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MICROSTRUCTURE OF Pb MODIFIED Bi-Ca-Sr-Cu-O SUPERCONDUCTOR 

R.Ramesh and G.Thomas, 

Department of Materials Science and Mineral Engineering and National 

Center for Electron Microscopy, Materials and Chemical Sciences Division, 

Lawrence Berkeley Laboratory, University of California, Berkeley, CA 

94720. 

S.M.Green, Yu Mei, C.Jiang and H.L.Luo 

Department of Electrical and Computer Engineering, University of 

California, San Diego, La Jolla CA 92093. 

ABSTRACT: The microstructure of samples with and without Pb addition 

has been characterized by transmission electron microscopy (TEM). An 

amorphous Pb-rich grain boundary phase has been found in Pb doped 

samples. It is suggested that a Pb-rich liquid phase assists sintering and 

homogenization of the composition of the superconducting phase to attain 

the higher zero T c. In both samples, Ca replacement by Bi has been found. 

The implications of such a replacement are briefly discussed. 

PACS No. 74.70b 
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INTRODUCTION: Recently it has been reported that the addition of small 

quantities of PbO to an alloy of Bi-Ca-Sr-Cu-O aids in the attainment of 

zero resistance at 105K following the onset of the drop in the resistivity 
at 112K1 ,2. The first report of the beneficial effect of Pb addition was by 

Sunshine et. al. 3 who noted that the T c was raised from 84K by the 

addition of Pb. No steps were observed in the resistivity plot. Prior to 

this it has been observed by us and by several others4-7 that it is not 

possible to obtain zero resistance above 100K in this class of compounds 

although the onset of a resistive drop was observed at even 11 OK. A step 

is generally observed in the resistivity plot. It was suggested that this 

step in the resistivity could be due to a connectivity problem3, i.e., the 

individual superconducting grains may be isolated from each other by a 

region which is non-superconducting at temperatures above 75K and below 

110K. Subsequently, it has been shown8 that in the un-doped samples, 

close to the grain boundaries the c-parameter is reduced to 24A, 

(corresponding to the composition of Bi2Sr2CU10y), which has a Tc of 
about 25K. In several grains, the c-spacing close to the grain boundary 

was lower than that inside the grain due to a change in the composition of 

thes'U"pe'rconductitlg phase. In the case of the Pb-doped sample 

preliminary experiments showed that the c-spacing was uniform inside 

the grains, suggesting that there was "good" connectivity of the grains. 

In this paper we report results of further microstructural investigations 

on the Pb-doped samples, showing that the Pb-doped samples have 

undergone liquid phase sintering. It is suggested that the liquid phase 

enhances transport and hence homogenization of the composition of the 

superconducting phase, especially near the grain boundaries. 
The samples were prepared by the standard method described in ref. 

(1). The un-doped sample had the nominal composition of BiCaSrCU20y, 

and the doped sample Bi2Ca2Sr2CU30y and were processed similarly. 
Samples for electron microscopy'were prepared by mechanically polishing 
a slice of the sample to about 50~m thickness followed by Argon ion 

milling to electron transparency at 6kV using a liquid nitrogen stage. 

Transmission electron microscopy (TEM) experiments were carried out 

using a JEOL 200CX top entry high resolution and JEOL 200CX side entry 

analytical microscope. Xray microanalysis was carried out using a Kevex 

8000 Analyser. All standard precautions for xray microanalysis were 

taken. 

Fig.1 is a typical high resolution image of the grain boundary region in 
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the un-doped sample and clearly illustrates the absence of any second 

phase at these boundaries. Note that the c-spacing is smaller near the 

grain boundary and increases to 38.2A inside the grain. This was a very 

common observation in the case of the un-leaded samples. In the case of 

the Pb-doped samples, the c-spacing was found to be uniformly 38.2A 

near the grain boundary also. In addition, an amorphous phase was 

observed frequently at the grain boundaries, both at the triple junctions 

and at the two grain boundaries. Typical examples of this grain boundary 

phase are shown in the bright field images in Fig.2(a&b), the 

microdiffraction patterns in the inset indicating that the phase is 

amorphous in both regions. In general the width of this amorphous region 

at the two grain boundaries varied from a few nanometers to a maximum 

of about 2ooA. Xray microanalysis showed that this phase is, in general, 

of variable composition but rich in Pb. One typical EDX spectrum from the 

triple grain junction amorphous phase is shown in Fig.3, with the 

quantified data in the inset. Although it is still unexplored, the presence 

of this grain boundary phase suggests the existence of a low melting 

eutectic phase. This inference is supported by the experimental 

observation of the lowering of the melting point of the ceramic during 

sintering. It is also interesting to note that in the case of TI-Ba-Ca-Cu-O 

superconductors, TI203 decomposes to T120, which melts between 

300-400°C and enables liquid phase sintering to occur9. In the 

TI-compounds, steps in the resistivity plot are not observed, further 

suggesting that the absence of steps in the resitivity is related to the 

formation a of liquid phase during sintering. 

In the case of the un-doped sample the microanalysis data indicated 

another interesting feature. Fig.4 is a microanalytical line profile across 

a typical grain boundary and shows the segregation of Bi to the interfaces. 

This behaviour was observed in the case of several grain boundaries. Note 

that this result is consistent with the spacing of the lattice fringes in the 

c-direction, near the grain boundary in the un-doped sample as shown in 

Fig.1. Near the grain boundaries the c-spacing decreases from 38.2A to 

3o.sA. The 3o.sA phase corresponds to the nominal composition of 

Bi2Sr2Ca1 CU20y, and its Bi content is higher than in the 38.2A phase 

which has the nominal composition of Bi2Sr2Ca2CU30y. Consequently, the 

Bi content near the grain boundary is higher, while the Cu and Ca content 

is lower. Since the 3o.sA polytypoid has a lower T c than the 38.2A 

polytypoid, this means that the grain boundary regions in the un-doped 
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sample are not superconducting until the corresponding T c (Le., about 75K) 

is reached. Consequently, a step in the resistivity plot is observed, 

suggesting poor connectivity between the superconducting grains. In the 

case of the Pb-doped sample, the enhanced transport due to the presence 

of the liquid phase assists in the attainment of a homogeneous 

composition ( and c-parameter of 38.2A) with respect to the Cu-O layers. 

One striking feature, common to both the un-doped and the Pb-doped 

samples is the replacement of Ca by Bi and/or Sr. This is evidenced by the 

presence of twin-like features in off-zone axis images, as illustrated in 

the bright field image in Fig.5 for the Pb-doped sample. The microanalysis 

data from the alternating regions of dark and bright contrast are given in 

Table I. Note that except for Ca and Bi, all the other elemental 

concentrations are the same in both regions, within the statistical limits 

of the quantification procedure. For the chemical formula of 

Bi2Sr2CanCUn+ 1 Oy (n=2 for the 11 OK poly typoid) , the relative atomic 
fractions (without oxygen) of Bi, Sr, and Ca are 22.220/0 respectively, and 

of Cu is 33.33%. The microanalysis data in Table I show that: (i) Pb 

replaces Bi in the unit cell; (ii) the region being examined is slightly 

higher inSrcompared to the stoichiometric composition ; (iii) more 

,importantly, The Bi+Pb content of 24.3"6% in region(2) is much higher than 

the 22.22% expected and the 22.7% that is found in region (1). This 

difference is not due to the error bars (shown in Table I)in the 

quantification, which are much lower than the difference observed from 

the two regions. It is also interesting to note that this increase in Bi+Pb 
content has come at the expense of Ca which goes down from 18.18% to 

16.60/0. Since the Pb concentration itself is constant in both regions, the 

increase corresponds to an increase in the Bi content. This replacement of 

Ca by Bi has also been observed directly in high resolution structure 

images, as reported earlier 10 and is understandable since the ionic sizes 

of the two ions are very similar ( Bi+3 = O.96A ; Ca+2 = O.99A). Based 

upon ionic radii alone, it appears less likely that Sr+2 ( 1.12A) will 

participate in such a replacement. 

The replacement of the Ca+2 ions by the Bi ions ( which in all 

probability exists in the +3 oxidation state) can be expected to produce 

significant changes in the electronic configuration of the Cu-O layers. 

Assuming that Bi is indeed in the +3 oxidation state, it is not impossible 

that it loses the pair of electrons to reduce the Cu(+3) that may exist. If 

the Cu(+3) correlates to the T c then such a process may affect the 
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transition temperature of the compound. It is clear that more 

experiments have to be carried out to understand the effect of such a 

replacement of Ca by Bi. 

In conclusion, the steps in the resistivity plot, attributed to the lack 

of connectivity between the superconducting grains, can be avoided by the 

addition of small amounts of PbO, which forms a low melting liquid phase 

and assists sintering and compositional homogenization. Consequently, 

the composition of the Bi-Ca-Sr-Cu-O phase is also uniform with respect 

to the Cu-O layers, especially near the grain boundaries, thus ensuring 

good connectivity. However, the effect of the Pb-rich , amorphous phase 

at the grain boundaries ( to the extent of a few nanometers) on the 

conductivity is still unknown and needs further examination. So also, the 

effect of Ca replacement by Bi needs more experimental analysis. 
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TABLE I 

MICROANALYSIS DATA FOR THE TWO REGIONS 

REGION 1 REGION 2 
.~, 

At.% Ca 18.18(0.36) 16.60(0.34) 
At.% Cu 35.86(0.48) 35.12(0.48) (; 

At.% Sr 23.24(0.44) 23.91 (0.44) 
At.% Pb 4.44(0.16) 4.52(0.16) 
At.%Bi 18.26(0.26) 19.84(0.28) 

( .. 

6 



. \ ' ... 

REFERENCES 

1. S.M.Green, Vu Mei, C.Jiang, H.L.Luo and C.Politis, Phys. Rev. B, Rapid Comm., (in 

press). 

2. R.Ramesh, G.Thomas, S.M.Green, C.Jiang, Vu Mei, M.L.Rudee and H.L.Luo, 

accepted for publication in Phys. Rev.B. 

3. S.A.Sunshine, T.Siegrist, L.F.Schneemeyer, D.W.Murphy, RJ.Cava, B.Batlogg, 

R.B.van Dover, R.M.Fleming, S.H.Glarum, S.Nakahara, RFarrow, J.J.Krajewski, 

S.M.Zahurak, J.V.Waszczak, J.H.Marshal/, P.Marsh, L.W.Rupp, Jr. and W.F.Peck, to be 

published(1988). 

4. S.M.Green, Vu Mei, C.Jiang, H.L.Luo and C.Politis, accepted for publication in 

Modern Phys. Lett. 

5. R.M.Hazen, C.T.Prewitt, R.J.Angel, N.L.Ross, L.W.Finger, C.G.Hadidiacos, 

D.RVeblen, P.J.Heaney, P.H.Hor, RL.Meng, V.V.Sun, V.Q.Wang, V.V.Xue, Z.J.Huang, 

L.Gao, J.Bechtold and C.W.Chu, Phys.Rev. Lett.,SO, 1174(1988). 

S. C.W.Chu, J.Bechtold, L. Gao, P.H. Hor, Z.J. Huang, R.L. Meng, V.V. Sun, V.Q.Wang, 

and V.V. Xue, Phys. Rev. Lett., SO, 941 (1988). 

7. H.Maeda, V. Tanaka, M.Fukutomi and T.Asano, to be published. 

8. R.Ramesh, G.Thomas, S.M.Green, C.Jiang, Vu Mei and H.L.Luo, Appl. Phys. Lett. 

( in press). 

9. R.Dagani, Chemical & Engg. News, May 1988 ( reporting discussions with 

D.S.Ginley of Sandia National Laboratories). 

10. C.J.D.Hetherington, R.Ramesh, M.A.O'Keefe, R.Kilaas, G.Thomas, S.M.Green and 

H.L.Luo, Appl. Phys. Lett., (in press) . 

7 



Figure 1: 

Figure 2: 

Figure 3: 

Figure 4: 

FigureS: 

FIGURE CAPTIONS 

High resolution image of un-leaded sample showing the 

decrease in the c-spacing from. 38.2A to 3o.sA near a grain 

boundary. 

(a) Bright field image of the Pb-rich amorphous phase at the 

triple grain junctions; (b) bright field image of the same 

phase at the two-grain boundaries. The insets in both the 

figures identify the amorphous nature of the Pb-rich phase. 

A typical EDX spectrum from the triple grain junction­

amorphous phase. 

Microanalytical line profile across a grain boundary in the 

un-leaded sample, showing the segregation of Bi to the grain 

boundaries. 

Bright field image of the leaded sample showing the presence 

of planar defects which differ in the Bi and Ca concentrations 
only ( see Table I). 
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