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Abstraei We have measured the psilimn Lifetime as a function of lempemture from 
80 10 300 K for the Bi(PbfSr-Ca-(3u-O supxonductor (the Bi(Pb)2223 phase). 
We have observed that the positron lifetime nsulu display t h ~  oarmw valleys near 
120, 140 and 160 K and two wide valleys near 240 and 270 K Ihe anomaiy in the 
positron lifetime indicates the m c t u r a l  instability of the B E 2 2 3  supercondudor in the 
normal state, wbich may be  used by s m c t m l  changes, such as the suftening of the 
laltice, or the molion of vacancies in Bi-0 layen We have also Qnied out positron 
lifetime measurements as a function of temperature from 80 10 180 K in the Bi22Pl 
supercondunor; on omparison with the ~ ‘ e ~ u l t s  for the Bi(pb)2223 system, \ye found 
Ihar adding Pb inpunti= mn sabilize the B E 2 2 3  phase. 

1. Introduction 

Investigation of the smctural instability of high-T, superconductors is a very 
important subject today. Different physical probes [1,2], such as ultrasonic 
measurement, x-ray dffiction, specific heat and infrared absorption have been 
employed. These studies will be helpful in the understanding of the superconducting 
mechanism in cuprate superconductors. 

Positron annihilation spectroscopy is an established experimental method for 
an electronic structure and defect study of solids. A number of positron 
experiments [3] have indicated that positron annihilation parameters are sensitive 
to the structural instabilities around and above T, in high-T, superconductors. In 
previous experiments, samples have often been Bi-based 221:2 phase or mixed- 
phase superconductors. In this paper, we present new results of positron lifetime 
measurements as a function of temperature from 80 to xx) K for Bi(Pb)Sr-Ca<u- 
0 (Bi2223) superconductors and discuss the effect of adding Pb impurities. 

2. Jhperiments 

The Bi,,~Pb,,,Sr,Ca,CU,O,+, sintered samples used in the experiments were 
prepared by solid state reaction in air starting with mixing the appropriate amounts 
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of high-punty Bi203, PbO, SrC03, CaCO, and CuO powders. The samples were 
pressed into two discs of 15 mm diameter and 1.5 mm thickness. The superconducting 
transition temperature T, was determined to be 109.6 K 

Positron lifetime measurements were caned  out using a fast-fast coincidence 
spectrometer; the time resolution was determined to be 245 ps using a source. 
A 30 pCi “Na positron source was deposited on a 2 pm Ni foil and sandwiched 
between two pieces of identical samples. Fbr the temperature experiment, the sample 
was attached to the mld head of a liquid-nitrogen cryostat with automatic control of 
the temperature to better than &0.2 K over the operating range from 80 to 300 K 
The experiment was performed from low to high temperature and repeated. The 
temperature interval is 4 5  K Each spectrum mntained 106 counts and was analysed 
using the PAWIT program [4J 

3. Results and discussion 

We measured the positron lifetime spectra as a function of temperature from 80 to 
300 K for the Bi(Pb)2:2:23 system. The results were best fitted to two exponential 
components with a variance of fit of less than 1.10 after subtracting a positron source 
correction (7%) for the 2 p m  Ni foils. Using the experimental results and trapping 
model, the bulk lifetime rb (= (Il/T1 + I z / T Z ) - l )  was evaluated to be about 210 ps, 
which is a little less than the theoretically calculated value of 228 ps for Bi2:2:1:2 
[5]. In our experiment, the lifetime T~ of the short-lived component and the bulk 
lifetime T~ are not sensitive to changes in the temperature; the lifetime mmpnent  r1 
is about 197 ps with Il zz 82%. The second lifetime mmponent T~ can be athibuted 
to positron annihilation in the region of lower electron density, e.g. the defect and 
imperfection regions of crystals. ?his lifetime component r, is very sensitive to the 
change in electron density distribution in the sample. 

3.1. Structural insrabildy 

The results of the positron lifetime T~ as a function of temperature from 80 to 300 K 
are shown in figure 1; figure 2 presents detailed information about the variation in 
T~ with temperature from 80 to 180 K. 

From the variation in T ~ ,  we have the following observations. 
(1) The average value of T~ between 80 and 180 K is about 305 ps and, from 180 

to 300 K, the values of positron lifetime tend to increase. 
(2) Above Tc, the positron lifetime data have three MITOW valleys near 120, 140 

and 160 K with a width of about 10 K (the differences from the average value are 
about 10 ps) and two wide wlleys near 240 and 270 K with a width of about 25 K 
(the differences from the average value are about 20 ps). 

The strucntral instability of high-T, superconductors has been extensively studied 
by various methods. The soft-mode-induced structural instability observed in the 
La,-,Sr, CuO, system was theoretically studied using an electron-phonon interaction 
model 161. For the Bi221:2 superconductor, the anomalous behaviours near 120, 
150 and 250 K have been reported m several experimental studies [2,3]. Fbr the 
Bi(Pb)2223 sample, the structural instability near 140, 160 and 270 K was first 
observed in our positron lifetime measurements. Our experimental results show that 
the anomalous valleys are narrow in the low-temperature region and wide in the 
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high-temperature region, which is consistent with the ultrasonic measurement results 
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positron annihilates. The positron lifetime T is defined as an inverse of the overlap 
integral of the positron density p+ and the electron density p - :  

I / T  2 rrfc p+(r)p-(r)dr3.  J 
The positron density distribution in the BE21:Z system has been studied by 

McMullen ef al [I. The calculated resulls show that the positron density is greatest 
between the Bi-O planes and extends up towards the Cu-O plane; aside from the 
large Bi atom, the metal ion vacancies can bind positrons weakly, but oxygen defects 
cannot bind positrons; any experimental temperature dependence associated with 
trapping at point defects will arise from weak binding m the metal ion vacancies. We 
therefore suggest that the decrease in the positron lifetime T, is due to the increase 
in the electron density at Bi-O layers. The increase in the electron density may be 
caused by some structural instabilities, such as the motion of vacancies at Bi-0 layers 
and the softening of the lattice which will change the average ion position at the 
Bi-0 layer and consequently lead to changes in the electron density and metal ion 
vacancy binding. 

3.2. Efect of adding pb impurities 

In order to study the effect of adding Pb impurities, we have also camed out positron 
lifetime measurements at room temperature and as a function of temperature from 
80 to 180 K for the Bi2:21:2 superconductor sample. The positron lifetime results at 
room temperature are summarized in table 1. 

Tpbk L The 7 2  and n. nsults lor Bi(Pb)2:223 and Bi22.M at mam temperature 

Bi(Pb)Z:223 316 i U 209 * 2 
Bi22.1:2 333i8 w)*2  

From table 1, a sigdcant feature can be seen, namely the lifetime component T~ 

and the bulk lifetime T, in the Bi(Pb)2223 system are shorter than in the Bi2:2:1:2 
system. & mentioned above, the calculated results [6] indicate that the positron 
density is greatest between the Bi-0 planes, and the positron is largely localized in 
the vicinity of the metal ion vacancies, which may account for the relatively large 
lifetime change. In the Bi(Pb)2223 superconductor, Pb atoms mainly occupy sites 
of Bi atoms at Bi-0 layers, and the radius of Pb is larger than that of Bi; so adding 
Pb impurities dl increase the positron annihilaton rate with core electrons, which 
can cause a decrease in positron lifetimes. This is also mnsistent with lifetime values 
reported for the pure metals Pb (214 p) and Bi (248 p) p]. 

The results on the lifetime T~ between 80 and 180 K for the Ba21:2 sample are 
shown in figure 3. These results are in close agreement with those of Sundar el af 
[5]. In their experiment, the positron lifetime T~ was independent of temperature; 
we also cannot find mlleys simiiar to those in figure 1 in the temperature range from 
80 to 180 K. It is noteworthy that the variations in the lifetime T~ for the B&21:2 
sample are more irregular than those for the B i p b ) 2 2 2 3  sample, and the range of 
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lifetimes T~ for the Bi2:21:2 sample is about 40 ps, which is larger than that for the 
Bi22T3 sample between 80 and 180 K (in this case, the range of T~ is about U) ps). 
Thif is because the Bi-based superconductor has a complex modulated sh lc ture ;  the 
B2.212 sample is not a pure B2.21:2 phase superconductor but the Bi(Pb)2223 
sample is almast a pure Biz223 phase superconductor. Therefore, it k evident that 
adding Pb impurities can stabilize the 22:2:3 phase. 
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Flgnrr 3. Ihe temperdrure dependence of the pmirmn lifetime Q from 80 to 180 K for 
the Bi2:2:1:2 sample 

Further positron lifetime measurements in a temperature mnge below 80 K are 
suggested so that more structural information on cuprate superconductors can be 
obtained. 

Acknowledgments 

This research was supported by the National Science Foundation and The National 
Center for Research and Development on Superconductivity of China. 

References 

111 He Y S, Xiang J and Wng X 1989 Pmges in High Emperamre Supmonductivi~y vol U, ed Z X 
Zhao, G J Cui and R S Han (Singapre: World Scienlific) p 332 

[2] Wng Y N, WU J, Z l ~ u  J S, Shen H N Zhang J Z, Yan Y F and Bao Z X 1989 Plo&rm m H$I 
T?nperatwe S u p d u c Q & y  vu1 U, ed Z X Zhao. G J Cui and R S Han (Singapore: World 
Scientific) p 426 

PI Wng S J, Naidu S V, S h a m  S C, De D 4 Jmng D U, Black T D. Kirchene S, Reynolds J R 
and Owens J M 19SSPhp Rev B 3 7  603 



350 2 Tang et a1 

Wang S J, li X H, Chen Y I, li S 0, Feng G H, Wang 2, (3hen Aand U B R  1989Phyr Skmu 

Wang S 1, Chcn Y I, li S 0, Feng G H, Wang Z and &n L Q 1990 Kmu %&-o 35 1298 an 

Kirkegaad P and EldNp M 1974 Cmtpu. phys. Commtut 7 401 

Solidi a 114 Z'3 

Chin-) 
[4] 
[SI Sundar C S, Bharathi A, Wig W Y, Jean Y C, Hor P H, Meng R I, Hung  Z J and chu C W 

[6] Bussmann-Holder A, Migliori A, F& Z Sam0 3 L, Leisue R G and C%heong S W 1991 phvs 

pl McMullen 1: Jcna P, Khanna S N, Ii Y and Jenscn K 0 1991 phys. Rm B 43 10422 
[81 Mackenzie I K 1983 hiwon  Solid Stau Phpim ed W Brandt and A hparquier (Amsterdam: 

1991 phvs RN B 43 13019 

RN Lac 61 512 

North-Holland) p 200 


