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A b s t r a c t  

Hall effect and resistivity studies have been performed on Bi~.6Pbo.4Sr2CazCua_~Fe~Oy 
superconductor samples (x f 0 - 0 . 3 )  from liquid nitrogen to room temperature. The 
transition temperature, resistivity and carrier concentration of the doped superconductors 
are observed to decrease systematically with doping concentration. The Hall number of 
a unit cell is observed to reach nearly unity at higher concentrations of iron. Similarly 
to the undoped sample, the Hall coefficient RH of doped samples varied linearly with 
temperature until a particular doping concentration (x= 0.07) and then showed a lesser 
temperature dependence. Different possibilities such as skew scattering, the presence of 
multiple bands and coupling between Cu-O planes are discussed in order to understand 
the temperature variation of RH. The Hall mobility of the carriers is understood as being 
due to electron-phonon and electron-electron scattering, except for the highest con- 
centration of iron (x=0 .3 )  when an additional scattering mechanism is expected. The 
results are explained in terms of defects arising from the substitution of copper by iron. 

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

Since the discovery of  high Tc superconductors by Bednorz and Muller 
[1], several unusual electronic properties have been observed in both single- 
crystal and polycrystalline copper-based oxides [2-4] .  One of these properties, 
the Hall effect, has proved the existence of correlations between parameters 
such as the Hall coefficient, the zero-resistance temperature (T¢) and the 
concentration of  oxygen or cations [2, 5]. It was thus shown that the carrier 
density n = 1/eRH, where RH is the Hall coefficient, is strongly related to the 
superconducting transition temperature T¢ in La2_ ~SrxCuO4 [ 61 and YBa2CusO~ 
[2, 5 ]. With increasing n, T¢ increases, reaches a maximum and then decreases 
as n increases further. In addition, 1/eRH decreases linearly with temperature 
as does the resistivity for T>  To. Recently, a relation between n and T¢ was 
also shown to exist  in BizSr2CaCuzOy (2:2:1:2) and Bi2SrzCaeCusOu (2:2:2:3) 
systems doped with different single-element substitutions [2, 7, 8]. Resistivity 
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measurements on a single crystal of YBa2Cu3OT_~ showed that the in-plane 
resistivity (parallel to the Cu-O plane) is nearly linearly temperature dependent 
from T¢ up to room temperature [9]. Carrier-phonon and carrier-carrier 
scattering mechanisms have been assumed to explain this behaviour broadly. 
However, the effect of double dopants on resistivity, Hall number and Hall 
mobility have not been studied. 

Lead doping in bismuth oxide and iron doping in YBa2CuaOT_~ are 
independently known to increase and decrease the transition temperatures 
respectively [10, 11]. Double dopants in bismuth oxide are interesting to 
verify the relation between Tc and carrier concentration and the mobility 
dependence on temperature. In this work Hall effect and resistivity studies 
are performed on samples of Bi2Sr2Ca2Cu3Ou superconductors doped with 
a fixed amount of lead and different amounts of iron in order to observe 
the changes in carrier density due to double dopants (lead and iron), to 
examine the T¢-n relation and to determine the temperature dependence of 
mobility. It is observed that both the transition temperature and carrier 
density decrease with increasing iron concentration and that the transition 
temperature decreases with decreasing carrier concentration. The temperature 
dependence of mobility is attributed to processes of electron-phonon and 
electron-electron scattering. Evidence of an unknown scattering process is 
also observed affecting the mobility of carriers in highly doped samples. 

2. Experimental  details 

Samples of Bi,.6Pbo.4Sr2CaeCus_xFexO~ ( x = 0 ,  0.04, 0.07, 0.1, 0.2 and 
0.3) are prepared by high temperature solid state reaction. Appropriate 
amounts of Bi2Oa, PbO, CaCOa, SrCOa, CuO and Fe203 powders taken in 
their molar ratios are thoroughly mixed and ground in a mortar. The mixed 
powder is prefired in air at 820 °C for 48 h followed by an intermediate 
grinding. Then it is reground and pressed into pellets 15 mm in diameter 
and 2-3  mm thick by applying a load of 5 tf. The pellets are sintered at 
850--750 °C and then slowly cooled to room temperature. A Philips X-ray 
diffractometer (PW 1700) with Cu Ka (h=  1.5418 /~) radiation is used to 
record the powder diffraction patterns of the samples. No extra peak cor- 
responding to PbO or Fe203 is detected. 

The d.c. Hall coefficient and d.c. resistivity are measured using the five- 
probe technique. Samples of uniform thickness are cut into a rectangular 
bar geometry and the electrical contacts are made with high purity silver 
paste. All measurements are taken from the onset of the transition temperature 
to room temperature by mounting the sample in a double-walled vacuum 
cryostat. The d.c. voltage drop and direct current are measured using a 
Keithley 196 DMM, while the current is maintained at 0.5 mA using a constant- 
current source. The temperature is measured to an accuracy of 0.5 °C using 
a flat strip germanium thermometer in zero magnetic field and a cop- 
per--constantan thermocouple in the presence of a magnetic field. The Hall 
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c o e f f i c i e n t  is  m e a s u r e d  u n d e r  a m a g n e t i c  f ie ld  H o f  8 k G  a n d  is c o n s i d e r e d  
t o  b e  w i th in  t h e  l o w  f ie ld  Hal l  r e g i m e  w h e r e  e l e c t r o n  s c a t t e r i n g  p l a y s  a 

d o m i n a n t  ro le .  

3 .  R e s u l t s  

F i g u r e  1 s h o w s  t h e  t e m p e r a t u r e  v a r i a t i o n  o f  r e s i s t i v i t y  fo r  

Bil .6Pb0.4Sr2Ca2Cu3_xFe~Oy s a m p l e s  w i t h  x = 0 ,  0 . 0 4 ,  0 . 0 7 ,  0 .1 ,  0 .2  a n d  0 .3 .  
T h e  c u r v e s  s h o w  a l m o s t  a l i n e a r  d e c r e a s e  in r e s i s t i v i t y  d o w n  t o  120  K, i.e. 
m e t a l l i c  b e h a v i o u r ,  a n d  z e r o  r e s i s t i v i t y  a t  d i f f e r e n t  t e m p e r a t u r e s .  T h e  s a m p l e s  
w i th  x =O. 1  a n d  0 .2  s h o w  a s m a l l  t a i l  b e f o r e  a t t a i n i n g  t h e  z e r o - r e s i s t a n c e  
t e m p e r a t u r e .  O w i n g  to  e x p e r i m e n t a l  l i m i t a t i o n s ,  t h e  s a m e  c o u l d  n o t  b e  o b s e r v e d  
f o r  t h e  s a m p l e  w i th  x = 0 . 3 .  H o w e v e r ,  i t s  t r a n s i t i o n  t e m p e r a t u r e  c a n  b e  
e s t i m a t e d  b y  e x t e n d i n g  t h e  r e s i s t i v i t y  p lo t .  T h e  t r a n s i t i o n  t e m p e r a t u r e s  o f  
t h e  d i f f e r en t  s a m p l e s  a r e  g i v e n  in T a b l e  1. I t  is  a l so  s e e n  f r o m  Fig .  1 t h a t  
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Fig. 1. Temperature dependence of resistivity for Bi~.6Pb0.4Sr2Ca2Cua_xFe~O~ superconductors 
with x = 0.0-0.3. 

TABLE 1 

Transition temperature (TD, charge carrier concentration at 300 K (PH) and constants A and 
B for Bil.~Pb0.4Sr2CaeCu3_xFexO u superconductors 

x Tc (K) PH ( 1021 cm-3) A (10 -a K -1) B (10 -7 K -2) 

0.00 108 12.0 1.7 69.0 
0.04 105 9.2 1.5 32.2 
0.07 99 6.1 9.4 8.6 
0.10 88 4.4 5.2 6.3 
0.20 82 3.3 3.3 4.3 
0.30 71 2.3 9.1 5.1 
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the absolute value of the resistivity and T¢ decrease systematically with 
increasing x, i.e. the iron concentration, generally in agreement with earlier 
work on sintered polycrystals of YBa2CuaO u doped with iron [11 ]. The small 
indication of the presence of a low temperature phase observed in the form 
of a resistivity tail in the samples with x =  0.1 and 0.2 was also evidenced 
in their X-ray diffractograms. However, their transition temperatures are 
higher than 80 K. In addition, dominant X-ray diffraction peaks corresponding 
to the low temperature phase are seen in the sample with x = 0.3. The low 
Tc (80 K) 2:2:1:2 phase of the sample with x = 0 . 3  is characterized by 
a = b = 5.4/~ and c = 30.8/k, while the high T¢ (105 K) 2:2:2:3 phase observed 
in the undoped sample and the sample with x = 0.04 has a c parameter of 
37.1 /~. Further, in no sample is an extra peak of lead or iron detected. 
Within the limits of doping concentration the unit cell parameters of the 
2:2:1:2 and 2:2:2:3 structures have not shown a significant variation with 
the substituted lead and iron. 

Figure 2 shows the temperature dependence of the Hall number, defined 
as the charge carrier concentration per unit cell (PHV=V/Rne, measured 
from the Hall effect, where V is the volume of the unit cell), for BiL6Pb0.4Sr2- 
Cua_xFexO u samples with x--O, 0.04, 0.07, 0.1, 0.2 and 0.3. The observed 
positive Hall voltage has evidenced the presence of positive charge carriers 
in all samples. The samples with x = 0, 0.04 and 0.07 show a distinctive 
linear T dependence of pHV extending up to 300 K, whereas the samples 
with x=0.1 ,  0.2 and 0.3 show a deviation from linearity. The trend in Fig. 
2 also suggests that as x increases, the average slope of d(pnV)/dT decreases, 
so that at the highest iron-doping level (x= 0.3) pHV is weakly temperature 
dependent. Over the same range of x the observed values of T¢ of different 
samples decrease quite sharply from 108 to 71 K (Fig. 3). In Fig. 3 the 
variation in Hall number with composition is also plotted at temperatures 
of 120, 140, 200 and 300 K. This figure shows that as x increases from 
zero, the Hall number decreases rapidly and linearly at all temperatures until 
x = 0.1 and then saturates to a value close to one hole per unit cell. A similar 
result was also observed in Y-Ba-Cu-O doped individually with cobalt and 
nickel [3 ]. The anomalous temperature variation of the Hall number is nothing 
but the reflection of the observed anomalous inverse temperature behaviour 
of RH. Such an anomaly was also observed in undoped and iron-doped 
Y-Ba-Cu--O [11-14] and in T12Ca2Ba2CuaOx [15], but was inconclusive, 
because of the complexity. Added to this complexity, in double-doped bismuth 
oxides the variation in RH with iron concentration is linear at low temperatures 
and breaks into two linear parts corresponding to lower and higher con- 
centrations of iron at higher temperatures (Fig. 4). 

Since the samples under consideration are all metallic (above To), it is 
quite unlikely that the carrier density decreases with decreasing T. Therefore 
it should be taken into account that the T dependence of  R~ reflects effects 
other than carrier localization. In metals with magnetic impurities RH usually 
shows significant temperature and magnetic field dependence, known as skew 
scattering [16]. In the present system there is a possibility that  Cu e+ and 
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Fig. 2. Temperature variat ion of Ha t  number (defined as V/Rne, where V is the unit cell 
volume) for Bil.~Pb0.4Sr2Ca2Cu3_~.Fe~Oy with x = 0 . 0 - 0 . 3 .  

a few Fe 3+ ions may behave as localized magnetic moments and at first 
sight it is natural to associate the observed temperature dependence of R H 

with skew scattering. Thus we measured the magnetic field dependence of 
the Hall resistance R ~  (the Hall voltage divided by the injecting current) of 
all samples up to 15 kG at different temperatures. The results for the sample 
with x = 0.1 are shown in Fig. 5. The Hall resistance R ~  shows a good linear 
H dependence at temperatures above Tc and no sign of non-linearity is 
observed. This indicates that there is probably no effect from scattering at 
least for carriers within the Cu-O and iron-substituted Cu-O planes. 

These results do not necessarily mean that there is no local magnetic 
moment  in the Bil.~Pbo.4Sr2Ca2Cua_xFexO~ polycrystalline samples. Because 
skew scattering arises through spin-orbit  interaction between conduction 
carriers and localized moments, the present results might imply that  the 
spin-orbit  interaction is very weak in this system. 

Figure 6 shows the temperature variation of the Hall mobility IZH of the 
positive carriers in Bil 6Pbo.4Sr2Ca2Cu3_xFe~Ou superconductors. From this 
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Fig. 4. Variation in Hall coeificient with concent ra t ion  of  i ron in Bil.6Pb0.4Sr2Ca2Cua_xFexO ~. 
R .  is linear with x at  140 K and s h o w s  two linear par ts  at 200 and 300 K. 
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figure/~n is observed to increase with decreasing temperature in all samples, 
indicating the presence of dominant scattering by phonons. This behaviour 
is in contrast to ~n(T) observed for BaPbl _xBi~O~, where doping with bismuth 
occurs into oxygen octahedral sites and the impurity scattering increases 
with x at all temperatures. This is due to the apparent decrease in Pn (or 
increase in RH) as shown in Fig. 2. 
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Fig. 6. T e m p e r a t u r e  var ia t ion  o f  mobi l i ty  for  Bil.~Pb0.4Sr2Ca2Cus_~'exO ~ wi th  (a) x =  0.0, (b) 
x = 0 . 0 4 ,  (c) x = 0 . 0 7 ,  (d)  x = 0 . 1 ,  (e)  x = 0 . 2  a n d  (f) x = 0 . 3 .  

4.  D i s c u s s i o n  

The primary interest of the present  study is to determine the electronic 
structure of the B i - S r - C a - C u - O  system (2:2:2:3) doped with the two elements 
lead and iron. It is observed by Zhang et  al .  [10] that  the number of charge 
carriers decreases quickly at smaller and slowly at larger values of  x in the 
lead-doped B i - S r - C a - C u - O  system. Priftis et  al.  [ 11 ] have studied the effect 
of  iron doping in the Y-Ba -Cu-O  system and observed that the transition 



56 

temperature  rises as the positive carrier concentrat ion increases, which 
according to them is due to the rise in stability of bi-polarons. Iron is known 
in this system as a decreasing agent for hole density. Lead doping in the 
B i - S r - C a - C u - O  system increases the number of carriers (holes) while iron 
doping possibly decreases the carrier density by substituting Cu 2+ by Fe 3÷. 
Therefore  it is interesting to investigate the t ransport  propert ies  of the 
B i - S r - C a - C u - O  system doped with both lead and iron. In this work a fixed 
amount  of  lead (0.4) and different amounts of  iron ( x =  0-0 .3 )  doping are 
done in this system and their effects on the t ransport  propert ies  are investigated. 

Generally speaking, the Hall effect reflects the dynamics of electronic 
transport .  In the low field regime the Hall effect is explained by collision- 
dominated t ransport  or, in other words, electron scattering. In our experiments 
an applied magnetic field B =  10 kG corresponds to B =  10 -5 V s cm -2 and 
pB << 1 is fulfilled. Even at B = 15 kG the inequality p.B << 1 holds good and 
therefore the results in Fig. 5 are in the low field regime. As mentioned 
before, the B i - P b - S r - C a - C u - F e - O  system becomes more metallic with 
increasing x.  It is not likely then that the decrease in R n is caused by carrier 
localization, at least in the superconducting composit ion region. Therefore 
the temperature  dependence of RH seems to reflect the electronic scattering 
processes.  From this point of consideration one should first pay attention 
to skew scattering by the  local magnetic moments  which interact with the 
conduction carriers through spin-orbi t  coupling. In order  to put  forth this 
idea, it is necessary that the susceptibility x(T) associated with the local 
magnetic moment  has the same T dependence.  However, in the B i - S r - C a - C u - O  
system there are few reports  about the increase in x(T) as T falls. This does 
not necessarily rule out the existence of local magnetic moments,  because 
the amount  of local magnetic moment  should be very small owing to the 
prevailing staggered spin fluctuation in this system. However, the results in 
Fig. 5 indicate that the interaction between conduction carriers and the local 
magnetic moment,  if any, has a very slight effect on the scattering appearing 
in the Hall effect. 

The temperature  dependence of RH could also be due to the multiple 
bands in the system. Therefore we shall now look for such possibilities. For 
a multiband system RH can generally be written as [17] 

Ru = ~,Rm (1) 

where Rm = 1/eni and cri =nip.i are the Hall coefficient and conductivity of  
the ith band respectively and ni and ~ are the carrier density and mobility 
of the ith band respectively. For a single band RH = 1/en, which is independent  
of temperature.  For simplicity here we discuss a double-band system: 

nl  ÷ n2b 2 
R H -  (nl +n2b) 2 (2) 

where b----pL2/~l. For a metallic system nl and n2 are independent  of tem- 
perature.  The temperature  dependence of  RH comes totally from b. 



57 

We shall now apply  this equa t ion  to the B i - P b - S r - C a - C u - F e - O  system. 
By differentiat ing eqn.  (2) with r e spec t  to  t empera tu re ,  we get  

dRH 2nln2(b-- 1) db 
- -  ( 3 )  

dT (nl + n e b )  3 dT  

The condi t ion for the r ight-hand side of  the equat ion  to be very  small is 
e i ther  (a) b = 1 or  ill = t~2 in the whole t empera tu re  range,  which means  that  
the two bands  are near ly  the same,  or  (b) b >> 1 or P-i << t~2, i.e. band 1 is 
s t rongly localized in the whole t e m p e r a t u r e  range.  Condit ion (b) demands  
a near ly  single band  whereas  condi t ion (a) demands  that  the two bands  have 
little difference.  

F r om the 2:2:1:2 phase  s t ruc ture  of  B i - S r - C a - C u - O  we can clearly see 
that  it has  two of  each  of  the C u - O  and Bi -O planes  in the unit  cell. It is 
natural  to  ask whe the r  the Bi -O planes  make  any cont r ibut ion  to  the t r anspor t  
and supe rconduc t ing  proper t ies .  Because  RH in samples  with x > 0 . 0 7  is 
weakly de pe nde n t  on t empera tu re ,  e i ther  condi t ion (a) or  (b) needs  to be 
satisfied. If the two bands  come  f rom e i ther  C u - O  or Bi -O planes,  condi t ion  
(a) can easily be  satisfied. However ,  if one  band  co m es  f rom the C u - O  plane 
and the o the r  f rom the  Bi -O plane,  it is ve ry  unlikely that  condi t ion (a) will 
be satisfied because  of  the  difference in va lences  of  b ismuth  and copper .  
The re fo re  condi t ion  (b) mus t  be satisfied, i.e. the Bi -O plane is s t rongly 
localized. For  simplici ty we will now cons ide r  the cont r ibut ion  of  the C u - O  
plane in the following discussion.  

The t empera tu re  d e p e n d e n c e  of  Rn could  be unde r s tood  by coupl ing 
be tween  Cu-O planes.  In the non-coupl ing  case  all 2D C u - O  planes  fo rm 
the i r  own energy  band  and these  bands  will be degenera te .  Coupling will 
cause  a loss of  degeneracy .  Weak  coupl ing  causes  weak  split t ing of  the  
bands;  this is what  happens  in B i - S r - C a - C u - O .  In general  we can say that  
the magni tude  of  ARH/AT reflects the  s t rength  of  the coupling.  F ro m  Fig. 
7 it can be inferred that  ARn/AT for  the  B i - P b - S r - C a - C u - F e - O  sys tem 
increases  up  to  x = 0 . 0 7  and then  remains  near ly  constant ,  indicating that  
the  coupl ing be tween  Cu-O  p lanes  is increased  by the subst i tut ion of  iron 
in place of  copper .  This is also ev idenced  by the decrease  in t ransi t ion 
t empera tu re  with doping concent ra t ion .  Also, iron doping r educes  the hole  
concent ra t ion .  This can  be unde r s tood  as follows. 

There- is  sufficient ev idence  f rom X-ray, neut ron ,  MSssbauer  and EXAFS 
data  tha t  i ron a toms  (for  small x )  are  loca ted  at  Cu l  sites; then,  as  Fe 3+ 
subst i tu tes  for  Cu e +, an e lec t ron  c o m p e n s a t e s  a hole,  resul t ing in a dec rease  
in hole  density.  However ,  T¢ does  no t  dec rease  as m u ch  as ex p ec t ed  in 
samples  doped  only with iron. This is because  of  the  p r e sen ce  of  lead a toms,  
which keep  the  concen t ra t ion  of  car r ie rs  h igher  and thus  also the t ransi t ion 
tempera ture .  

Another  possible cause  for  the  significant t e m p e r a t u r e  d e p e n d e n c e  of  
Rn may  be the  coex i s t ence  of  two types  of  carr iers  whose  mobil i ty exhibi ts  
s t rong T dependence .  In this case  RH is exp re s sed  as 
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Fig. 7. Varia t ion  of ARH/AT with  x .  ARH/AT i s  s e e n  to  i n c r e a s e  up  to  x =  0 .07  and t h e n  remain 
near ly  cons tan t .  

RH = e(nv/~ p + nnlzn) 2 (4) 

As Davidson et al. [18] suggested, RH can be T dependent if np, n ,  and the 
mobilities have a T dependence of the form 

1 
- ( 5 )  

In the case of the Y-Ba-Cu-O system, where the chemical potential is 
considered to lie close to the midband [19], the above argument holds and 
characteristics such as RHa 1/T can be expected. In the case of the 
B i -Pb-Sr -Ca-Cu-Fe -O system the chemical potential may lie near the 
midband for x~< 0.07 and may deviate thereafter. Therefore the cancellation 
of n :  and n o is not adequate for x > 0.07, resulting in a moderate temperature 
dependence. Lu et al. [4], while studying the single-crystal Bi -Sr -Ca-Cu-O 
system, concluded that (i) the Bi-O layer makes little contribution to the 
conduction and (ii) the temperature dependence Of RH is the result of coupling 
between Cu-O planes. Hence in the present system the coupling between 
Cu-O planes may increase with iron doping for x > 0 . 0 7 ,  resulting in a 
moderate temperature dependence of RH. This is also evidenced by the 
decrease in T¢ with increasing iron doping (Table 1). 

The unique solution satisfying both the experimental anomalies RH (x = 
1/T and po:T  is that n c c T  and 1 /r=AT+BT*' ,  with A and B related to the 
constant term p and the slope dp/dT respectively. Such an expression for 
1/T can be obtained by assuming that  1/~'=l/7~_ph+l/%_~, where the 
electron-phonon scattering rate 1/%-ph has been shown [20, 21] to be nearly 
linearly T dependent from T¢ up to room temperature and the carrier-carrier 
scattering rate 1/%_~ is well known to be proportional to T 2 at low temperatures" 
[22 ]. Thus the relation 1/~ = A T + B T  2 seems to be a reasonable approximation, 
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a l though  the  coeff icient  B is e x p e c t e d  to  be  smal l  [22]. A verif icat ion of  this  
re la t ion  is done  by  fitting the  e x p e r i m e n t a l  mobi l i ty  da ta  wi th  the  equa t ion  
1 / , r = A T + B T  e and the  cons t an t s  A and B are de te rmined .  A good  fit b e tween  
the  expe r imen ta l  da ta  and  the  equa t ion  is ob ta ined ,  e x c e p t  for  the  da ta  
c o r r e s p o n d i n g  to  the  s a m p l e  with x =  0.3. A typica l  fit c o r r e s p o n d i n g  to the  
s amp le  with x = 0.1 is shown  in Fig. 8. The  va lues  of  A and B thus  ob ta ined  
for  different  s amp l e s  are  g iven in Table  1. 

It  is seen  f rom Table  1 tha t  the  va lue  of  B d e c r e a s e s  with increas ing  
x until  x = 0.2 and  then  increases .  Also, for  x =  0.3 the  expe r imen ta l  va lues  
of  /xH on the  low t e m p e r a t u r e  side a re  s e e n  to  be  smal le r  than  the  bes t  
poss ib le  theore t ica l  va lues  b a s e d  on  e - p h  and  e - e  sca t t e r ing  (Fig. 8). This  
c lear ly  impl ies  tha t  the re  is an  addi t ional  sca t t e r ing  m e c h a n i s m  which occu r s  
m o s t  p robab ly  due  to the  de fec t s  tha t  ar ise  f r o m  the i ron-subs t i tu ted  C u - O  
d i a m o n d  p lanes  a f t e r  a dop ing  level o f  x =  0.2. Poss ib ly  the  d i f ferences  in 
size and  va l ence  of  the  iron and  c o p p e r  a t o m s  he lp  the  fo rma t ion  of  defects .  
However ,  this  needs  fu r the r  inves t igat ion on single crystals .  

5. C o n c l u s i o n s  

(1)  The res is t iv i ty  and  T¢ o f  Bil.6Pbo.4SrzCa2Cua_xO u s u p e r c o n d u c t o r s  
dec r ea se  sys temat ica l ly ,  indicat ing tha t  the  2:2:2:3 p h a s e  gradual ly  c h a n g e s  
to  2:2:1:2 wi th  inc reas ing  iron concen t ra t ion .  

(2) The  Hall  n u m b e r  o f  a uni t  cell a p p r o a c h e s  uni ty  at  h igher  concen t r a t i ons  
o f  i ron in BiL6Pbo.4Sr2CaeCua_xFexOy, bu t  the  va r ia t ion  in Hall coeff icient  
with i ron concen t r a t i on  is l inear  a t  lower  t e m p e r a t u r e s  and  doub ly  l inear  a t  
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higher  tempera tures .  This may  be due to the ionization of  defects  related 
to impurit ies at  h igher  tempera tures .  Similarly to the u n d o p e d  sample,  the 
Hall coefficient o f  doped  samples  decreases  linearly with increasing tem- 
pera ture  until x =  0.07 and then becomes  less t empera tu re  dependent .  

(3) Skew scat ter ing is negligibly small in lead- and i ron-doped 
B i - S r - C a - C u - O  superconduc to r s .  

(4) Since the B i -O  plane is s t rongly localized, the possibil i ty of  multiple 
bands  (due to C u - O  and Bi -O planes)  causing the t empera tu re  dependence  
of  R H is ruled out. The coupl ing  be tween C u - O  planes  increases  with the 
subst i tut ion of  iron in place of  copper .  Further,  this effect is mild for  x ~< 0 .07 
and thereaf ter  modera te ly  effective. 

(5) The Hall mobil i ty of  the positive carriers of  all samples  increases  
with decreas ing  tempera ture ,  indicating dominant  sca t ter ing by phonons .  

(6) The exper imental  values of  PH are smaller  on  the lower  t empera tu re  
side than the best  possible theoret ical  values  based  on e - p h  and e - e  scattering.  
An addit ional scat ter ing mechan i sm due to the defects  that  arise f rom the 
i ron-subst i tuted C u - O  d iamond  planes  is inferred f rom the t empera tu re  
variat ion of  the mobili ty in the sample  with x =  0.3. 
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