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A b s t r a c t  

The refinement of structure parameters, chemical composition and Tc of mono- and 
polycrystalline YBa2Cu307_:,, GdBa2Cu307_~, DyBa2Cu307-~ and Bi2Sr2CaCu208 +~ samples 
illustrate sharp correlations of the peculiarities of the crystal structures with the oxygen 
content and T¢ level. Crystal anisotropy of the yttrium- and bismuth-based high-temperature 
superconducting 123 and 2112 phases under cold and warm plastic strip deformation 
gives rise to the formation of a basal texture, the perfection and stability of which are 
determined by the conditions of deformation, and subsequent annealing and phase 
transformations. The T¢ level of polycrystalline materials depends slightly on the formation 
of basal texture and is determined by their substructure. The formation of shear texture 
in the yttrium-based high-temperature superconducting strips drastically decreases 
their T¢. 

1. I n t r o d u c t i o n  

The  con t inued  s ea r ch  fo r  s u p e r c o n d u c t o r s  wi th  high T¢, beg inn ing  vir tual ly 
with the  d i s cove ry  o f  the  p h e n o m e n o n  o f  supe rconduc t i v i t y  in 1911 by  
Onnes ,  w a s  c o m p l e t e d  in 1986  w h e n  Bednorz  and  Muel ler  r evea led  tha t  
s u p e r c o n d u c t i n g  c o p p e r  ox i de s  are  h igh - t empe ra tu r e  s u p e r c o n d u c t o r s  
(HTSCs)  [ 1 ]. Tha t  the  ox ide  s u p e r c o n d u c t o r s  can  r e a c h  high T¢ was  sugges t ed  
b y  Mat th ias  ( see  ref.  2).  In para l le l  wi th  the  inves t iga t ions  of  s u p e r c o n d u c t i n g  
A15 phases ,  ca rb ides ,  ni tr ides,  bo r ides  and  o the r  me ta l  c o m p o u n d s ,  the  
s u p e r c o n d u c t i v i t y  o f  ox ides  w a s  in tens ive ly  s tudied  in r e cen t  yea r s  [3 -5 ] .  
Along wi th  t he se  s tud ies  of  s u p e r c o n d u c t i n g  ox ides  -- SrTiO3 [6], cubic  
sp ine ls  LiTi204 [7], c o m p l e x  ox i de s  BaPbO3 and  BaPiPb03  [8, 9], n iob ium 
m o n o - o x i d e  [10] and  o the r s  [3] --  the  d i scovery  o f  HTSCs was  p r e c e d e d  
by  the  inves t iga t ion  of  s u p e r c o n d u c t i n g  ionic c o p p e r  chlor ides  [ 11 ] and  A15- 
p h a s e - b a s e d  c o m p o s i t e s ,  as  well  as  o the r  s u p e r c o n d u c t i n g  s u b s t a n c e s  wi th  
d i s p e r s e d  c o p p e r  inc lus ions  [12, 13]. 

U n p r e c e d e n t e d  in its intensi ty,  the  s t udy  o f  s u p e r c o n d u c t o r s  on  the  bas i s  
o f  ox ide  c e r a m i c s  has  un fo lded  in two  d i rec t ions  o f  s t ruc tura l  invest igat ions:  
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HTSC structure peculiarities that occur  with different oxygen contents, which 
are extremely important for understanding the mechanisms of supercon- 
ductivity; and the study of  texture formation processes,  which turned out 
to be decisive in the development  of the high critical current materials. In 
the present  paper, among the HTSCs with T¢ higher than the boiling temperature 
of liquid nitrogen, these problems are examined in detail for YBa2Cu3OT_~ 
(123) and Bi2Sr2CaCu2Os+~ (2212) phases. 

The main crystal structure elements of the 123 phases are the CuO2 
planes consisting of  Cu2, 0 2  and 0 3  sites (Fig. 1), and C u l - O 4  chains 
arranged on the basal plane. Since Z for Cu2 is somewhat  less than Zo2 and 
Zo3 these planes are corrugated such that atoms 0 2  and 0 3  are almost 
coplanar. The Cu2 atoms are displaced from these planes towards O1 atoms 
by about  0.25/~; nevertheless, the Cu2-O1 distance, as a nile, is distinctly 
larger than that from O1 to Cul .  Therefore, instead of  C u l - 0 4  chains, one 
frequently considers the CuO4 quadrangular chains consisting of  Cul ,  O1 
and 0 4  atoms. In most  work it is assumed that the carriers that predominate 
in superconductivity are localized mainly on the CuO2 planes. These systems 
could be described by the two-dimensional Hubbard model  [14-17l .  Their 
ground state is an insulator, and their compounds  are metallic and super- 
conducting when they are hole doped. 

The crystal structure of  the superconducting 123 phases may be regarded 
as that formed by  packing along the c axis of  the triple layers composed  
from the CuO5 pyramid sheets turned with their apexes  to the chains. It has 
been experimentally confirmed that the interaction between CuO2 planes 
belonging to different elementary cells significantly affects the value of T¢ 
[18]. 

The crystal structure of 2212 phases (Fig. 2) has as its main element 
two layers of  the CuO5 pyramids turned with their bases  to each other. This 
structure is similar to that of 123 phases, but  with the difference that such 
neighbouring layers are shifted by  half of a period and that double Bi-O 
planes, rather than Cu-O chains, are arranged between the layers. 

The variations in the superconducting characteristics of HTSC oxides 
due to their chemical composition, sintering conditions and other technological 
factors are determined by correlation of these properties, not  only by the 
peculiarities of their crystal structure, but  also by the pronounced crystal- 
lographic anisotropy of  these compounds.  The latter is manifested in the 
strong variation of the critical field and current characteristics depending 
on the crystal orientation, crystallographic texture and morphological texture 
of the polycrystalline samples. 

In at tempts  to develop high critical current materials an understanding 
of the HTSC deformation and texture formation mechanisms when HTSCs 
are treated at high pressures is of  great  importance. The mono- and poly- 
crystalline 123 and 2212 HTSCs belong to the class of  materials with high 
susceptibilities to brittle fracture [19]. Owing to a pronounced anisotropy 
of the HTSC propert ies  the powders  [20, 21] acquire, upon crystal breaking, 
the non-axial shape of  particles with a preferential orientation of plane 
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Fig. 1. Fragment  of  the  YBa2Cu307 structure.  

Fig. 2. Fragment  of the  Bi2Sr2CaCu208 structure.  
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fracture. During deformation (single-axial compression, rolling) the yttrium- 
and bismuth-based HTSC materials acquire, as a nile, a basal (001) texture 
[22, 23]. Apart from its effect on texture formation the influence of pressure 
upon the lattice parameters  of superconducting phases is also significant 
and the substructure diminishes the oxygen content and provides evidence 
of  their chemical instability [22-26] .  Owing to a strong critical current 
anisotropy in the HTSC crystals [27] the texture significantly affects the 
current characteristics of wires, strips and cables [21]. 

The present  paper  reports  on correlations of the crystal structure pe- 
culiarities, oxygen content, texture and Tc of real mono- and polycrystalline 
samples and fine yttrium- and bismuth-based HTSC strips. 

2. Mater ia l s  and  e x p e r i m e n t a l  de ta i l s  

The polycrystalline YBa2Cu3OT_~ (123 phase with orthorhombic and 
tetragonal structure) and BieSr2CaCu2Os+~ (2212 phase) samples were syn- 
thesized through a solid state reaction from mixtures of oxides, carbonates 
and nitrides at 750 -1100  °C (0 .5 -100  h) in air and in flowing O2 with an 
intermediate milling (from 2 to 6), with a cooling rate between 4 and 200 
°C min-  1. The yttrium- and bismuth-based HTSC strip samples were prepared 
by  rolling the fine powders  of  123 orthorhombic phases (T¢= 85 -93  K) and 
2212 (T¢-- 8 0 - 8 3  K) with carbon plastifier. The YBa2Cu30~_~, GdBa2CusOT_x, 
DyBa2Cu3OT_~ and Bi2Sr2CaCuuOs+~ crystals with sizes between 50 /~m and 
4 - 8  nun were grown by programmed polythermic and isothermic annealing. 
(In addition to our own samples, some of the crystals of these compounds  
used for the X-ray investigations were synthesized in the laboratory of Professor 
N. E. Alekseevskii.) 

The metal and carbon contents were determined by chemical analysis, 
and the oxygen content by activation analysis. Electron microprobe deter- 
mination of  the metallic components  in the monocrystals  was carried out 
with a Camebax Microbeam microanalyser using the standard method; oxygen 
determination was carried out  with the ultralong-wave Spectrozond microan- 
alyser developed at the Baikov Institute of  Metallurgy of the USSR Academy 
of Sciences and intended for precise spectral investigations in the wavelength 
range from 1.8 to 30 nm [28, 29]. 

The application of  concave diffraction gratings as dispersive elements 
and windowless secondary-electron (channeltron) multipliers with open pho- 
tocathodes  used instead of flow proportional counters  are the main differences 
between the Spectrozond microanalyser and the commercial device. A short- 
wavelength filtration system, based upon total external reflection, considerably 
increases spectrum contrast  and eliminates the overlapping of the highest- 
order  short-wavelength diffraction lines with analytical lines. In the spec- 
t rometers  a new X-ray--optical Rowland focusing scheme is realized. A silicon 
dioxide crystal was used as a sample for comparison. The oxygen determination 
threshold in a HTSC using Spectrozond is 0 .03-0 .04  mass%, with an accuracy 
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of determination of 4 tel.%. The microstructure of alloys and strips was 
studied using a JSMU-3 scanning electron microscope. The Tc was determined 
using the inductive method and, in a few cases, the resistive method at 
temperatures of 77 K or more. 

The X-ray investigation of polycrystalline samples has been carried out 
using an automatic DRON-3M diffractometer controlled by an IBM PC AT. 
Phase composition was analysed using the JCPDS database, literature data 
and the results of our investigations of the Y-Ba-Cu-O and Bi -Sr -Ca-Cu-O 
phase crystal structures. A set of intensities of the X-ray crystal reflections 
was collected with a Syntex PI diffractometer (Mo Ks radiation, 0/20 scanning). 
The structures were refined by an Aren complex [30] using the method of 
least squares in a full matrix approximation. 

As is known, the study of the material texture of the 123 and 2212 
phases involves certain experimental difficulties. The X-ray diffraction spectra 
of 123 and 2212 phases have no individual reflections applicable for a study 
of texture. All reflections are divided into overlapping groups with intervals 
of 0.3 ° for the 123 phase and 1-2.5 ° for the 2212 phase. The texture of 
yttrium- and bismuth-based HTSC strips was investigated by the method of 
direct pole figures (DPFs) from total reflections using an automatic DART 
UMI diffractometer with Cu K radiation. A method of DPFs for yttrium-based 
HTSC has been described earlier [29]. To determine the type of texture and 
preferred directions in the yttrium-based HTSC strips we used a group of 
(013) + (110) + (103) reflections. In order to estimate the perfection of the 
component  of the basal texture, scattering angle and relative intensity at 
the maximum point, we used the group of reflections (014) + (005) + (104). 
For bismuth-based HTSC strips the DPFs were constructed from the total 
reflections ( 1 5 7 ) + ( 1 6 6 ) + ( 1 4 8 )  and (0 0 10)+(164)  (indices in a cell with 
b' -- 6b). In general, for determining the texture of the 2212 phase material 
the group of reflections presented in Table 1 is more suitable. This table 
also lists the positions of the texture maxima (angle a) on the different types 
of pole figures, estimated on the assumption of the presence of a basal 
texture in the material and determined by the angle ~ between the basal 
and reflecting planes. 

3. The resul t s  o f  structural  invest igat ions  

The variations in the interatomic distances with increase in the oxygen 
deficiency in GdBa2Cu307_x are similar to those found earlier for YBa2Cu~07_~ 
[31] as determined by the refinement of the structural parameters (Table 
2). The triple layers formed by CuO5 pyramids, turned with their apexes 
towards the Cu l -O 4  chains, are elongated. The CuO5 pyramids are elongated 
such that their tops approach the chains, and the asymmetry in the position 
of apical O1 atoms is increased. The oxygen concentration decreases mainly 
because of the occupancy of the positions in the basal plane. Hence an 
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TABLE 1 

The orthorhombic 2212 phase structure reflection group for determination of texture 

hkl I/Io (%) 20 ~ (deg) q~b (deg) Maximum on pole figure 

008 48.5 23.20 0 Main 
151 23.20 82.9 c 
144 2.1 24.0 61.1 Absent 

0 0 10 35.7 29.15 0 Main 
164 7.7 28.45 65.7 Pronounced, 

complementary 
091 7.5 29.72 84.4 - 

0012 0 Main 
168 47.9 Traces 
204; 0104 5.8 35.15 70.5 - 
159 41.7 Present  

155 100 27.52 58.0 Main 
164 7.7 28.45 65.7 Absent  
16 26.5 77.2 - 
119 4.0 26.5 7.2 Traces 

157 74.5 31.0 48.8 Main 
091 7.5 29.72 84.4 - 
166 55.8 Introduce asymmetry 

into the main maximum 

~Cu Ka radiation. 
bangle between the basic and reflecting planes. 
¢Dash corresponds to  a lack of maximum within a pole figure. 

increase in the Ba-Ba distance is correlated with the attenuation of screening 
of the Ba-Ba interaction. The occupancy of the Cu2 position for both large 
and small oxygen concentrations is close to unity. This result is in accordance 
with the knowledge of CuO2 planes as elements that are slightly affected by 
different factors. 

From our point of view the most significant variation in the GdBaeCu3OT_~ 
structure with decreasing x lies in the coming together of the main structure 
elements -- CuO4 chains and CuO2 planes, which results in three-dimensional 
layer compression. Some increase in the Cul -O1 distance (Table 2) does 
not  compensate for this variation. Such a convergence should be considered 
to be the result of increasing the plane-chain interaction and the interaction 
between planes belonging to different cells which, as was mentioned above, 
is important for superconductivity in these systems. Attention should also 
be given to the fact that  the O1, Cul  and Cu2 atoms belong to different 
planes and are shifted towards one another and, as a result, there could be 
a change in the asymmetry of charge distribution along the c axis [32]. In 
the Hubbard model these effects can significantly modify the effective Coulomb 
potential and, hence, T¢. 

The local density of  states calculations point to the fact that in YBa2Cu30~ 
the hole density is different for chains and planes. They are linked via a 
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TABLE 2 

Interatomic distances and Gd-Ba-Cu-O crystal structure parameters a before and after oxidation 

Distance (/~) 

GdBal.96Cu2.7606.4 b G d B a ~ . 9 7 C t 1 2 . 8 0 0 6 . 9  ¢ 

Cul-O1 1.800(14) 1.835(10) 
Cul-O4 1.944(0) 1.945(0) 
Cu2-O1 2.412(14) 2.312(10) 
Cu2-O2 1.954(0) 1.959(1) 
Cul-Cu2 4.212(1) 4.146(1) 
Cu2-Cu2 3.349(2) 3.374(2) 
Ba-Ba 4.523(0) 4.340(0) 
Ba-O1 2.787(2) 2.767(1) 

a 3.887(1) 3.878(2) 
b - 3.890(1) 
c 11.773(3) 11.667(6) 

aFull structure parameters will be published elsewhere. 
bR = 3.9%; 371 independent reflections. 
CR = 4.2%; 694 independent reflections. 

c o m m o n  Fermi  level and the  chains  ac t  mere ly  as hole  dopan t s  fo r  the Cu02 
p lanes  [33 ]. Thus  the  supe rconduc t iv i ty  depends  on  the car r ie r  concen t ra t ion  
in the  CuO~ p lanes  c rea ted  by  charge  t rans fe r  f rom the chains  playing the  
role  of  a charge  reservoir .  As the oxygen  def ic iency increases ,  the car r ier  
c onc e n t r a t i on  in the  p lanes  is changed  and the  obse rved  var ia t ions  in 
in te ra tomic  d is tances  fix this cha rge  t r ans fe r  [34 -36 ] .  The bond  lengths  turn  
out  to  be  r a the r  sensi t ive to this p rocess .  F ro m  the  es t imates  of  the charge  
on  chemica l  bonds  assoc ia ted  with c o p p e r  car r ied  out  for  different  oxygen  
concen t r a t i ons  in YBa2Cu~OT_x with the  use  of  in tera tomic  dis tances  ref ined 
by  the  n e u t r o n  diffract ion m e t h o d  [35] it fol lows tha t  the dec rease  in posi t ive 
cha rge  assoc ia ted  wi th  c o p p e r  in the  p lane  is 0 .03 e lec t ron  pe r  c o p p e r  ion 
and  0 .05 e lec t ron  pe r  c o p p e r  ion nea r  the  sharp  var ia t ions  of  T¢ at  x =  0.3 
and x = 0.5 respect ively .  Accord ing  to  ref.  36, charge  t rans fe r  in YBaCu3OT_~ 
is f ixed by  such  d is tances  as C u l - 0 4 ,  C u 2 -O 1 ,  and C u 2 - C u 2  bes t  of  all. 
F r o m  the  resu l t s  o f  r e f inement  ( the s t ruc ture  pa rame te r s  l isted in Table  2) 
it is s een  tha t  the  cha rac t e r  o f  the  d is tance  var ia t ion with increas ing x in 
GdBa2CuaOT_x is similar  to  tha t  desc r ibed  above  and this m ak es  it possible  
to  a s sume  that  a reservoi r -p lane  c o n c e p t  is appl icable  fo r  this c o m p o u n d  
too.  

The  DyBa2CuaO~.a crystal  unde rgoes  a supe rconduc t ing  t ransi t ion in the 
interval  f rom 50 to  18 K. At the  same t ime the s t ruc ture  o f  this  c o m p o u n d  
is sa t is factor i ly  ref ined in the  t e t ragona l  sys tem (space  group,  P 4 / m m m ;  R 
factor ,  0 .032) .  Three-d imens iona l  scanning  in the reg ion  of  rec ip roca l  space  
a r ound  (220)  (h00)  and  (00O has  revea led  an abnormal  intensi ty  distr ibution 
in p rox imi ty  to  these  ref lect ions.  The  fo rm of  the  ref lect ions can be  expla ined  
by  the  a s sumpt ion  tha t  the  crystal  unde r  invest igat ion consis ts  of  o r tho rhombic  



66 

twin domains separated by sufficiently wide interlayers, where the periods 
a and b vary smoothly. In other words the average occupancy of oxygen 
positions (½ 0 0) and (0 ½ 0) is gradually changed from zero to unity and 
sequentially a and b change from 3.83 to 3.89/~ (estimated from the extension 
of reciprocal lattice points), yielding the pattern of a pseudotetragonal crystal 
with a = b = 3.868/~. 

The T¢ dependence on oxygen content in YBazCu30~_x, as is known, 
is non-monotonic. This dependence has two plateaux near 90 and 60 K 
which are fixed respectively for 0 < x < 0.2 and 0.4 < x < 0.55. Further increase 
o f x  gives rise to a sharp decrease of T¢, and for x >/0.65 the superconductivity 
disappears. With the use of electron microscopic methods it was established 
that, as oxygen is removed from the chains, two- and three-dimensional 
superlattices are formed due to ordering of the "filled" and "empty"  (with 
respect to oxygen) chains [37]. At the oxygen concentration corresponding 
to the plateau with T¢ = 60 K a three-dimensional long-range oxygen-ordered 
structure (2ao × bo × 2c0) is obtained. The appearance of this phase is caused 
by a full lack of oxygen in each second chain in the a and c directions. 
This phase is found over a relatively wide interval of concentrations 
( 0 . 2 < x < 0 . 7 )  and, as a rule, coexists with less stable phases where the 
oxygen-filled or "vacant"  C u l - 0 4  chains in the basal planes alternate in 
the a direction with periods 3a0, 4ao and 5ao. In the general case, order 
of the chain alternation along the c axis is absent and superstructure is not 
realized in the volume. In the 123 phases other types of superstructure 
[38-41 ], e.g. the superstructure 21~ao × 23/2b o × Co, develop due to a structure 
parameter modulation [40 ] as revealed by the electron microdiffraction method. 
Our experiments on the X-ray diffraction of YBa2Cu3Os.6, GdBa2Cu306.8 and 
GdBa2Cu3Os.9 crystals have not  revealed any superstructure reflections. 

In Bi-Cu-O 2212 crystals the X-ray reflections occurring due to structure 
parameter modulation are clearly observed. The Bil.99Srl.60Cal.ooCul.saOs.s~ 
crystal structure refined by a full-matrix least-squares method to R - 0 . 0 6 5  
with the elementary cell periods a= 5.405/~, b0 = 5.402/~ and c - -30 .766/~  
(space group Cccm, 114 independent reflections) has led to a model analogous 
to that in ref. 42. The scattering factors at bismuth positions turned out to 
be lower, and at the strontium positions were higher, as compared with the 
data following from the results of microprobe analysis (Fig. 2). The super- 
structure reflections correspond to a commensurate  modulation along the b 
axis with the period b--5bo. As the set of structure amplitudes is small and 
the crystal shape (170× 1 4 0 × 2  ~m 3) is drastically anisotropic, the crystal 
structure refinement in the model with the elementary cell with b = 5bo was 
rather complicated. At the same time an analysis of intensities enables us 
to reach conclusions concerning the character of the structure parameter 
variations within a "large" cell. 

A set of Bi-Cu-O experimental intensities not including 232 subcell 
reflections had 142 superstructure reflections with k - - 5 n  ± 1 whose intensity 
is considerably weaker. No reflection with I(hkl) > 3(r and k -- 5n ± 2 has been 
revealed. A structure factor F(hkl) can be presented as a sum of contributions 
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of  the s t ruc ture  fac tors  of  a toms  be longing  to five ne ighbour ing  subcel ls  
with b=bo: 

5 g a  

F(hkl) = ~, ~ f~ exp[ 2zri(hx~m + kyjm +/Zj~) ]  (1) 
m = l  j 

where  m and Na are the  n u m b e r  of  the  subcel l  and the  n u m b e r  of  a toms  
in it respect ively;  f~, xjm, Yjm and zj,~ are the  a tomic  and  posi t ion  paramete rs .  

Assuming tha t  y ~ = y , m - ( m -  1)/5,  then  

5 

F(hkl) = ~ e x p [ 2 ~ r / k ( m -  1)/5]  (2) 
m ~ l  

where  Fm is the  cont r ibut ion  to the  s t ruc tu re  f ac to r  f rom the  subcel l  m:  

Na 

Fm = ~ f j  exp[2v / (hx jm + ky~ +/Zjm) ] (3) 
J 

A sa t i s fac tory  re f inement  of  the  s t ructura l  p a r am e te r s  in the  mode l  with 
b = bo m a k e s  it poss ib le  to a s s u m e  that the  difference in the atomic  parameters  
of  the five ne ighbour ing  subcel ls  is no t  large,  and t h en  

IF, I -  ~ l  << IF, J i C j  
IF, +F~I = IF, I + ~1 (4) 

Then,  for  k=5n, IF(hkl)l = Z ~ = I  IF,~I, and  for  k:/:5n the  va lues  of F(hkl) 
can be  p r e s e n t e d  as  a sum of  vec to r s  (Fig. 3). 

Taking into accoun t  (as fol lows f rom exper imen t )  that ,  fo r  k = 5 n _ + 2 ,  
F(hkl) = 0, and, for  k = 5n  _ 1, F(hkl) ~ O, t hen  

4~" 2~r 
(IF~I-IF~I) sin T +(IF~I-IF~I) sin- T =0 (:5) 

i F, 

f~ 5 
F, F~ 

= F, 

k = 5n± 1 k = 5n +- 2 

Fig. 3. Vector diagrams of the contribution of structure factors Fhk~ for k = 5n ± 1 and k = 5n ± 2. 
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47r 27r 
cos  cos  -5- = 0  (6) 

Equations (4) and (5) yield that IF21 = ~ 1  and Pal • IF4] • Then, assuming 
that ~11 =F ,  and ~'el = ~Fd = a_P, where a is close to unity, from eqn. (6) it 
follows that  IF31 = ~41 = ( 2 . 6 a - 1 . 6 ) F .  Thus, the conditions limiting possible 
reflection of the type k = 5 n ±  2 can be the result of periodic variations in 
the contributions to the structure factor from different subcells Fm with 
relatively small amplitude. 

An appearance of modulated structure in the bismuth 2212 phase is 
caused by vacancies in the bismuth and strontium layers, by partial substitution 
of Bi atoms for strontium and bismuth for calcium as well as calcium and 
strontium for calcium, and by atomic displacements in the bismuth, strontium 
and calcium layers [42, 43]. An analysis of the results of refining the structural 
parameters of one average cell makes it possible to consider that  we have 
a periodically varied (with relatively small amplitude) occupancy of bismuth 
and strontium positions along the b direction with the period 5bo. 

4. Texture  and anisotropy  o f  the  yttrium- and bismuth-based HTSC 
strip propert ies  

The two-dimensional character of the main fragment of structure to 
which the authors attribute the presence of superconductivity in the 123 
and 2212 phases determines a sharp anisotropy of the critical current of 
these superconductors. As is known, the ratio of the critical current values 
along and perpendicular to the c axis reaches about 10 a [27]. So while 
developing the materials with high current capability a great deal of attention 
is paid to forming favourable texture in which the basal plane is oriented 
in the direction of current flow. We have considered these questions in detail 
in connection with rolling the yttrium- and bismuth-based plastified powders. 

We have previously reported in refs. 23 and 44 that the rolling of the 
plastified yttrium-based HTSC powders can lead to production of rather high- 
strength flexible strips with good (00/) [hk0] basal texture. The texture 
becomes stronger as the extent of deformation is increased. The texture has 
an axial component  (with the rotation axis around a normal to the rolling 
plane); the orientations (011) [010l, (001) [110] and (001) [210] can also 
be identified. 

The rolling of 2212-phase powders also leads to the formation o f  basal 
texture (Fig. 4). v~rlth 90--96% deformation the pole density is P(o010) = 15 
arbitrary units (scattering angle, about 15°). While studying the texturegrams 
of bismuth-based HTSC superstructure reflections are clearly observed. By 
means of these reflections it is possible to obtain additional information on 
the texture. Thus (Fig. 5) the use of the reflection group (0 0 10)+(164) ,  
which includes a superstructure (164) reflection, makes it possible with one 
pole figure to analyse both the basal texture intensity, according to the 
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Fig. 4. (117) pole figure of the bismuth-based HTSC samples deformed by 94°/0 and annealed 
at 840 °C for 100 h. @, (001) [100] (001) [010]. 

Fig. 5. (0 0 10)+(164) pole figure of the bismuth-based HTSC strip after roiling with a 
deformation of 94% and annealing for 24+ 100 h at 450 °C, showing the texture maxima of 
the (001) [ 110] orientation produced from the main (0 0 10) reflection (A) and superstructure 
(164) reflections (ll). 

central maximum from the (0 0 10) reflection and, according to the position 
of the maxima on the periphery from the (164) reflection, to reveal the 
texture axis arranged in the rolling direction. 

In the pole figures of the yttrium-based HTSC strips produced by rolling 
with extensive deformation the orientation (139) [18 3 1], whose indices in 
the b.c.c, subcell are (133) [611] are exhibited (Figs. 6(a) and 6(b). This 
orientation deviates by 13 ° from the Goss orientation (011) [100] describing 
the shear deformation texture over the close-packed (011) planes in metals 
with the b.c.c, structure. Such a texture in yttrium-based HTSC strips is 
exhibited by increasing the pole density in the centre of the DPF 
(013 )+ (110 )+ (103 ) .  The metal atoms of the 2212 phase form an f.c.c. 
subcell. By analogy with the shear texture observed in the yttrium-based 
HTSC strips a shear texture formation was expected over the close-packed 
(111) planes of the f.c.c, subcell, i.e. the (115) planes of the 2212-phase 
cell. At the applied deformation the pole figures of the bismuth-based HTSC 
strips were free of shear texture contributions. 

Strip annealing can essentially modify the texture. The yttrium-based 
HTSC strips annealed at the temperatures close to the structural transformation 
exhibit these effects more clearly. Strip annealing at temperatures up to 400 
°C does not make essential modifications to their texture. A short annealing 
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Fig. 6. DPFs of the eold-deformed yttrium-based HTSC strips from the total (013) + (110) + (103) 
reflection at (a) 20=32 .8  ° and (b) 20=32 .3  ° as well as after annealing at (c) 450 °C for 110 
h and (d) 600 °C for 24 h. 

at 400-500 °C does not change the type of texture, somewhat weakens it 
and stimulates transition from (001) [110] to (001) [100] and (001) [010] 
orientations. This temperature range corresponds to a maximum diffusive 
mobility of oxygen atoms and intense oxygen saturation of the 123 phase 
[45, 46]. An increase in the duration of low-temperature annealing (450 °C) 
leads to the appearance of a set of orientations which are intermediate 
between the basal and (139) orientations. The type of texture in samples 
annealed at 400-500 °C is of a "tab" character on the yttrium-based HTSC 
strips (Fig. 6(c)). This texture can be explained on the basis of the theory 
of compromise grain growth. This theory attributes the character of the 
texture variation with more active growth of those recrystallized nuclei which 
can grow by absorbing all or some components of the initial multicomponent 
texture [47]. These are those recrystallization nuclei whose orientations hit 
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a spread of orientations between two (or more) components of the initial 
texture. 

An abnormally strong decrease in basal texture is observed during 
annealing of the rolled yttrium-based HTSC strips at 600-650 °C (Fig. 6(d)). 
This decrease appears to arise from the lattice instability near the phase 
transformation from orthorhombic to tetragonal modification [48] of the 123 
compound. Annealing at higher temperatures (900-950 °C) leads to weak 
texture scattering. By keeping a well-formed basal texture such an annealing 
leads to an increase in the orthorhombic distortion due to oxygen saturation 
which is, however, smaller than for the low-temperature annealing. 

The texture of the bismuth-based HTSC strip is more stable on annealing. 
Annealing at T<: 600 °C virtually does not affect this texture. Annealing in 
the temperature range 600-840 °C for 24-100 h even increases its perfection 
(Table 3); longer periods at these temperatures cause its weakening but even 
after 100 h it remains distinct enough. Annealing at T> 840 °C is accompanied 
by an abrupt decrease in texture; the smooth superconducting transition 
observed in this case makes it possible to consider that these temperatures 
lead to structure evolutions typical for the temperatures near the melting 
point (850 °C, incongruently [49]). 

As is known, the value of T¢ and the superconducting transition width 
of HTSCs greatly depend on such factors as substructure, concentration of 
the different types of defect, oxygen content, orthorhombic distortion and 
so on. All these parameters can be significantly varied in the course of strip 
rolling and annealing. At the same time our experiments indicate that there 
is a certain regularity of T¢ variation v s .  the type of texture. Rolling of 
plastified powders of the 123 and 2212 phases, even at relatively small 
extents of deformation, leads to formation of a well-formed basal (00/) [hk0[ 

TABLE 3 

Variations in the lattice parameters  a and T¢ in superconducting strips of the 2212 phase 

Conditions of Degree of a (/~) c (/~) T¢ (K) 
material production texturing b 

Initial powder 5.40 30.6 86 

Deformed strip 
85-90% deformation 4 5.383 30.52 85.4 
96% deformation 4.5 5.381 30.48 85 

Annealing in air 
600 °C, 24 h 5 5.376 30.48 85 
720 °C, 24 h 10 5.371 30.59 88.1 
840 °C, 100 h 8 5.374 30.56 89.9 
850 °C, 9 h 3 5.378 30.49 77-95 ¢ 

aAs the a and b periods of the orthorhombic 2212-phase lattice are 
carried out according to a pseudotetragonal structure. 
bExpressed by the relation I(oo8)+o5~)/I(~5). 
cSmooth transition with very large hysteresis. 

close, the calculation is 
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texture or  packing t ex~re .  Values of  Tc determined as Tc = T¢ (PN~), where 
Ps is the normal state electroresistance near the superconducting transition, 
is not  essentially decreased in this case. As soon as the shear component  
(139) [18 3 1] appears  on pole figures, T¢ is noticeably decreased. Such a 
dependence becomes  clear if account  is taken of the fact that during the 
packing texture formation a crystal cleavage along (00l) planes, and particle 
redistribution with the basal plane orientation along the direction of rolling, 
occurs.  The main structural element which plays an essential role in su- 
perconductivity of these compounds,  the CuO2 planes, is not  disturbed. 
Growth of  the superconducting transition width is perhaps the result of the 
internal stress formation as it usually takes place in the A15 superconductors  
and Chevrel phases.  The formation of the (139) [8 3 1] component  is related 
to the development  of defects deforming the Cu02 planes and, hence, to 
the decrease in T¢. 

5. Conc lus ions  

Our investigations carried out on the structure of a set  of  superconducting 
123 and 2212 copper  oxides, and studied more intensively because of  their 
practical application, correspond to the known predominant role of  the CuO2 
planes in superconductivity. A space be tween the CuO2 planes can be  
considered as a reservoir from which the planes are doped with hole carriers. 
The change of copper  oxidation state can regulate this process.  The interatomic 
distances such as Cu l -O1 ,  Cu2-O1 and Cu2-Cu2 appear  to be rather 
sensitive indicators fixing the charge transfer between Cu-O chains and C u O  2 

planes. The characteristic feature of  2212 superconductivity is structural 
modulation, the formation of which is a consequence,  perhaps, of the difference 
between the Cu02 planes and Bi-O layer periods. A disturbance of the 
perfection of the main structural element to which the presence of super- 
conductivity may be attributed, i .e.  the Cu02 planes, as a result of external 
effects (for example, shear over (139) planes during rolling of the YBa~CuaOT_x 
samples)  results in the suppression of superconductivity. 
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