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Remot electran bean induced currert (REBIC) measuremesthawe been carried out to investigate
electrically active regiors in YBa,Cu;O;_, single crystals Enhancd REBIC contrast found in
growth steps and othe topographt features of the samplesis discussd in terms of charged
oxygen-relatd defects The capabiliy of REBIC to image structurd inhomogeneitis cause by
strain or plastic deformatio in thes crystak is also establishedCharg carrig diffusion lengh has
bea estimate at different temperaturefrom REBIC linescan profiles © 1997 American Institute

of Physics [S0003-695097)03345-7

The investigatian of the defed structue of high tempera-
ture superconducter (HTSC9 ard its relation with their
transpot propertiesis a subjec of technologichinteres re-
lated to the developmenh of potentid devie applications.
Sone bean injection technique basel on the scanniig elec-
tron microsco (SEM), like electrs bean inducal voltage
(EBIV) and cathodoluminesceredCL), hawe bea applied in
the pag yeass to the characterization of thes materials Low
temperatue SEM-EBIV has bea usal to investigae trans-
port properties of superconductig thin films and Josephson
junctions? CL capabiliy to asseshomogeneit of different
HTSC in relation to oxygen contert and distribution of
oxygen-relatd defects has been previousy reported e.g.,
Refs 3-7. Electran bean induced current (EBIC) is another
SEM-basd techniqe which has bea widely employel in
the study of electrically active defecs in semiconducting
compound$. For EBIC measuremestthe formation of a
barrier, like a Schottky barrie or a p-n junction, is neces-
sary When a nondestructie methal is required the use of
an alternative geomety with two ohmic contacs at opposite
ends of the sampé is more appropriate This techniqwe is
called remoe EBIC or REBIC? Electron-hoé pairs created
by the SBEM electran bean are separaté by built-in electric
fields associate with differert chargel defecs ard produe a
currert in an externa circuit which, after amplification is
usal to image the spatid distribution of electricaly active
regiors in the sample REBIC has bea usel in the study of
the mechanism of electronc recombinatio and electrical
conductim of narrov gg semiconduct@ amd semi-
insulatirg material$®*! but its capabiliy to characterize
HTSC has been to our knowledge not previousy investi-
gated In this work, REBIC is usel to stud/ HTSC single
crystak in which the presene of regiors with enhancd elec-
tronic recombinatio has been observe by CL.°

Platelike YBa,Cu;0,_, (YBCO) single crystak grown
on top of the mek (Superconi Inc.) were investigated The
sample exhibited a Meissne transition onsé at 85 K.
REBIC measuremestwere performel in a Hitach S-2500
SEM. REBIC signd was detectd with a Matele¢ ISM-5
system Ohmic contacts separaté aboud 2 mm on the sur-
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faces were provided by silver pase with gold wires These
observatios were carried out at acceleratig voltages rang-
ing from 10 to 25 kV ard beam currens betwea 10 ° and
10" ’A. Temperatue was varied betwee 80 ard 300 K.
SBEM imagses in the seconday electron (SE) mode reveal
diverse topographi features in the crystak investigated.
Sone area shav rathe smooh surface crosse by growth
stes or terrace [Fig. 1(a)], while othe regiors show a lay-
erad structure also a consequene of the growth process
[Fig. 2(a)]. A characteristi black-whie contras appeas to
be associaté with the stegs in the correspondig REBIC
images as in both edges of the doubk step appearig as a
verticd stripein Figs 1(b)—1(d) and the stefs betwee layers
in Figs 2(b)—2(d). This contras is known as pe& and trough
(PAT),’°"12 amd has been observe in REBIC investigations
of different semiconductors Electricaly chargel defects
presenin the materid ad as locd potentid barriess in which

FIG. 1. (a) SE and (b)—(d) REBIC images of step structure (b) T=210 K,
15=5.5x10"8 A. () T=80 K, 13=5.5x107"8 A. (d) T=80 K, 13=2.5
X1078 A
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FIG. 2. Growth layers in one of the sampls imaged at 80 K in the (a) SE
ard (b)—(d) REBIC modes 15=2X10"8 A (b) 15=4%X10"8 A (c) Ig
=7.5x10"8 A (d).

carriess are separatedPAT contras is due to opposie direc-
tions of the electric field on differert sides of the defect and
can be modellal as two Schottly barries back-to-back?*3
The orientatio of this bimodd featue is determind by the
locd defed¢ geomety and the contad configuration Another
kind of contras not relatal to topographt features as the
bright area in the smooh regiors betwea steps can be
observe unde certan experimenth conditiors [Figs 1(d)
and 2(b)—2(c)]. Series of REBIC images of the YBCO crys-
tals show tha the observe contrass depenl both on tem-
peratue and on the excitaticn density REBIC signd be-
comes appreciabf by cooling down to nea 230 K and
increass by decreasig temperatureas compariso of Figs.
1(b) ard 1(c) shows No contra$ anomay has been observed
when cooling throuch T¢. The dependeneof REBIC con-
trag on the SBM bean currert (Ig) is presentd in Fig. 2.
The contras nat related to topographt features disappears
when I is highe than 5x1078 A, as a comparisa of the
flat are® betwea steps of Figs 2(c) and 2(d) shows This
contras shows the existene of inhomogeneitisin the elec-
tronic recombinatio properties in the sampleswhich agrees
with previows CL observatios of an inhomogeneaosioxygen
contert distribution in the crystals® It was also found that
PAT REBIC contras associatd with sore steps could be
modified by changimgy temperatue or the bean excitation
conditions This is observe in the steps marked in the upper
left corne of Fig. 1(a) and the lower left corne of Fig. 2(a).
While the step of Fig. 1(a) shows blad contras at tempera-
tures abowe 140 K or |5 lower than 5X10 8 A [Figs 1(b)
and 1(d)], the step marked in Fig. 2(a) shows white contrast
unde the sane experimenthconditiors [Figs 2(b) and 2(c)].
However both exhibit PAT contras at 80 K and higher
bean currens [Figs. 1(c) and 2(d)]. The® changs are re-
lated to the influene of temperatue and excitation density
on the potentid barrie height associaté with the defects.
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FIG. 3. REBIC linescan profile correspondig to the white line shown in
Fig. 2(d).

PAT contras can be convertel into only blad or only white
contras by modifying these parametersin away similar to
the applicatian of a bias or revere voltage!* When the beam
injection causs a compensatio of the charg stae of the
defect the associatd barrier disappeas ard the defed con-
trad is suppressed.

During the crystd growth proces certain structurd de-
fects mainly vacanciesare accumulatd at the stefs between
layers!* The influena of growth stefs on the transpot prop-
erties of YBCO and Bi,S,CaCuyOg ., «(Bi-2212) single crys-
tals has been occasionall discussed®® Our previows CL-
SBEM studies performal on the sane se of sample useal in
this work, revealel an enhancd 2.4 eV CL emissim in the
mentionel steps We obtainel similar resuls in the CL
characterizatio of Bi-2212 single crystals’ in which pre-
liminary REBIC investigatiors also revealel PAT contrast
related to growth steps A correlation betwea oxygen deple-
tion and the mentionel 2.4 eV emissiom has been established
not only in YBCO? but also in othe HTSC like
TI,Ba,CuO;. 5 (Ref. 5) ard Bi-221217 The resuls suggest
the possibility that chargel defects which appea associated
with step structure in our REBIC micrographsare relatel to
area with oxygen depletio or rearrangd oxygen distribu-
tions in the crystals.

Figure 3 shows the REBIC linescan profile recorded
alorg the line marked in Fig. 2(d). Three PAT features asym-
metricd in amplitude and shape correspondig to layer
boundariescan be observed This asymmety can be due to
different carrig diffusion lengtrs (L) on both sides of the
defed potentid barrier Neglectig surfa@ recombination
the value of the REBIC signd can be expressd as
lcexp(—x/L), wher x is the distan@ from the defect'>18
Least-squarefits our experimenta REBIC linescars to this
exponentib dependereyield L=0.3-0.6 um at 180 K and

L=0.8-1.6 um at 80 K, depending on the step considered.

These measuremestagres with the rough estimatiors of
Iwabuch et al.,*® which obtainel L=0.1-0.2 um at room
temperatue from an EBIC image of the YBCO laye of a
metal-insulator-semiconductor field effect transistor
(MISFET) device.

Figure 4 shows a crackel area nea the edge of one of
the samples The REBIC image reveas the existene of
smal sub-surfae flaws [markead in Fig. 4(b)] tha cannad be
appreciatd in the SE micrograph [Fig. 4(a)]. This image
demonstra the capabiliy of SEM-REBIC to dete¢ electri-
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FIG. 4. (a) SE ard (b) REBIC images of a crackal area in one of the
crystab investigated T=80 K. |g=7x10"8 A,

cally active structurd defecs associate with stran or plastic
deformatio in the YBCO crystals.

In summary REBIC is a nondestructie suitabk tech-
nigue for the characterizatin of electrically active defectin
YBCO single crystals Chargel defecs accumulatd at dif-
ferert step structuresrelatal to oxygen deficieng by previ-
ous CL investigationsas well as structurd inhomogeneities
associaté with plasticaly deformel areashawe bean imaged
with high resolution An estimatio of the charg carrie dif-
fusion lengt at differernt temperaturewas obtainel from the
experimenta REBIC linescan profiles.
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