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(57) ABSTRACT 

Arnethod for forming a superconductive article is disclosed. 
According to one method, a substrate is provided, the 
substrate having an aspect ratio of not less than about 1x103, 
forming a buffer layer overlying the substrate, forming a 
superconductor layer overlying the buffer layer, and char 
acterizing at least one of the substrate, the buffer layer and 
the superconductor layer by X-ray diffraction. In this regard, 
X-ray diffraction is carried out such that data are taken at 

multiple phi angles. Data acquisition at multiple phi angles 
perrnits robust characterization of the ?lrn or layer subject to 
characterization, and such data may be utilized for process 
control and/or quality control. Additional methods for form 
ing superconductive articles, and for characterizing same 
with XRD are also disclosed. 
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METHODS FOR FORMING SUPERCONDUCTOR 
ARTICLES AND XRD METHODS FOR 

CHARACTERIZING SAME 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 
[0001] The present application claims priority from US. 
provisional patent application No. 60/487,739, ?led Jul. 16, 
2003, entitled “METHODS FOR FORMING SUPERCON 
DUCTOR ARTICLES AND XRD METHODS FOR 
CHARACTERIZING SAME,” naming inventor Jodi Lynn 
Reeves, Which application is incorporated by reference 
herein in its entirety. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention is generally directed to 
superconductor articles, and methods for forming and char 
acteriZing same. 

[0004] 2. Description of the Related Art 

[0005] Superconductor materials have long been knoWn 
and understood by the technical community. LoW-tempera 
ture (lOW-Tc) superconductors exhibiting superconductive 
properties at temperatures requiring use of liquid helium 
(4.2° K), have been knoWn since about 1911. HoWever, it 
Was not until someWhat recently that oxide-based high 
temperature (high-Tc) superconductors have been discov 
ered. Around 1986, a ?rst high-temperature superconductor 
(HTS), having superconductive properties at a temperature 
above that of liquid nitrogen (77° K) Was discovered, 
namely YBa2Cu3O7_X (YBCO), folloWed by development 
of additional materials over the past 15 years including 
Bi2Sr2Ca2Cu3O1O+y (BSCCO), and others. The development 
of high-Tc superconductors has brought potential, economi 
cally feasible development of superconductor components 
incorporating such materials, due partly to the cost of 
operating such superconductors With liquid nitrogen, rather 
than the comparatively more expensive cryogenic infra 
structure based on liquid helium. 

[0006] Of the myriad of potential applications, the indus 
try has sought to develop use of such materials in the poWer 
industry, including applications for poWer generation, trans 
mission, distribution, and storage. In this regard, it is esti 
mated that the native resistance of copper-based commercial 
poWer components is responsible for quite signi?cant losses 
in electricity, and accordingly, the poWer industry stands to 
gain signi?cant ef?ciencies based upon utiliZation of high 
temperature superconductors in poWer components such as 
transmission and distribution poWer cables, generators, 
transformers, and fault current interrupters. In addition, 
other bene?ts of high-temperature superconductors in the 
poWer industry include an increase in one to tWo orders of 
magnitude of poWer-handling capacity, signi?cant reduction 
in the siZe (i.e., footprint) of electric poWer equipment, 
reduced environmental impact, greater safety, and increased 
capacity over conventional technology. While such potential 
bene?ts of high-temperature superconductors remain quite 
compelling, numerous technical challenges continue to exist 
in the production and commercialiZation of high-tempera 
ture superconductors on a large scale. 

[0007] Among the many challenges associated With the 
commercialiZation of high-temperature superconductors, 
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many exist around the fabrication of a superconducting tape 
that can be utiliZed for formation of various poWer compo 
nents. A ?rst generation of superconducting tapes includes 
use of the above-mentioned BSCCO high-temperature 
superconductor. This material is generally provided in the 
form of discrete ?laments, Which are embedded in a matrix 
of noble metal, typically silver. Although such conductors 
may be made in extended lengths needed for implementation 
into the poWer industry (such as on the order of kilometers), 
due to materials and manufacturing costs, such tapes do not 
represent a commercially feasible product. 

[0008] Accordingly, a great deal of interest has been 
generated in the so-called second-generation HTS tapes that 
have superior commercial viability. These tapes typically 
rely on a layered structure, generally including a ?exible 
substrate that provides mechanical support, at least one 
buffer layer overlying the substrate, the buffer layer option 
ally containing multiple ?lms, an HTS layer overlying the 
buffer ?lm, and an electrical stabiliZer layer overlying the 
superconductor layer, typically formed of at least a noble 
metal. HoWever, to date, numerous engineering and manu 
facturing challenges remain prior to full commercialiZation 
of such second generation-tapes. 

[0009] Accordingly, in vieW of the foregoing, various 
needs continue to exist in the art of superconductors, and in 
particular, provision of commercially viable superconduct 
ing tapes, methods for forming and characteriZing same, and 
poWer components utilizing such superconducting tapes. 

SUMMARY 

[0010] According to one aspect of the present invention, a 
method for forming a superconductive article is provided, 
Which includes the steps of providing a substrate, forming a 
buffer layer overlying the substrate, and forming a super 
conductor layer overlying the buffer layer. According to one 
particular feature, the substrate has a relatively high aspect 
ratio, such as not less than about 1x103. Further, the method 
calls for a step of characteriZing at least one of the substrate, 
the buffer layer, and the superconductor layer by x-ray 
diffraction, Where x-ray diffraction data are taken at multiple 
phi angles. Typically, at least three distinct phi angles are 
utiliZed during characteriZation, more typically, at least four 
unique phi angles. 

[0011] According to another aspect of the present inven 
tion, a method for characteriZing the superconductive article 
is provided, Which includes providing a superconductive 
article, and executing a characteriZing step. The supercon 
ductive article includes a substrate, the substrate having an 
aspect ratio of not less than about 1x103, a buffer layer, and 
a superconductor layer. The characteriZing step includes 
characteriZing at least one of the substrate, the buffer layer, 
and the superconductor layer by x-ray diffraction, Wherein 
x-ray diffraction data are taken at multiple phi angles. 

[0012] According to another aspect of the present inven 
tion, a method for forming a superconductive article is 
provided, Which includes providing a substrate, the substrate 
having an aspect ratio of not less than about 1><103 and 
having a non-textured crystal structure. Further, the method 
calls for forming a buffer layer overlying the substrate, the 
buffer layer including a biaxially textured ?lm, forming a 
superconductor layer overlying the buffer layer, and char 



US 2005/0014653 A1 

acteriZing at least one of the buffer layer and the supercon 
ductor layer by X-ray diffraction. 

[0013] According to yet another aspect of the present 
invention, a method for forming a superconductive article is 
provided, including the steps of providing a substrate, form 
ing a buffer layer overlying the substrate, forming a super 
conductor layer overlying the buffer layer, and characteriZ 
ing at least one of the substrate, the buffer layer, and the 
superconductor layer by X-ray diffraction, utiliZing an X-ray 
source having a parallel X-ray beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention may be better understood, 
and its numerous objects, features, and advantages made 
apparent to those skilled in the art by referencing the 
accompanying draWings. 
[0015] FIG. 1 shoWs a block diagram of an XRD system 
for determining the crystallographic teXture of a reel-to-reel 
spool-fed continuous tape. 

[0016] FIG. 2 shoWs a block diagram of the XRD system 
With elements oriented at a (p-angle of Zero. 

[0017] FIG. 3 shoWs a block diagram of the XRD system 
With elements oriented at a (p-angle of —25°. 

[0018] FIG. 4 shoWs a block diagram of the XRD system 
With elements oriented at a (p-angle of +25°. 

[0019] FIG. 5 shoWs a top vieW of a sample holder used 
in the XRD system. 

[0020] FIG. 6A shoWs an end vieW of the sample holder 
of FIG. 5. 

[0021] FIG. 6B shoWs a side vieW of the sample holder of 
FIG. 5. 

[0022] FIG. 7 shoWs schematic draWings of diffraction 
patterns made by the XRD system. 

[0023] FIG. 8 shoWs a section of the tWo-dimensional 
pole ?gure that is plotted based on data gathered by the XRD 
system. 

[0024] FIG. 9 shoWs a top vieW of deposition apparatus 
that includes an XRD system for determining the crystallo 
graphic teXture of a reel-to-reel spool-fed continuous tape. 

[0025] FIG. 10 shoWs a cutaWay perspective vieW of the 
deposition system of FIG. 9. 

[0026] FIG. 11 shoWs a top vieW of a rotating XRD 
assembly. 
[0027] FIG. 12 shoWs a side vieW of the rotating XRD 
assembly. 
[0028] FIG. 13 shoWs diffraction patterns made by the 
XRD assemblies. 

[0029] FIG. 14 shoWs a pole ?gure that is plotted based on 
data gathered by the XRD assembly. 

[0030] The use of the same reference symbols in different 
draWings indicates similar or identical items. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0031] FIG. 1 shoWs an XRD system 100 for determining 
the crystallographic teXture of a reel-to-reel spool-fed con 
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tinuous sample in the form of an HTS (high temperature 
superconductor) tape 110. The tape includes a substrate 
portion on Which processing takes place to form a ?nished 
HTS conductor. Particularly suitable substrate materials for 
include nickel-based metal alloys such as the knoWn 
Inconel® and Hasteloy® groups of alloys. Such alloys tend 
to have desirable thermal, chemical and mechanical prop 
erties, including coef?cient of expansion, thermal conduc 
tivity, Curie temperature, tensile strength, yield strength, and 
elongation. These alloys are generally commercially avail 
able in the form of spooled tapes, particularly suitable for 
HTS tape fabrication, Which typically Will utiliZe reel-to-reel 
tape handling. 

[0032] The substrate is typically in a tape-like con?gura 
tion, having a high aspect ratio. For eXample, the Width of 
the tape is generally on the order of about 0.4-10 cm, and the 
length of the tape is typically at least about 100 m, most 
typically greater than about 500 m. Indeed, embodiments of 
the present invention provide for superconducting tapes that 
include a substrate having a length on the order of 1 km or 
above. Accordingly, the substrate may have an aspect ratio 
that is fairly high, on the order of not less than 103, or even 
not less than 104. Certain embodiments are longer, having an 
aspect ratio of 105 and higher. As used herein, the term 
‘aspect ratio’ is used to denote the ratio of the length of the 
substrate or tape to the neXt longest dimension, the Width of 
the substrate or tape. 

[0033] In one embodiment, the substrate is treated so as to 
have desirable surface properties for subsequent deposition 
of the constituent layers of the HTS tape. For eXample, the 
surface may be lightly polished to a desired ?atness and 
surface roughness. The substrate may be treated to be 
biaXially teXtured as is understood in the art, such as by the 
knoWn RABiTS (rolling assisted biaXially teXtured sub 
strate) technique, although particular embodiments focus on 
use of non-textured, polycrystalline alloy substrates. 

[0034] Typically, the tape 110 is processed to include a 
buffer layer, Which functions to isolate the substrate portion 
from an overlying superconducting layer. The buffer layer 
may be a single layer, or more commonly, be made up of 
several ?lms. Most typically, the buffer layer includes a 
biaXially teXtured ?lm, having a crystalline teXture that is 
generally aligned along crystal aXes both in-plane and 
out-of-plane of the ?lm. Such biaXial teXturing may be 
accomplished by IBAD. As is understood in the art, IBAD 
is acronym that stands for ion beam assisted deposition, a 
technique that may be advantageously utiliZed to form a 
suitably teXtured buffer layer for subsequent formation of an 
HTS layer having desirable crystallographic orientation for 
superior superconducting properties. YSZ (yttria stabiliZed 
Zirconia) and magnesium oXide are typical materials of 
choice for the IBAD ?lm, and may be on the order or 50 to 
500 Angstroms, such as 50 to 200 Angstroms in thickness. 
Generally, the IBAD ?lm has a rock-salt like crystal struc 
ture, as de?ned and described in US. Pat. No. 6,190,752. 

[0035] In embodiments utiliZing an MgO-based IBAD 
?lm and/or epitaXial ?lm, a lattice mismatch betWeen the 
MgO material and the material of the superconductor layer 
eXists. Accordingly, the buffer layer may further include 
another buffer ?lm, this one in particular implemented to 
reduce a mismatch in lattice constants betWeen the HTS 
layer and the underlying IBAD ?lm and/or epitaXial ?lm. 
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This buffer ?lm may be formed of materials such as YSZ 
(yttria-stabiliZed Zirconia) strontium ruthenate, lanthanum 
manganate, and generally, perovskite-structured ceramic 
materials. The buffer ?lm may be deposited by various 
physical vapor deposition techniques. 

[0036] While the foregoing has principally focused on 
implementation of a biaxially textured ?lm in the buffer 
stack (layer) by a texturing process such as IBAD, alterna 
tively, in one embodiment, the substrate surface itself may 
be biaxially textured. In this case, the buffer layer is gener 
ally epitaxially groWn on the textured substrate so as to 
preserve biaxial texturing in the substrate. One process for 
forming a biaxially textured substrate is the process knoWn 
in the art as RABiTS (roll assisted biaxially textured sub 
strates), generally understood in the art. 

[0037] The high-temperature superconductor (HTS) layer 
is provided to overlie the buffer layer, and is typically chosen 
from any of the high-temperature superconducting materials 
that exhibit superconducting properties above the tempera 
ture of liquid nitrogen, 77K. Such materials may include, for 
example, YBa2Cu3O7_X, Bi2Sr2Ca2Cu3O 
Ti2Ba2Ca2Cu3O1O+y, and HgBa2 Ca2Cu3O8+y. One class of 
materials includes REBa2Cu3O7_X, Wherein RE is a rare 
earth element. Of the foregoing, YBa2Cu3O7_X, also gener 
ally referred to as YBCO, may be advantageously utiliZed. 
The HTS layer may be formed by any one of various 
techniques, including thick and thin ?lm forming tech 
niques. Preferably, a thin ?lm physical vapor deposition 
technique such as pulsed laser deposition (PLD) can be used 
for a high deposition rates, or a chemical vapor deposition 
technique can be used for loWer cost and larger surface area 
treatment. Typically, the HTS layer has a thickness on the 
order of about 1 to about 30 microns, most typically about 
2 to about 20 microns, such as about 2 to about 10 microns, 
in order to get desirable amperage ratings associated With 
the HTS layer. 

[0038] FolloWing deposition of a superconducting layer, 
typically at least one conductive shunting layer is deposited 
in order to prevent damage to the superconducting layer as 
deployed in poWer-related applications, including poWer 
cables (including distribution and transmission poWer 
cables), poWer generator, and transformers. The details of 
the conductive shunt layer and the various components in 
Which the ?nished HTS tape can be implemented are pro 
vided in co-oWned US. patent application Ser. No. 10/607, 
945, ?led Jun. 27, 2003, to Lee et al. (attorney docket 
number 1014-SP219), incorporated herein by reference. 

[0039] Turning back to FIG. 1, the tape 110 unWinds from 
a payout spool 112 and Winds onto a take-up spool 122 in 
reel-to-reel fashion, threading through a sample holder 136 
and making physical contact With an encoder 132 or a tape 
location reader. The encoder 132 provides position tracking 
and also provides a Way to monitor the translation rate of the 
tape 110 as it translates through the XRD system 100. The 
encoder 132 can be of multiple types, such as a #9120S 
04096F-5L01-A48SP-04EN model manufactured by Gurley 
Precision Instruments (Troy, An alternate Way to 
provide position tracking is to use a tape location reader that 
utiliZes a bar code or dot matrix read head to measure and 
communicate the exact distance along the length of the tape 
110 at Which measurements are being performed. The tape 
location reader may additionally provide information iden 
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tifying the sample, i.e., the speci?cs of the tape 110 pro 
cessing history. Additional details are provided in US. 
patent application Ser. No. 10/614,400, ?led Jul. 3, 2003 to 
Knoll et al (attorney docket number 1014-SP218), incorpo 
rated herein by reference. 

[0040] The payout spool 112 and the take-up spool 122 are 
functionally connected to a track 120 and a track 130, 
respectively, such that the payout spool 112 and the take-up 
spool 122 are capable of a range of (p-angle displacements, 
such as betWeen —25 and 25 degrees, as illustrated in FIGS. 
3 and 4. The track 120 and the track 130 may be linear 
bearing tracks, such as are commercially available from 
vendors such as Thomson Industries. Amotor 114 such as a 
stepper motor drives the rotation of the payout spool 112 and 
hence advances the tape 110 through the XRD system 100 
a desirable increment While a motor 124 such as a torque 
motor drives the rotation of the take-up spool 122 and 
thereby provides a desirable amount of tension in the tape 
110. A motor 118 such as a stepper motor controls the 
placement of the payout spool 112 along the track 120, While 
a similar motor 128 Works opposite to the motor 118 to 
control the placement of the take-up spool 122 along the 
track 130, as is illustrated in FIGS. 2, 3, and 4. A similar 
motor 116, such as a stepper motor, tilts the payout spool 112 
an appropriate amount in response to the angle through 
Which the motor 118 angles the payout spool 112 along the 
track 120, such that tWists do not develop in the tape 110 that 
may occur Were the payout spool 112 to remain vertical 
throughout the movement of the payout spool 112 along the 
track 120. Similarly, a motor 126 angles the take-up spool 
122 an appropriate amount in response to the angle through 
Which the motor 128 angles the take-up spool 122 along the 
track 130. The motors 114, 116, and 118 and the motors 124, 
126, and 128 are commercially available from Oriental 
Motors. 

[0041] An x-ray source 140 and an area detector 142 
comprise a general area detector diffraction system 
(GADDS), such as is commercially available from Bruker 
AXS Ltd., Which is adapted for reel-to-reel, continuous 
sample lengths by the replacement of its stage With the 
sample holder 136. The x-ray source 140 that focuses a 
parallel incident beam 210 of x-ray radiation, such as copper 
KO. radiation, onto the tape 110, as shoWn in FIG. 2. For 
characteriZation of biaxially textured thin layers or ?lms 
according to embodiments of the present invention, use an 
x-ray source that generates parallel x-ray incident beams is 
desirable. In this regard, use of an x-ray source generating a 
parallel x-ray incident beam advantageously improves the 
integrity of the data measured through characteriZation, as 
compared to techniques Which utiliZe divergent beams for 
characteriZation. More speci?cally, the precise position of 
the tape as it translates through the characteriZation Zone, 
most notably, in the Z-direction, affects the precision of the 
x-ray measurement When relying on systems incorporating 
divergent beams. In contrast, use of a parallel beam mini 
miZes the affect a variance in the actual Z-direction location 
of the tape undergoing characteriZation. 

[0042] The x-ray source 140 and the area detector 142 are 
oriented Within the XRD system 100 such that the incident 
beam 210 impinges upon the tape 110 at an given angle and 
produces a diffracted beam 212 also at a given angle to the 
surface of the tape 110. In the case of YSZ, that angle is 
typically about 15°, Which corresponds to a q) (phi) angle of 
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0 degrees. Of course, for different materials, the incident and 
diffracted beam angles may be at different angles, as the 
particular physical angles are generally material dependent. 
The XRD system 100 can be used for a variety of sampling 
materials by setting the incident angle and the detector angle 
differently, typically corresponding to a 0 degree 4) angle. A 
goniometer (not shoWn) is included in the GADDS that is 
functionally connected to the sample holder 136 and enables 
movement of the sample holder 136 through a plurality of 
motions and angles, including rotation through a range of 
(p-angles in conjunction With the positioning of the payout 
spool 112 and the take-up spool 122 on the track 120 and the 
track 130, respectively. Optionally, the GADDS system 
includes laser-positioning functionality for sample height 
calibration. 

[0043] As shoWn in FIGS. 1-4, and in greater detail in 
FIGS. 5, 6A, and 6B, the sample holder 136 includes a base 
plate 510 to Which are attached a guide 512 at one end and 
a guide 514 at the opposing end. The base plate 510 is 
composed of a metal such as stainless steel and includes a 
groove 610 through the surface of the base plate 510 that 
accommodates the tape 110. If the tape 110 is one centimeter 
Wide and tWo to four thousandths of an inch thick, the 
groove 610 measures slightly over one centimeter Wide and 
approximately tWo to four thousandths of an inch deep. 
Further included in the sample holder 136 is a vacuum port 
612, a vacuum port 614, and a vacuum port 616, Which are 
holes machined through the body of the sample holder 136 
terminating at the groove 610 that are connected to a pump 
138. The pump 138 is a loW poWer pump, such as a roughing 
pump or a diaphragm pump, and is commercially available 
from McMaster-Carr. While FIGS. 6A and 6B shoW the 
sample holder 136 to include three vacuum ports 612, 614, 
and 616, the illustrated embodiment is not limited to a 
speci?c number of vacuum ports. Due to the presence of 
vacuum ports 612, 614, and 616, the sample holder 136 
serves as a vacuum chuck for pulling the tape 110 ?at against 
the surface of the sample holder 136 Within the groove 610 
during measurement intervals. The guides 512 and 514 are 
generally composed of nonabrasive material such as plastic 
or Plexiglas and serve to guide the feeding of the tape 110 
into the sample holder 136. 

[0044] A controller 144 is in communication With the 
motors 114, 116, 118, 124, 126, and 128; the encoder 132; 
the pump 138; the x-ray source 140; and the area detector 
142. The controller 144 mathematically interprets the dif 
fraction patterns created at the area detector 142, yielding 
quantitative information about the texture of the layer of 
tape 110 subjected to characterization, Which may include 
the substrate itself in the case of a textured substrate, but 
most often Will be at least one ?lm of the buffer layer and/or 
the superconductor (HTS) layer. The graphs produced by the 
controller 144 are coordinated With sample-identifying 
information as communicated to the controller 144 by the 
encoder 132. The ?nal output of the controller 144 is 
in-plane texture (not just intensity) as a function of position 
along the tape 110, as is described in reference to FIG. 7 and 
FIG. 8, discussed in more detail beloW. The controller 144 
may be embodied as a system personal computer (PC), data 
acquisition softWare for the GADDS system, control soft 
Ware such as LabVieW, and a set of interfacing components. 

[0045] In operation, the tape 110, either in the form of a 
uncoated substrate, but more typically in the form of a 
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substrate coated With a buffer layer and/or a superconductor 
layer as described above, is then subjected to characteriZa 
tion at XRD system 100 to undergo texture analysis, and 
most typically, in-plane texture analysis. While the precise 
form of the embodiment shoWn in FIG. 1 is readily adapt 
able for characteriZation ex-situ, it may be used in-situ as 
Well, discussed in more detail With other embodiments 
herein. 

[0046] The tape 110 is manually threaded from the payout 
spool 112 through the guides 512 and 514 on the sample 
holder 136 and onto the take-up spool 122. The encoder 132 
is made to physically contact the tape 110. The controller 
144 next advances the tape 110 through the XRD system 100 
by driving the motor 114 and the motor 124, Which drive the 
rotation of the payout spool 112 and the take-up spool 122, 
respectively. The encoder 132 measures the distance trans 
lated by the tape 110 and at a predetermined increment, e.g., 
every 10 centimeters, as programmed Within the controller 
144, the controller 144 halts the translation of the tape 110 
through the XRD system 100 by disengaging the motors 114 
and 124. The controller 144 engages the pump 138, creating 
a vacuum through the vacuum ports 612, 614, and 616 that 
adheres the tape 110 ?atly Within the groove 610 of the base 
plate 510 of the sample holder 136 and maintains the tape 
110 at a ?xed vertical height. The controller 144 begins the 
texture analysis by communicating to the x-ray source 140 
to emit the incident beam 210, Which impinges upon the tape 
110 at an appropriate angle, e.g., 15° for YSZ or 16.4° for a 
YBCO HTS layer, and produces the diffracted beam 212, 
Which is collected at the area detector 142 and creates a 
diffraction pattern that is communicated back to the con 
troller 144. Data is collected by the area detector 142 for a 
time interval of, for example, 10 seconds, after Which time 
the controller 144 communicates to the x-ray source 140 to 
discontinue generation of the incident beam 210. The con 
troller 144 then engages the motor 118 and the motor 128, 
Which advance the payout spool 112 and the take-up spool 
122 through an appropriate (p-angle, e.g., 5°, along the track 
120 and the track 130, respectively. During the advancement 
of the payout spool 112 and the take-up spool 122 along the 
track 120 and the track 130, the motor 116 and the motor 126 
are also engaged by the controller 144 to tilt the orientation 
of the payout spool 112 and the take-up spool 122 an 
appropriate angle from the vertical to properly align the 
payout spool 112 and the take-up spool 122 With the (p-angle 
through Which the payout spool 112 and the take-up spool 
122 have advanced along the track 120 and the track 130, 
respectively. Also in conjunction With the advancement of 
the payout spool 112 and the take-up spool 122 along the 
track 120 and the track 130, respectively, the controller 144 
rotates the sample holder 136 an appropriate amount by 
communicating With the goniometer to Which the sample 
holder 136 is functionally attached. The encoder 132 
remains in functional contact With the tape 110 throughout 
its range of (p-motion. Once the payout spool 112 and the 
take-up spool 122 have advanced through an appropriate 
(p-angle along the tracks 120 and 130, respectively, the 
controller 144 disengages the motors 116, 118, 126, and 128, 
and reengages the pump 138. The controller 144 commu 
nicates to the x-ray source 140 to emit the incident beam 
210, and data is again collected at the area detector 142 and 
communicated to the controller 144 for a similar time 
interval. The process continues until data has been collected 
at various phi angles through a range of phi angles. Typi 
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cally, data is taken at multiple phi angles, usually at least 3, 
more typically at least 4, and generally Within a range of 
about 5 to 25 angles, more typically about 8 to 15 angles. In 
one embodiment, a range of (p-angles, e.g., at increments of 
5° from —25° to 25°, as shoWn in FIGS. 3 and 4. During the 
data collection through the range of q)-angles, the x-ray 
source 140 and the area detector 142 remain stationary. An 
important aspect, hoWever is that the tape and the source/ 
detector are moved through different phi angles, the signi? 
cance of Which is discussed beloW, such that one of the 
source/detector and the tape, or both can be repositioned for 
different phi angle data acquisition. 

[0047] The tape 110 is then brought back to a (p-angle of 
0°, as shoWn in FIG. 2, by the appropriate positioning and 
orientation of the payout spool 112 along the track 120 by 
the motor 118 and the motor 116 and the appropriate 
positioning and orientation of the take-up spool 122 along 
the track 130 by the motor 128 and the motor 126, respec 
tively. The motor 114 and the motor 124 are reengaged by 
the controller 144 and advance the tape 110 another incre 
ment, e.g., 10 cm, through the XRD system 100 and the 
measurement process is repeated, such that data collected by 
the controller 144 can be plotted as a function of distance 
along the tape 110, as is described With respect to FIG. 7 and 
FIG. 8. The encoder 132 communicates to the controller 144 
distance information for the tape 110 that gets paired With 
the gathered x-ray texture data. 

[0048] FIG. 7 shoWs a plurality of diffraction patterns 700 
that are generated When a signal is created at a speci?c 
location in the area detector 142 due to the constructive 
interference in the diffracted beam 212 that occurs When the 
Bragg equation is satis?ed in conjunction With the regularly 
repeating crystalline structure of the grains Within the thin 
?lm atop the tape 110. The Bragg equation relates the angles 
at Which X-rays are scattered by planes With an interplanar 
spacing (d) and states: 

[0049] Where n is an integer, 7» is the Wavelength of 
incident radiation (constant), d is the interplanar spacing, 
and 0 is the incident angle of the x-ray beam. In satisfying 
the Bragg equation, diffraction occurs at a speci?c 0-angle 
for each unique set of planes Within a particular grain. In the 
case of YSZ, a diffraction signal recorded at 20=32.8° 
corresponds to diffraction from the (111) plane and a dif 
fraction signal recorded 20=34.9° corresponds to the (201) 
plane of YSZ. Of course, such 20 angles are material 
speci?c. With respect to a YBCO superconductor layer a 
diffraction signal recorded at 20=32.8° corresponds to dif 
fraction from the (103) plane and a diffraction signal 
recorded 20=38.5° corresponds to the (005) plane. 

[0050] Information about the orientation of the individual 
grains that comprise the layer under study is contained in the 
diffraction patterns 700. Each diffraction pattern corre 
sponds to a different (p-angle, and three (p-angles and their 
corresponding diffraction patterns 700 are shoWn in FIG. 7 
for illustrative purposes. In practice, it is likely that a 
diffraction pattern is recorded for each 50 increment betWeen 
(])=—25° and ¢=25°. As a sidenote, When planes are being 
described, (001) is used to describe one plane and {001} is 
used to describe a family of planes. When diffraction direc 
tions are being described, [001] denotes a direction and 
<001> denotes a family of directions. For XRD system 100, 
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it is the planes that are doing the diffracting; hoWever, the 
data in the diffraction pattern is usually described in terms of 
diffracting directions. Further, the diffraction spot location is 
denoted as being on a circle of constant 20 (not 0) in the 
language of the GADDS softWare system. 

[0051] Each constructive interference spot, called a dif 
fraction peak, occurs at a speci?c location on a speci?c 
circle (of varying phi angles) of constant 20-angle, Where 
different diffracting planes Will produce diffraction peaks at 
different 20 angles. In the ideal case, in Which all grains are 
perfectly aligned With respect to one another, the diffraction 
peaks appear as dots. In the Worst case, in Which all the 
grains are randomly oriented With respect to one another, the 
diffraction peaks appear as solid rings that occur along the 
curves of constant 20-angle. In the typical case, in Which 
there is a substantial degree of in-plane grain misalignment 
Within the thin ?lm, diffraction peaks appear as elongated 
spots. In the particular case of YSZ, since the grains of the 
thin ?lm are groWn such that the c axis of their unit cells are 
approximately parallel to each other, the grains are Well 
aligned in the [001] direction and the diffraction peaks 
appear as dots along the 20-angle=35° curve, Which corre 
sponds to diffraction by the {001} planes. The diffraction 
peaks along the 20-angle=35° curve remain undiminished in 
intensity as the tape 110 is rotated through the range of 
(p-angles aWay from <|>=0° because the c axis of the unit cells 
does not change relative to the incident beam 210. Further, 
since there is some degree of in-plane grain misalignment 
along the [110] direction, the diffraction peaks that occur on 
the 20-angle=30° curve, Which corresponds to the {111} 
planes, appear as elongated spots, and diminish in intensity 
as the tape 110 is rotated through the range of (p-angles aWay 
from <|>=0°, because the greatest number of grains is aligned 
along the [110] direction and feWer and feWer grains occur 
aligned at greater phi angles, as is illustrated in the three 
diffraction patterns 700 corresponding to <|>=5°, <|>=0°, and 
q>=-5°. 

[0052] While the (110) plane is the plane of interest to 
quantify the range of in-plane misalignment that occurs 
betWeen grains, due to the fact that the [110] direction lies 
Within the plane of the tape 110 and lies parallel to the tape 
length direction, it is generally dif?cult to directly obtain 
diffraction data from the (110) plane. Instead, the {111} set 
of planes is studied and information, Which includes a 
component that relates information about the {110} set of 
planes, is extracted. 

[0053] The change in intensity as the tape 110 is rotated in 
q) is plotted in FIG. 8, Which illustrates a section of a 
tWo-dimensional pole Figure 800 that is analyZed to deter 
mine the degree of in-plane grain alignment Within the thin 
?lm atop the tape 110. From the Gaussian that characteriZes 
the pole Figure 800, the full-Width at half-max (FWHM) is 
calculated by controller 144. A large FWHM, and hence a 
broad peak in the pole Figure 800, implies that there is a 
large range of misorientation in grain alignment along the 
[110] direction, Whereas a small FWHM, and hence a 
narroW peak in the pole Figure 800, implies a high degree 
of grain alignment along the [110] direction. According to 
embodiments of the present invention demonstrating grain 
alignment, typically, the FWHM spread is less than about 
30°, most typically not greater than about 20°. Particular 
embodiments had a FWHM spread of not greater than about 
15°, or even 10°. 










