).

HL RESULTS AND DISCUSSI0N
A Surface Temperature Varialion

Fig, 2 shows VTSLM images ol the nght section teken when
the resistance was () 843 0, (hy 464 00 () 200958 (d) L35 €0,
and () O, 149 2. The bias eurrent was 5 ma. The area with Juree
voltage response shitls toward the ends of the scanned area with
decreasing resistance, Since a1V is related to the dAx, 4] /dT,
the results suggest that the superconducting transition sarls in
the middle and spreads along the bridge. With decreasing tem-
perature and resistance, &V in the middle of the images changes
from the lareest value when the sample resistance is 8,43 £ in
Fig. Zia) 1w almost zero in Fig. 2{b), That manifests sepercon-
ductivity with zero resistance in the middie section, even though
the resistance ol the sample has not reached cero. Similar images
were abtained with the same resistance values when we varied
the laser power between 5.2 mW and 20 mW and the bias cur-
rent between (01 meA and 3 nea.

Even though we obtained reproducible images from the
sample, some results make us to guestion if there 1s nonuniform
temperature distibution ar the sample. The image waken at
the lowest resistance |[Fig, 2(el] shows that the bright area
in one side is shifting toward the current lead (E in Fig. 1)
suggestng the closer w the current contact area the lower the
1. In addition, the other end closer 10 the center of the sample
15 sull undergaoing superconducting transition. Y TSLM images
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Fig- 2. VTHEM images wkenan (o) 83388 b4 ad 80 (o) 21952, 1y D351,
and (e) AL 0 psine E-F for corrent and C-0 for woltage, The Images are
20 mn 045 aun seans with 1 pemesteps,

tuken from the left section taken using G-H for current and
A-B lor voltage show the same trend; the superconducting
transition starts in the middle, spreads along the bridge o
both ends, moves toward aocorrent bead (H in Figo 1), and the
lowest 1 occurs at the side closer o the center of the sample.
From the close inspection of the images, we concluded the
results are due e the heating a1 the contact areas andfor the
poor thermal contact berween the sample and the heal bath (the
sample holder). However, it does not discount the capahility of
YTSLM 1o map the local superconducting properties,

B, T Distribution

In order to improve the thermil contact between the sample
andl the heat bath, we used ervogrease instead of GE vanish for
sample mounting. Fig. 3 shows the resistive iransition measured
using F-H for current and A-C for vollage, We used the same
configuration of ¥ TSLM measurements with 3 mA bias current.,
Fig. 4 s VTSLM images taken at {a) 31.6 12, {(b) 22.5 13 and
i) 385 80 The images are 4.6 mm % 0.8 mon scans with 40 g
steps: The edges of the bridge are marked with arrows, and the
sample 15 shghtly tihed with respect 1o the scan directions.

At the lowest resistance |Fig. <Hal]. the image shows twa
bright regions. With inéreasing resistance, the bright regions are

shifting wwweard left ol the image, The images show that there 15
a spatial distribution of T,

In Fig, 4, bright regions are rather randomiy placed in the
sample. Compared with Fig, 2, we do not observe any system-
atic change in the images w indicate nonuniform thermal disti-
bution. Hence, we conclude that the distribution of T, in Fig, 4
is genuinely due 1o sample,

Since the images arg.a map of £17, we can determing the tem-
perature in which each point undergoes superconducting transi-
tion. The middle spot in Fig. 4ib) is brighter than those around,
but the same area gets dimmer in Fig, 4(¢) It indicates that
superconducting transition at that spot begins around 31.6 &2
and has the largest AT, ) /AT around 22,4 03 More detailed
study suggests that the width of superconducting transition s
less than 1 Koo a Jovalized scale, even though that measured by
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Fig. 3. The resstance versus lempeniture measured from the leftsection of the
bridgir fusing F-H tar corrent and A-Cfor voltage),
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Fip. 4, VTSLA iruges tken ot (o) SRS ohp 22500, and (2 36402 using
F-H tor comrent and A-C for villtage. The images are 4ot om0 008 mm scans
with 4 et steps, The edees of the brdee are marked wath armowes. and the
surmple s shightly tilted with respect to the scan dircciions,

trachitional d-probe lechnigue is much wider. Hence, any sam-
ples with superconducting transition width larger than | K have
local nonuniformity in /-

IV, CoxcLusioN

We observed o strong correlation hetween the VTSLM im-
ages and the overall resistance of the sample 1 the resistive

|EEE TRANSACTIONS N AFPLIED SUPERCONDUCTIVITY, YL X

transition region. [n one case, we observe a syste

1. due to the variation of surface h:nl;:cramr:.nlni;g;.
created by the heating at the contact resistimee &
thermal contact between the sample and the heat
after improving thermal contact, we stll observe
tion of superconducting transition from the sample, ¥
ages shew that local superconducting ransition og
| K. gven though the superconducting transition
sample is 3 K measured by 4-probe measurements.
result proves that VTSLM provides local properties th
be obtained by 4-probe transporn measurements, Fus
we can conclude that any Y BasCuy O Gilms with !
tiZng transition width larger than | K have nonunifis
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