
AFRL-PR-WP-TP-2006-212 
 

Nd-DOPED YBa2Cu3O7– x FILMS 
DEPOSITED BY PULSED LASER 
ABLATION 
 
 
 
C.V. Varanasi, J.C. Tolliver, T.J. Haugan, Srinivas Sathiraju, I. Maartense, and P.N. Barnes 
 
 
 
 
 
JUNE 2005 
 
 
 
 

Approved for public release; distribution is unlimited.  

 
STINFO COPY 

 
© 2005 IEEE. 
This work was funded in whole or in part by a Department of the Air Force contract and in-
house funding.  The U.S. Government has for itself and others acting on its  behalf an 
unlimited, paid-up, nonexclusive, irrevocable worldwide license to use, modify, reproduce, 
release, perform, display, or disclose the work by or on behalf of the Government.  All other 
rights are reserved by the copyright owner. 
 
 
 
 
 
PROPULSION DIRECTORATE  
AIR FORCE MATERIEL COMMAND 
AIR FORCE RESEARCH LABORATORY  
WRIGHT-PATTERSON AIR FORCE BASE, OH 45433-7251 



REPORT DOCUMENTATION PAGE Form Approved
OMB No 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this bu den estimate or any other aspect of this collection of
information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law no person shall be subject to any penalty for failing to comply with a
collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YY)

June 2005

2. REPORT TYPE

Journal Article Postprint

3. DATES COVERED (From - To)

03/10/2003 — 03/04/2004
4. TITLE AND SUBTITLE

Nd-DOPED YBa2Cu307, FILMS DEPOSITED BY PULSED LASER
ABLATION

Sa. CONTRACT NUMBER
Contract/In-house

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER
61102F

6. AUTHOR(S)
C.V. Varanasi and I. Maartense (University of Dayton Research Institute)
J.C. Tolliver, T.J. Haugan, and P.N. Barnes (AFRL/PRPG)
Srinivas Sathiraju (National Research Council)

5d. PROJECT NUMBER

3145
5e. TASK NUMBER

32
5f. WORK UNIT NUMBER

314532Z9
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

Power Generation Branch (AFRL/PRPG)
Power Division
Propulsion Directorate
Air Force Research Laboratory, Air Force Materiel Command
Wright-Patterson Air Force Base, OH 45433-7251

University of Dayton Research
Institute
Dayton, OH 45469-0176

National Research Council
Dayton, OH 45354

8. PERFORMING ORGANIZATION
REPORT NUMBER

AFRL-PR-WP-TP-2006-212

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Propulsion Directorate
Air Force Research Laboratory
Air Force Materiel Command
Wright-Patterson AFB, OH 45433-7251

10. SPONSORING/MONITORING
AGENCY ACRONYM(S)

AFRL-PR-WP
11. SPONSORING/MONITORING

AGENCY REPORT NUMBER(S)
AFRL-PR-WP-TP-2006-212

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES
Journal article postprint published in the IEEE Transactions on Applied Superconductivity, Vol. 15, No. 2, June 2005.

PAO case number: AFRL/WS 04-1258; Date cleared: 16 Nov 2004. Paper contains color.

© 2005 IEEE. This work was funded in whole or in part by a Department of the Air Force contract and in-house funding.
The U.S. Government has for itself and others acting on its behalf an unlimited, paid-up, nonexclusive, irrevocable
worldwide license to use, modify, reproduce, release, perform, display, or disclose the work by or on behalf of the
Government. All other rights are reserved by the copyright owner.

14. ABSTRACT
Nd doped YBa2Cu307„ targets (NdxYi ,Ba2 Cu307_x;x ------ 0, 0.2, 0.4, 1) were prepared in-house and were used to deposit
films by pulsed laser ablation in 300 mTorr of oxygen to study the Nd substitution effects on the film properties. Film
composition was found to match very closely to the composition of the targets as determined from X-ray photoelectron
spectroscopy. The critical transition temperature (TO was found to be reduced as the Nd substitutions were increased in the
films. Raman spectra taken from the films indicate that c-axis misalignment and some cation disorder may be present in the
films with poor T. Transport critical current density (Jo) of 3 x 106 A/cm2 was measured in Ndo 4Y0613a2Cu307_x films.

15. SUBJECT TERMS
Coated conductors, Nd substitutions pulsed laser, ablation, rare earth pinning, YBCO.

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER
OF PAGES
10

19a. NAME OF RESPONSIBLE PERSON (Monitor)
Paul N. Barnes

19b. TELEPHONE NUMBER (Include Area Code)
N/A

a. REPORT
Unclassified

b. ABSTRACT
Unclassified

c. THIS PAGE
Unclassified

OF ABSTRACT:
SAR

Prescribed by ANSI Std. Z39-18



3722 IEEE TRANSACTIONS ON APPLIED SUPERCONDUCTIVITY, VOL. 15, NO. 2, JUNE 2005

Nd-Doped YBa2Cu3O7 x Films Deposited by
Pulsed Laser Ablation

C. V. Varanasi, J. C. Tolliver, T. J. Haugan, Srinivas Sathiraju, I. Maartense, and P. N. Barnes

Abstract—Nd doped YBa2Cu3O7 x targets (NdxY1 xBa2
Cu3O7 x; x = 0, 0.2, 0.4, 1) were prepared in-house and were
used to deposit films by pulsed laser ablation in 300 mTorr of
oxygen to study the Nd substitution effects on the film proper-
ties. Film composition was found to match very closely to the
composition of the targets as determined from X-ray photoelec-
tron spectroscopy. The critical transition temperature (Tc) was
found to be reduced as the Nd substitutions were increased in the
films. Raman spectra taken from the films indicate that c-axis
misalignment and some cation disorder may be present in the
films with poor Tc. Transport critical current density (Jc) of
3 106 A cm

2 was measured in Nd0 4Y0 6Ba2Cu3O7 x

films.

Index Terms—Coated conductors, Nd substitutions, pulsed laser
ablation, rare earth pinning, YBCO.

I. INTRODUCTION

ALTHOUGH coated conductors with high critical cur-
rent density using

(YBCO) films are routinely made [1], [2], further enhancement
in is still desired for use in high magnetic field applications.
These enhancements can be achieved by creating artificial flux
pinning centers in YBCO films. These pinning centers can
be nm-sized nonsuperconducting particulates [3] or chemical
substitutions in the YBCO crystal lattice [4]–[7], or combina-
tions of both [8]. These chemical substitutions should help to
create stress-field-induced pinning without adversely affecting
the critical transition temperatures . Partial rare earth ion
substitutions for Y in (YBCO) superconductor
films are of considerable interest from the point of view of
the chemical substitution effects on pinning enhancements.
Several studies were done earlier to process Nd substitutions
in powders [9], melt processed YBCO [10] with evidence of
improved pinning. In this study, several targets with different
Nd substitutions for Y were made and Nd substituted YBCO
films were grown using pulsed laser ablation of these targets in
oxygen and the films were characterized to study the effects of
Nd doping.
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II. EXPERIMENTAL PROCEDURE

A. Sample Preparation

Targets used in this study were prepared in-house by mixing
the calculated amounts of , , , and CuO
using a mortar and pestle. The powders were pressed into
1.5 inch diameter discs using a uniaxial press. These discs
were sintered in a box furnace around 950 to 1000 with
several intermediate grinding, mixing and pressing steps to
form homogenous composition targets. Targets with a nominal
composition of , ,
and were made. All the targets were
processed in air in a box furnace and were used in a PLD
chamber with no further oxygenation treatment.

Films were deposited on single crystal lanthanum aluminate
(100) substrates in a Neocera Inc., pulsed laser deposition
system using a Lambda Physik USA Inc., model LPX 305i
KrF excimer laser (laser wavelength is 248 nm). The laser
fluence was approximately 4.0 and a pulse rate of 4 Hz
was used during the film growth. The oxygen pressure during
the deposition was maintained at 300 mTorr. Samples were
deposited at 730 to 760 for 20 minutes and then annealed in
oxygen at 500 for 30 minutes before cooling down to room
temperature.

B. Characterization

The superconducting transition temperature was mea-
sured using an ac susceptibility technique with an external mag-
netic field that varied from 0.025 Oe to 2.2 Oe. Magnetization
measurements were taken using a Quantum Design Physical
Property Measurement System (PPMS) in magnetic fields up
to 9 T at several temperatures. Magnetic field was applied per-
pendicular to the sample surface (parallel to c-axis). A ramp
rate of 100 Oe/sec was used during the generation of hysteresis
loops at several temperatures. The of the samples was esti-
mated using a simplified Bean model with ,
where is magnetization loop width at a given magnetic
field, is the film thickness and is the length of one side of
a square sample. Micro-Raman measurements were carried out
with a Renishaw Raman spectrometer attached to a charge cou-
pled device array detector. The Raman spectra were obtained in
multi-spectra detection mode in order to reduce the noise. The
excitation of the sample was accomplished with an laser.
The laser power was kept low enough to avoid film degrada-
tion due to overheating of the probed volume. X-ray photoelec-
tron spectroscopy was done using a Kratos AXIS Ultra system.
After ion milling the surface to remove the surface adsorbed
carbon, the Y/Nd ratio at several points on the films was noted.
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Fig. 1. Ac susceptibility curves from a Nd Y Ba Cu O film on
(100) lanthanum aluminate single crystal.

Monochromatic Al X-ray line was used for enhanced spec-
tral resolution. The analysis spot size was approximately 110

. A Leica FE scanning electron microscope was used to de-
termine the microstructure of Nd-doped YBCO films.

III. RESULTS AND DISCUSSION

A. AC Susceptibility

AC susceptibility data taken from a
film is shown in Fig. 1. It can be seen that onset is around 90
K. However the is less than YBCO films processed in sim-
ilar conditions as shown in Fig. 2 where values of different
composition films are compared. It can be seen that as the Nd
content is increased, the films showed gradual decrease in . It
is thought that Nd may be substituted in Ba sites due to similar
atomic sizes, and this may cause a reduction in the of the
films. By varying the processing conditions, it may be possible
to further improve the of these films.

B. X-Ray Photoelectron Spectroscopy (XPS)

XPS data was collected on at least five different points on
the doped films and the data was compared to that taken from
a standard YBCO film. Table I shows the relative composition
of two films as compared to a standard YBCO sample. These
films were grown using a target. Data
collected at different spots on the films were similar indicating

Fig. 2. TheT onset decreases with increasing composition of the Nd doping
in the Nd-doped YBCO films processed in 300 mTorr of oxygen.

TABLE I
RELATIVE COMPOSITION OF THE Nd Y Ba Cu O FILMS AS

COMPARED TO A STANDARD YBCO FILM

good compositional uniformity. The numbers in Table I repre-
sent the relative atomic percentages of Y, Nd, Ba, Cu, O as com-
pared to a standard YBCO sample. It can be seen that the com-
position of the films matches very closely with the composition
of the target.

C. Raman Spectroscopy

Raman micro-spectroscopy is a simple, nondestructive char-
acterization tool for analyzing the quality of YBCO films. The
presence of secondary phases such as CuO, as well
as the information about the cation disorder, c-axis alignment
problems in the films can be easily obtained in brief data col-
lection and analysis time as compared to other techniques such
as x-ray diffraction [11]. Fig. 3 shows a Raman spectrum taken
from a film with a of 90.3 K de-
posited by pulsed laser ablation on a lanthanum aluminate single
crystal substrate. A peak at around 335 indicates the pres-
ence of orthorhombic phase of YBCO with good c-axis texture.
The weak peaks that can be seen around 500 and 585

indicate some c-axis alignment problem and cation dis-
order, respectively. There were no other peaks observed corre-
sponding to CuO or , indicating that these films are
free from these impurity phases.

Fig. 4 shows the Raman spectra taken from a
film with a of 88 K. These

films also show the absence of CuO and phases
2
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Fig. 3. Raman spectrum from a Nd Y Ba Cu O film.

Fig. 4. Raman spectrum taken from a Nd Y Ba Cu O film. This
sample had a T of 88 K.

Fig. 5. Raman spectrum taken from a Nd Y Ba Cu O film. This
film had a T of 85 K.

and good c-axis texture similar to .
However, in the film, it can be seen
that the peaks corresponding to cation disorder and c-axis
alignment problem are strong.

In Fig. 5, Raman spectra taken from a different
film with lower than the film of

Fig. 4 is shown. It can be seen that the peak at 335 is
reduced considerably and peaks corresponding to 437

Fig. 6. SEM micrograph of Nd Y Ba Cu O film.

Fig. 7. Magnetization J of a Nd Y Ba Cu O film.

(this peak refers to the oxygen content [12]), 500 and
585 are increased further. These results reveal that room
temperature Raman spectroscopy can be used to assess the
superconducting quality of the Nd doped YBCO films.

D. Scanning Electron Microscopy

Scanning electron microscopy (SEM) of Nd doped YBCO
films showed that the films are very dense and generally have
small grain size compared to similarly-processed undoped
YBCO films. A typical microstructure of an Nd doped YBCO
film with occasionally seen particulates (bright areas) is shown
in Fig. 6.

E. Magnetization

Both and
films showed self-field magnetization values
comparable to typical PLD processed YBCO samples [13] at 77
K. However, the magnetization in these samples was found
to decrease rapidly at higher magnetic fields at 77 K.

It was also noticed that the of Nd doped films and un-
doped YBCO films tend to be similar at all magnetic fields up
to 9 T at lower temperatures. In Fig. 7, magnetization for an

film measured at several temperatures
3
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is shown. It is thought that the doping levels studied in this study
(20 and 40%) may be too high to realize the benefits of stress
related pinning effects at 77 K.

F. Transport Current Measurement

Transport current measurements were taken on
films at 77 K in self field. The

measurements were taken on a bridge patterned with a width
of 0.5 mm and the film thickness of the sample was 0.25 .
This sample carried 3.7 A and the calculated was found to
be .

IV. CONCLUSIONS

Nd doped YBCO films at different doping levels were pro-
cessed by PLD. Composition of the films matched the composi-
tion of the target very well as determined by XPS. When similar
processing conditions were used, Nd-doped YBCO films (at the
doping levels of greater than 20%) showed a tendency to reduce

with increasing amounts of doping. Raman studies indicated
cation disorder and c-axis alignment problems in the films that
showed reduced . VSM measurements indicated that the Nd
doped films have similar as YBCO films at 77 K at low mag-
netic fields but show rapid decrease in at high magnetic fields.
However, the of Nd doped films and YBCO films were found
to be similar at high magnetic fields in lower temperatures. Self
field critical transport current density of was
measured in films at 77 K.
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