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Near-edge x-ray-absorption study of transition-metal-implanted YBgCu3O-_s
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We present near-edge measurementKf@bsorption edges of Ni-, Fe-, and Co-implanted ultrahigh quality
single-crystal and polycrystalline YB@u;O,;_ s (YBCO). The samples were implanted using a metallized
vapor vacuum arc high current ion source with a dose of approximateh0f ions/cnf, and subsequently
annealed in an oxygen atmosphere for approximately 100 h. The results show that upon annealing the Fe-
implanted sample has a valence structure that is consistent with doped powder studies. This suggests the
substitution within the lattice in the 1) and Cy2) sites for the implanted ions, while the nickel implant case
showed a valence structure closer to NiO with no shift in edge energy being observed during the anneal
process. This was similar to the Co-implanted result that also showed very little change in valence structure
after annealing, with a valence closer to®CoWe also performed CK-edge absorption measurements of the
implanted materials in comparison with YBCO and found no change in edge energy or structure. The results
are consistent with previous susceptibility studies.

I. INTRODUCTION change inT. is due to the annealing process. This paper
reports on the near-edge x-ray-absorption study of Fe-, Ni-,
In the study of highf. superconductors the effect of and Co-implanted YBCO materials, and attempts to ascertain
transition-metal substitution has been used as an importatiie valence structure and possible site occupation of the im-
probe in understanding the properties of these matérifls. plant ion, if any, associated with the implantation and anneal-
Moreover, the transition metals of Fe, Ni, and Co have beeling processes in comparison to the more conventional meth-
seen to decrease the transition temperafyreith relatively  ods of powder preparation and doping.
small concentrationg<10%).°~*31t is this suppression oF
and the substitution of the dopant ion that has received much
study during the last several years. Many studies of doped Il. SAMPLE PROCESSING
YBa,Cu;0,_5 (YBCO) have concluded that Fe substitutes
primarily in the Cy1) site with some occupancy in the Qi
site, while for Co-doped materials it has been found that th
Cu(1) site is occupied by C&*~*6\Whereas absorption stud-
ies of Ni-doped YBCO are divided where some authors hav
reported the uniform occupation of both Cu siteby Ni,
while others report defect site location with a NiO
precipitaté® due to the insolubility of Ni in YBCO.

The YBCO material used in this study consisted of both
Qingle-crystal and polycrystalline samples. The single crys-
tals were prepared by the well-known flux-growth method
(Elsing a BaCu@CuO flux. Previously we have fired the pre-
sintered YBCO in dense AD, crucibles?? but for this study
we used specially prepared,®; crucibles that produce

The use of ion-implantation and the subsequent postyltrahigh—purityYBCO crystals. This eliminates any possible

annealing effects is a method by which a small quantity of £0ntamination from the previously used @ crumblef3
material can be altered in a controlled fashion. The implanihat may alter the valance structure of the surrounding lat-
can create dislocations, damage cascades and multiple vacdi¢e- The resulting crystals had an average size 0k3.0
cies, that when annealed, can change the structure of thg0.5 mn. These crystals were then oxygenated for several
implanted region. Its use in the field of high-supercon- months to ensure complete oxygenation and sharp supercon-
ductors has been present since their discovery, and it is enflucting transitions. The polycrystalline samples were pressed
ployed here to modify the surface and near-surface region dfom presintered YBCO into discs of diameter 25 mm, sin-
ultrahigh quality single-crystal and polycrystalline YBCO tered for a further 24 h at 930°, and then oxygenated for 24
samples. We have reported previously on the magnetic anldin 1 atm of pure oxygen at 500 °C followed by a very slow
superconducting properties of transition-metal-implantectooling. Figure 1 shows the magnetic susceptibility for a
YBCO (Refs. 19—-21 and have seen relative changesTin  single-crystal sample before implantation, and the associated
after annealing, but have never been able to definitively ansharp superconducting transition just above 90 K.

swer whether the implanted ion has substituted into the lat- The implantation was achieved using a metallized vapor
tice, as is strongly suggested by our previous results, or theacuum arc high current ion source. Each implant of Ni, Fe,
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and Co was separately carried out at room temperature, with IV. PREVIOUS SUSCEPTIBILITY
a cathode voltage of 30 kV. The implant ions exist-ii, AND RBS MEASUREMENTS

+2, and+3 charge states, with the average implant ion en-
ergy being~55 keV. The source was pulsed at 15 Hz with a

pulse duration of 250us to accumulate a total dose of . ) :
(1+0.2x10" ions/cn?. From Rutherford backscatterin are pertinent to the discussion of the current results. Table |
o ' 9 shows a summary of the results obtained in these studies,

spectrometry(RBS) measurements performed on different iving the measured implant ion depth before and after an-
samples after implantation the average implant depth wagV'ng ; p P
250-300 A. Half the resulting samples were then annealed inealmg using Rutherford backscattering spectroms).

a flowing oxygen atmosphere for 100 h at 550 °C. Bothﬂ‘lso shown is the change in superconducting transition tem-

magnetic-susceptibility and x-ray-diffraction measurements eratur_eATc, measure_d before thg |mplantat_|o.n_ and after the
nnealing process, using magnetic susceptibility.

were takgn at aII_ mtermecﬂat_e;tages. These results have be%nThe two most significant results are the diffusion of the
reported in previous studiés: . . . .
implant ion during the anneal process and the corresponding
change inT, . For two ions, Ni and Co, there was significant
diffusion during annealing and a corresponding positive
change in the transition temperature. Whereas for Fe, the
The near-edge x-ray absorption measurements were cagliffusion was not as great, and the corresponding change in
ried out on the Australian National Beamline Facility T, was negative. The conclusion arrived at for the Fe case
(ANBF) on beamline 20B at the Photon Factory in Tsukubawas inferred by the possible substitution of Fe into the
Japan. The experimental setup consisted of a Lytle detectofBCO lattice, therefore explaining the small diffusion rate
at 90° to the synchrotron radiatiéh.The detector was and change iff.. An alternative process was also suggested
flooded with He to minimize background from extra absorp-that involved Fe oxidation, and in the process “scavenging”
tion. As the implanted region always consisted of less tharnterstitial oxygen from the damaged YBCO lattice as well as
the first 2000 A of the surface of the material, the measurefrom the oxygenation/anneal process. This process also ac-
ments were carried out in fluorescence mode with the sampleounts for a change ifi, arising from the decrease of oxy-
positioned at 45° to the incoming radiation. This experimen-gen in the YBCO matrix, and a smaller diffusion rate of the
tal setup also gave us a better signal-to-noise ratio. larger FeO interstitial, though it was thought that this would
TheK edge of each implant ioffe,Ni,Cg was measured be the less likely process. For the Ni and Co cases, the more
for each sample as well as the ®uedge. The procedure for prolific diffusion rates were accounted for by a “nil-
data collection involved high-resolution scar®.25 eV ) ) ) N
step$ of the pre-edge, edge, and post-edge region. As the TAI_3LE I. Results obtained for previous studies of transition-
implanted ion is only located in the surface and near-surfacg'etal-implanted YBCQRefs. 19-21
region of the sample, these scans were repeated several times

A brief overview of our previous studies of transition-
metal-implanted YBCQRefs. 19-21 follows as the results

lll. EXPERIMENTAL

and added together to increase the signal-to-noise ratio. This . Depth after ATe

. ._Implant ion Implant depth annealing (after annealing
also enabled us to monitor the monochromator energy during
the spectrum acquisition time of 4 h. Spectra were also obre 280 A 600 A —-13 K
tained for a series of standards that included Fe, Ni, Co, ando 280 A 1200 A +3 K
Cu foils, and their associated oxides to assist in the energy; 300 A 2000 A +10 K

calibration and subsequent analysis.
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FIG. 2. The Fe near-edge spectra o®g and Fe-implanted Energy (eV)

YBCO preanneal, and Fe-implanted YBCO post anneal, with a

comparison of YBCGFe, ;) and FeO taken from Ref. 25. FIG. 3. The Co near-edge spectra of Co-implanted YBCO pre-

anneal, and Co-implanted YBCO post anneal, with a comparison of

reaction” with the surrounding lattice and just interstitial dif- YBCO(C%.17) and CoO taken from Ref. 25.

fusion. Whereas the changeTn was due to the natural rate
of oxygenation, though the difference T, between Co
and Ni could not be explained by these results alone.

when compared to the larger volume of a doped sample.
Bridgeset al. also relate the observed structure, both near-

edge and post-edge oscillations, to the substitution of the Fe
in the CY1) and Cy2) sites. We believe some form of lattice

V. RESULTS AND DISCUSSION substitution is also the case here as previous RBS results,

We show here the results for the near-edge study of Ni- Table 1, show very little movement of the Fe implant after
Fe-, and Co-implanted YBCO. We include both the |mplantthe anneal cycle, that would be the case if the Fe was bond-
ion K edges and CK edges. Those results, Figs. 2—5, are forNd with the YBCO lattice. Further, we observe a change in
the polycrystalline material as the results for the single crysthe Fe-edge energy of 5 eV from implantation to annealing.
tals were essentially the same, with the polycrystals having 4NiS represents a change in valence structure of the im-
better signal-to-noise ratio. All discussion is based on bottplanted Fe ions, and corresponds to a change frofn e

"
the results from polycrystalline and single-crystal trea’teoFeg Moreover, the decrease in the relative height of the
YBCO. pre-edge peak centered at 7111 eV, after the anneal treat-

ment results from a lower proportion of #epresent in this
state. We believe this result, along with the similarities with
the Fe-doped YBCO results, to be a product of the reforming
The near-edge spectra for Fe-implanted polycrystalline/BCO lattice with the addition of Fe thus changing its va-
YBCO before and after annealing, along with Fe-oxide stanience structure. This is also supported by previously pub-
dards and a comparison with an Fe-doped YBCO materidished susceptibility results, Table I, where no effect on the
taken from Bridgeset al®® are shown in Fig. 2. The most transition temperature is seen after implantation of Fe, but a
striking feature of the annealed Fe-implanted YBCO is thedecrease of 13 K is observed following the annealing pro-
direct similarities to the Fe-doped YBCO of Bridgesal. cess. This can be explained by the substitution of Fe into the
Both edges are centered around 7124 eV, and they also ha¥&8CO lattice after annealing, as the addition of Fe has a
the characteristic pre-edge peak at 7111 eV. This, in compardeleterious effect on the superconducting transition tempera-
son with the oxide standards, corresponds more closely witture, as has been reported by many otfet3.
an F€" valence structure, though the existence of the pre- We have shown for the Fe-implant case that there is a
edge peak also suggests somé&'Hs present. Our results do change in edge energy of 5 eV from the implanted sample to
not show any significant high-energy structure that Bridgeghe annealed sample, corresponding to a change in valence
et al. have reported previously to be associated with the presrom F&" to F€*. In comparison with the results of Bridges
ence of F&". This difference may arise from the sensitivity et al, as well as from our previous studi€s?*we conclude
of the technique to the small volume of the implant regionthat the Fe is substituting in the YBCO lattice after anneal-

A. Iron implant



53 NEAR-EDGE X-RAY-ABSORPTION STUDY OF TRANSITION. . . 9415

Ni-K Absorption edges Cu-K Absorption edges

T T T T I T T T T
B Poly YBCO

2 )
= = L
= =]
£ £
8 & Fe-YBCO Annealed
c c T
2 S
a -
S— -
(o] (o]
w N -
Ko} Ko}
< <

Ni-YBCO Annealed

Ni-YBCO = |

_ L L L 1 1 1 1 1 1
8310 8320 8330 8340 8350 8360 8980 8990 9000 9010 9020
Energy (eV) Energy (eV)

FIG. 5. The Cu near-edge spectra of as-prepared YBCO poly-
FIG. 4. The Ni near-edge spectra of NiO, Ni-implanted YBCO crystalline material, Fe-implanted YBCO preanneal, Fe-implanted
preanneal, and Ni-implanted YBCO post anneal. YBCO post anneal.

These results can also be related to previous work where
susceptibility and RBS measurements showed a slight in-
crease in the transition temperature upon annealing of Co-
implanted YBCO, as well as a larger diffusion rate than for
the Fe ions, respectively. The larger diffusion rate had been
related to a “nil-reaction” with the surrounding lattice and is

confirmed by the lack of change in the edge structure after
the annealing process, shown in Fig. 3. The slight increase in
The results for the near-edge study of Co-implantedr 4\ seems to be due to the oxygenation of the YBCO

YBCO are shown in Fig. 3, with the implanted polycrystal- samples and not a result of the Co substituting into the lat-
line material before and after annealing, along with a Cosjue.

doped YBCO material taken from Bridges al?® There is
no change in the edge positions of the Co implanted to the
Co-implanted annealed YBCO, for our samples. In compari-
son with studies of the doped material, the edge position both The results for the Ni-implanted polycrystalline YBCO
before and after the anneal treatment is the same as Bridgbefore and after annealing and Ni-oxide standard are shown
et al. Apart from the edge positioning of the Co-implanted in Fig. 4. There is no change in the edge positions after
cases, the implanted samples also do not show the considémplantation or more surprisingly, after the annealing pro-
able edge features that are present in the doped case ofss, with the positioning of the Ni edge for the oxide stan-
Bridgeset al, though, a pre-edge peak centered at 7710 e\dard and implanted sample centered around 8340 eV. The
is present in both methods of sample preparation. This sugsnly discernible change is the sharpening of the edge after
gests a small admixture of valence states in the case fannealing, though the half-height position does not change.
Co-implanted YBCO. Even post-edge features are the same for the annealed
In addition, there is no change in the pre-edge peak fronsample and oxide sample. This indicates that there is no
implantation to annealing as reported for the Fe case. Owhange in the valence structure of the Ni throughout the im-
results suggest a valence structure closer o Cihough the  plantation and annealing, and more closely represents that of
small presence of Go is substantiated with the presence of an oxide material.
a pre-edge peak. The absence of a change of the edge struc-This result is similar to that reported by Quadn al®
ture after annealing means the valence of the implanted iowho described a NiO precipitate for Ni-doped YBCO, and a
does not change. This suggests that there is no, or very littlelefect site location of Ni, not within the lattice. This can
substitution within the YBCO lattice. occur when the solubility limit has been surpassed for Ni in

ing, and most likely in the Q) and Cy2) sites due to the
similarity in edge structures. The changeTip and smaller
diffusion rate is then a direct result of the Fe substituting in;
the YBCO lattice.

B. Cobalt implant

C. Nickel implant
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YBCO, and is possibly the case when implanting into thethat the Cu ions present are completely bonded in the YBCO
near-surface region. Further, this result is in accordance withattice which dominates their valence structure even in the
the RBS measurements that exhibit rapid diffusion of Nipresence of dopants.

throughout the YBCO lattice, and is more likely to be an

equilibrating process to return the material to an equilibrium VI. CONCLUSION

phase, after the implantation. The susceptibility data also \ve have used near-edge x-ray absorption in a study of
showed the nondeleterious nature of the Ni |mpi'§ra_nd IN transition-metal-implanted single-crystal and polycrystalline
fact the conclusion of an increase rate of oxygenation resultyBCO. lon doses of X10* ions/cnf were accumulated at
ing from the dislocations created by the implant is also suproom temperature using a metallized vapor vacuum arc high

ported by these results. current ion source. The resulting samples were then annealed
in an oxygen atmosphere at 550 °C for 100 h. The results
D. Copper K-absorption edges reported here are for Fe, Ni, and Co implants with the va-

; 2 +
Finally, the near-edge structure of the Cu ions was meal_ence structure of Fe changing from Fei_o F_e3_ after the
nneal process and has a structure that is similar to Fe-doped

sured with the results shown in Fig. 5 for the Fe-implante , )
material before and after the anneal treatment, along with a| BCO. The Ni and Co implants do_ not Chaf.‘ge v_alence struc-
re after the anneal treatment, with the Ni having a valence

as processed YBCO polycrystalline sample. The results he ) . .
P pocry b ssentially the same as NiO and Co having a valence closer

show no significant changes in the edge positions after an i .
ion-beam modification or subsequent treatments. This indi- Ca’. Finally Cu K-e_dge abs_orptlon measurements
cates the formal valence of Cu in YBCO. This result couIdShOWed no change after implantation and annealing. These

be due to the true absence of a change in edge structure Orrt;g)sultg are consistent ywth previous susceptibility studies of
these implanted materials.
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