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ABSTRACT 

In this article, we have given a review of thallium based (TlmBa2Can-1CunO2n+2) and copper based (CuBa2Can-1 CunO2n+4) 
high temperature superconductors. This review article is based on the methods of preparation in the form of bulk and 
thin films and their physical properties. We have also studied the sources of anisotropy and methods of lowering it via 
changing the composition of charge reservoir layer and developing a better inter-plane coupling. 
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1. Introduction 

One of the general features of high temperature super-
conductors is the anisotropy parameter [=c/ab=ab/c] 
which comes from their layered structure. The techno-
logical critical temperature and irreversibility field which 
play very important role in the use of high Tc supercon-
ductors in various applications are strongly related to the 
anisotropy parameter as Z==Tc/ and Hirr=Hc2/ respec-
tively The understanding of the sources of anisotropy in 
these layered cuprates is essential to accomplish the dir- 
ely needed isotropic superconductor; i.e. like BCS su-
perconductor. Therefore, it is very important to search for 
a superconducting material which has higher critical 
temperature, Tc, critical current density and as well as 
lower anisotropy. The thallium based superconductors 
TlmBa2Can-1CunO2n+2 (m=1, 2; n=1, 2, 3, 4, 5) are superior 
over other cuprates due to their higher Tc, Jc, Hirr and low 
microwave surface resistances. The maximum critical 
temperature achieved in both the families of thallium 
based superconductors is 123K and 127K and current 
densities are of the order of 106 A/cm2. Another family of 
oxides which has comparable superconducting character-
istics as thallium based compounds but with lower ani-
sotropy is CumBa2Can-1CunO2n+2 (m=1 n=1, 2, 3, 4, 5). 
The major disadvantage associated with these supercon-
ductors is their preparation under very high pressures i.e. 
4GPa, which makes their large scale production difficult. 
However, the superconducting properties of TlmBa2Can-1 

CunO2n+2 and CumBa2Can-1CunO2n+2 are combined in a 
new superconductor family which is represented as 
(Cu1-xTlx)Ba2Can-1CunO2n+2. These superconductors are 

prepared at normal pressure by substituting thallium at 
copper site in CumBa2Can-1CunO2n+2 superconductors. 
These superconductors have anisotropy parameter 
(=3-11) in between that of Cu and Tl based supercon-
ductors. In this article we have first reviewed the meth-
ods of preparation and physical properties of thallium 
based superconductors and then the copper based su-
perconductor. We have also shown that the Tl-1223 as 
well Cu-1223 superconductors is more promising mem-
bers of their families. At the end the end of the article the 
superconducting properties of (Cu1-xTlx) Ba2Ca2Cu3O10- 
are given. 

2. Thallium Based Superconductors 

The thallium based Tl-Ba-Ca-Cu-O (TBCCO) supercon-
ductor was discovered in 1988 by Sheng and Hermann 
[1,2–6] which is proven to be the best among all other 
cuprates due to their higher transition temperature, 
[Tc(0)], transport critical current densities, [Jc] and low 
microwave surface resistances, [Rs]. Since the discovery 
of superconductivity in this system, several new phases 
of TlmBa2Can-1CunO2n+2 (m=1, 2; n=1, 2, 3, 4, 5) have 
been synthesized [7,8–10]. In the two-layer thallium 
compounds, the Tl2Ba2Cu1O6, Tl2Ba2Ca1Cu2O8, Tl2Ba2 

Ca2Cu3O10, Tl2Ba2Ca3Cu4O10, and Tl2Ba2Ca4Cu5O8 are 
major phases, which can be simply represented as, Tl-2201, 
Tl-2212, Tl-2223, Tl-2224 and Tl-2245 with critical 
temperatures of 95, 118, 127, 112 and 105K respectively. 
The maximum critical temperature of ~127K is found in 
Tl-2223 superconductor [11,12]. On the other hand the 
monolayer Tl-based system includes TlBa2Ca1Cu2O7, 
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Tl1Ba2Ca2Cu3O9, TlBa2Ca3Cu4O11, and Tl Ba2Ca4Cu5O13 
superconductor phases, which for brevity can be repre-
sented as Tl-1212, Tl-1223, Tl-1234 and Tl-1245 with 
critical temperatures 103, 123, 112 and 107K respectively. 
The materials with double Tl-O layers have body cen-
tered tetragonal structure and single Tl-O layer com-
pounds have primitive tetragonal structure. The crystal 
structures of Tl-2223 and Tl-1223 superconductors are 
shown in Figure 1. A brief review of thallium-based su-
perconductors will be given in the following sections. 

2.1 Tl2Ba2Can-1CunO2n+2 Superconductors 

The thallium-based compounds with double Tl-O layer in 
the unit cell are the best among other cuprates of LBCO, 
YBCO and BSCCO series due to their higher critical 
temperature and low microwave surface resistance. These 
materials exhibit tetragonal symmetry with I4/mmm 
space group. The structure of these compounds comprises 
copper provskite-like blocks with n (n=1, 2, 3…) CuO2 
planes separated by two Tl-O layers. Each CaO layer is 
sandwiched between two CuO2 planes and BaO layer 
between the CuO2 plane and TlO layers. These com-
pounds can be represented by a formula Tl-22 (n1)n, 
where n represents the number of CuO2 planes. The oxy-
gen coordination number of Tl, Cu, Ca and Ba in these 
compounds is 6, 4/5, 8, and 9 respectively. The c-axis 
lengths in these materials ranges from 23.248Å for n=1 to 
42.07Å for n=4 [13,14]. The critical temperature 
 

 

Figure 1. The crystal structures of Tl-2223 and Tl-1223 su-
perconductor 

increases up to 127K with number of CuO2 planes n from 
1 to 3 and then decreases for higher number of CuO2 
planes in the unit cell of bilayer TlO compounds. In Fig-
ure 2 is shown the dependence of Tc on number of CuO2 
planes for different superconductors. Since Tl-based 
superconductor materials have higher critical tempera-
ture, so much attention has been given to the synthesis 
of bulk and thin film samples of these compounds, 
which can be used for electronic devices [15–24]. 
Among the double TlO layer compounds, the Tl-2223 is 
the most promising due to its high critical temperature 
of 127K as compared to its counterparts in double Tl-O 
layer series [25,26]. Both the bulk and thin film samples 
of this material have been prepared [22]. The supercon-
ducting properties of Tl-22(n-1)n compounds can be 
changed by employing different synthesis routes and 
doping of different cations (i.e. Hg, Pb, Sr, Y, Pr, Co etc. ) 
in charge reservoir block and superconducting block 
[23,27–37]. Parkin et al. have been succeeded to prepare 
Tl2Ba2Ca2Cu3Ox superconductor with critical temperature, 
which varies from 118 to 127K depending upon the syn-
thesis conditions [8]. The substitution of Hg at thallium 
site has been seen to improve the staking regularity of the 
atomic layers in the 2223 phase and phase stability as 
compared to pure Tl-2223 phase [38–40]. The critical 

 

 

Figure 2. The dependence of critical temperature on num-
ber of CuO2 planes in different superconductors [64] 
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temperature, however, decreases in TlHg-2223 to 118K 
but in TlHg-2212 the Tc(0) has been raised to 5K higher 
than pure thallium based superconductor [23]. In Tl-2212 
superconductors the doping of tetravalent Pr at Ca site 
was found to suppress the superconductivity [31]. Two 
reasons are proposed for the suppression of superconduc-
tivity with Pr substitution. One is the breaking of cooper 
pairs due to their interaction with magnetic moment of 4f 
electrons of Pr ion and secondly, the localization of car-
riers caused by the overlap of 4f orbital with O2p-Cu3d 
orbital. On the other hand the Y at Ca site in Tl-2212 
superconductor has the same effect like that of Pr, sup-
pressing the critical temperature and localization of carri-
ers but in a different manner because Y does not have 4f 
electrons [41]. The decrease in the Tc(0) of Tl-2212 su-
perconductor with Pr concentration is shown in Figure 3. 
Similarly the doping of magnetic impurities at Cu site in 
CuO2 planes can also suppress the superconductivity due 
to scattering of superconducting carriers from these im-
purity atoms. In Tl-2212 the cobalt substitution at Cu site 
has shown decrease in the critical temperature with in-
creased Co concentrations [34]. The phase purity is nec-
essary for the use of superconducting compounds for 
device fabrications. The partial substitution of Ba by Sr 
in thallium-based superconductors can improve their 
phase stability. The doping of Sr at Ba in Tl-2223 super-
conductor resulted in a phase pure material, but with a 
lower Tc(0) as compared to Sr free compound [30]. The 
addition of Ag2O in the starting composition also stabi-
lizes Tl-2223 phase otherwise the chances of formation 
of Tl-2212 superconductor with two CuO2 layers are in-
creased [22]. In addition to the phase stability the addi-
tion of silver can improve the intergranular coupling, 
which enhances the transport properties such as critical 
current density and decreases the room temperature resis-
tivity [22,39,40]. The critical current density with Ag2O 
doped Tl-2223 samples is estimated to be three times 
the critical current of undoped material [22]. Figure 4 
shows the results of Tc(0) and R(300K) for different 

 

 

Figure 3. The lowering of critical temperature in Tl-2212 
superconductor with the increase of Pr concentration [31] 

 

Figure 4. Variation of critical temperature and room tem-
perature resistivity with Ag2O concentration in Tl-2223 
superconductor [22] 

 
Ag2O doping concentrations. The doping of Li in Tl- 
2223 starting composition results in a critical temperature 
of 117K and the normal state resistivity becomes inde-
pendent of the applied magnetic fields [29]. Since the 
maximum Tc(0) in a given compound also strongly de-
pends on the interlayer coupling so the external pressure 
can be used as a source to improve the superconducting 
properties intrinsically. The application of pressure con-
tracts the Cu-(apical) oxygen bond length which favors 
the transfer of carriers from the charge reservoir layer to 
CuO2 planes. D. Tristan et al. have studied the properties 
of Tl-2223 and Tl-2234 superconductors under different 
pressures and found that the critical temperature (~119K) 
of Tl-2223 sample prepared under ambient pressure is 
increased to 133K when 4.2GPa pressure was applied 
[25]. The change in the critical temperature of Tl-2223 
and Tl-2234 with applied pressure is shown in Figure 5. 
The reliable, high quality thin films are prerequisite for 
the use of thallium based high temperature superconduc-
tors for electrical, magnetic and optical applications. The 
methods of preparation of thin films include rf and dc 
sputtering, sequential electron beam and thermal evapo-
ration, and pulsed laser ablation. The highest critical cur-
rent density in double layer TlO compounds is attained in 
Tl-2223 thin films, which is of the order of 107 A/cm2 
(90K, 0T) [5]. On the other hand the critical current den-
sity of Tl-2212 superconductor is in the range of 105-106 
A/cm2 at 77K depending upon the deposition techniques 
used [42–46]. 

2.2 Tl1Ba2Can-1CunO2n+2 Superconductors 

The family of thallium based superconductors with single 
Tl-O layer is comprised of Tl-1212, Tl-1223 and Tl-1234 
compounds. These superconducting compounds are more 
promising because of their lower anisotropy, higher Tc(0), 
higher critical current densities and irreversibility field 
Hirr as compared to their counterparts in double Tl-O  
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Figure 5. Effect of pressure on critical temperature of Tl-2223 
and Tl-2234 superconductor [25] 

 

 

Figure 6. The Tc(0) versus doping concentration of Y in TlPb- 
1212 superconductor [56] 

 

Figure 7.The variation of critical temperature with applied 
pressure for different concentrations of Y in TlPb-1212 su-
perconductor [56] 

 
layer superconductors family [47–55]. The TlSr2CaCu2 
O7 (Tl-1212) is the parent compound in single Tl-O layer 
superconductors showing no signs of superconductivity 
down to liquid helium temperature because it grows in 
the over-doped state [56]. But the substitutions at Tl and 
Ca sites have been proven to bring about the supercon-
ductivity in this compound and enhance its phase stability 
[57–60]. When doped with Pb or Cr at the thallium site 
and Y at the Ca site the critical temperature has been en-
hanced to 110K in Tl-1212 [57,58,61]. But the Pr or Nd 
substitution at the Ca site lowers the Tc(0) of this material 
because the number of holes are reduced below the opti-
mum value; these elements promote the hole filling 
mechanism [61]. The application of pressure can also 
optimize the number of holes in CuO2 planes and in-
creases the critical temperature. In Figures 6 and 7, the 
dependence of critical temperature of TlPb-1212 super-
conductor (doped with Y) on the doping concentration 
and the applied pressure is shown. The Tl-1212 super-
conductor has lower anisotropy due to short insulating 
distance between CuO2 planes and exhibit higher critical 
current density [54]. The thin films prepared by this ma-
terial has Jc(77K, 0T) in the range of 106-107 A/cm2 
[54,62]. Although these materials can be used for appli-
cation due to their low anisotropy but these are not ideal 
due to their lower Tc(0) as compared to other members of 
this homologous series. It is observed in monolayer thal-
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lium based compounds that the critical temperature de-
pends on the number of CuO2 planes. As the number of 
CuO2 planes increases from n=3 to either n=4 or 5, the 
Tc(0) decreases because in n>3 phases there are in-
equivalent CuO2 planes in which holes are inhomogene-
ously distributed which results in a lowering of critical 
temperature, Figure 2 [63,64]. Among the Tl1Ba2Can-1Cun 

O2n+2 superconductors family the n=3 member is impor-
tant due to its higher critical temperature, excellent flux-
pinning properties, higher critical current and irreversi-
bility field Hirr [65–70]. The Tl-1223 was the first super-
conducting composition reported among the other mem-
bers of this family [71]. The single-phase samples of 
Tl-1223 are difficult to prepare. The researchers have 
adopted different synthesis routes to achieve a phase pure 
material. One way of improving the phase purity of Tl- 
1223 compound is the substitution of Pb and (or) Bi for 
Tl, and Sr for Ba in the starting composition [69,72–77]. 
The addition of Pb and the variation in the Ca/Sr ratio is 
not only helpful in stabilizing the Tl-1223 phase but also 
results in higher critical temperature (Tc>120K), high Jc, 
Hirr field and strong flux pinning properties at 77K 
[52,68,78–81,82]. The critical current density in Pb and 
Sr substituted sample is of the order of 103-105 A/cm2 
[55,70]. The complete replacement of Ba by Sr lowers 
the transition temperature of Tl-1223 superconductors 
[83]. In the preparation of Tl-1223 compounds it is found 
that a starting composition deficient in thallium produces 
the highest percentage of Tl-1223 phase [8]. The high 
vapor pressure of Tl2O3 at synthesis temperatures also 
hinders the formation of Tl-1223 superconductors [84,85]. 
This problem can be overcome by employing the two 
zone processing technique in which independent control 
of partial pressure of Tl2O3, oxygen gas, sample tem-
perature and composition could be varied [68,85,86]. The 
use of high-pressure synthesis technique is also helpful in 
achieving single phase of Tl-1223 superconductors with 
out any cationic substitutions [87,88]. In addition Tl-1223 
samples prepared under high pressure have shown in-
crease in the critical temperature, transport Jc, and high 
irreversibility field Hirr, Figure 8 [77,89]. The application 
of pressure improves the intergranular coupling and fa-
cilitates charge transport process, which results in higher 
Jc and Hirr. A factor, which can suppress the phase stabil-
ity and superconductivity in Tl-1223, is the presence of 
carbon in the starting composition [51,88,90]. The carbon 
may go to the Tl site in the unit cell and as a result de-
creases the number of holes in CuO2 planes and lowers 
the critical temperature [88], therefore, it is necessary to 
minimize the carbon content in the precursor powders. 
The carbon can also form non-superconductor phases in 
the form of carbonates of Ba and/or Ca. Figure 9 shows 
the lowering of the critical temperature of Tl-1223 su-
perconductor with enhanced concentration of carbon in 
the starting composition. The use of TlF instead of Tl2O3 

 

Figure 8. The shifting of irreversibility line of Tl-1223 su-
perconductor to higher temperatures with the increased 
pressure [89] 

 

 

Figure 9. The decrease in critical temperature of Tl-1223 
superconductor with increased carbon contents in starting 
composition [88] 
 
in the starting composition of Tl-1223 enhances the for-
mation of single phase Tl-1223 material with out any Pb 
or Srdoping and increases Jc(77K, 0T) and irreversibility 
field Hirr [90,91]. The thin films of Tl-1223 prepared by 
using TlF are found to have critical current density of 
4.4106 A/cm2 at 77K in zero field [84]. Since the ionic 
radius of fluorine [F-1(1.36Å)] is comparable to that of 
oxygen [O-2(1.4 Å)] so fluorine most probably occupies 
the oxygen lattice site in the unit cell [92]. The holes 
concentration in the CuO2 planes decreases when fluorine 
replaces oxygen in the Tl-1223 superconductor because 
of the more electronegative nature of F ion as compared 
to oxygen [93]. The carrier concentration approaches 
optimum level and Tc(0) is increased. In Tl(Pb)Ba(Sr)Ca 
CuOFx composition, the critical temperature has been 
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enhanced with fluorine contents up to x=1 and a pure 
Tl-1223 phase with highest Jc was achieved with x=3 
[85]. The samples of TBCCO (Tl-1223) superconductors 
with more than 95% purity can also be obtained by 
choosing the appropriate synthesis temperature and con-
trolling the reaction time with out any substitutions [94]. 
Although most of the substitutions in Tl-1223 supercon-
ductors were made to improve the phase stability of these 
compounds but these doping can also control the carrier 
concentration and in turn the superconducting properties 
of these compounds. The rare earth cations (La, Sm, Pr, 
Eu) substitutions at the Ca sites in Tl-1223 superconduc-
tors have been found to lower the critical temperature and 
the phase stability of this compound [95–99]. But when 
one of the rare earth elements Ce was doped at Sr site the 
critical temperature was increased from 92K to 98K with 
the increased concentration of cerium. The increase in 
Tc(0) was attributed to the improved coupling between 
the CuO2 planes due to the decreased c-axis length [100]. 
The critical temperature and the critical current density of 
Tl-1223 superconductor decreases with low level doping 
concentration of 3d transition metals Co, Zn, Fe and Ni at 
Cu site and superconductivity disappears for higher con-
centrations of these elements [101–104]. The presence of 
these ions in CuO2 planes acts as scattering centers, 
which resulted in the Cooper pair breaking, and destroys 
the superconducting state in Tl-1223 compounds. When 
the transition metal ions are substituted at the Tl site in 
the charge reservoir layer of Tl-1223 superconductor the 
critical temperature was decreased following the same 
mechanism mentioned earlier [105]. The thin films of 
thallium based superconductors are of interest for elec-
tronic devices due to their higher Tc(0) and low surface 
resistance Rs [106]. Among the thallium-based com-
pounds the thin films of single TlO layer materials 
(Tl-1223) are superior because of their higher Tc(0) and 
Jc [107]. Thin films of Tl-1223 superconductors have 
critical current density in the range of 105-106 A/cm2 at 
77K (both in field cooled and zero field cooled samples) 
depending upon the deposition technique adopted 
[47,66,84,107–109]. 

3. Why Tl-1223 Superconductor is Superior 

The Tl-based high Tc cuprates exhibit layered structure 
which consists of intergrowths along c-axis containing 
CuO2 planes and rock salt type layers containing Tl 
cations. The insulating Tl-O layers separate the CuO2 
blocks in the crystal. The CuO2 planes are found to be 
more favorable for superconductivity as compared to 
insulating charge reservoir block containing single or 
double Tl-O layers [110]. The superconducting properties 
like critical temperature, irreversibility field, critical cur-
rent density and flux pinning in thallium-based com-
pounds largely depend on the thickness of the insulating 

Tl-O layer and the strength of Josephson coupling be-
tween CuO2 planes [23,49,50,53,111–115]. The presence 
of the Tl-O layers between the CuO2 superconducting 
blocks yields anisotropy in the physical properties of 
these compounds. The anisotropy parameter is defined by 
γ=ξab/ξc, γ=ρc/ρab or is the ratio of the effective carrier 
mass in the superconducting state. The anisotropy in 
these superconductors results in a shorter coherence 
length of cooper pairs along c direction as compared to 
the spacing between the CuO2 layers which can reduce 
the critical current density and irreversibility field of 
these materials. The anisotropy parameter depends on the 
thickness of the insulating charge reservoir layer and the 
spacing between the individual CuO2 planes, the Tl- 
based compounds with double Tl-O layers in the struc-
ture have large anisotropy as compared to the compounds 
with single Tl-O layer (γ=17 for (TlBi)-1212 and γ=104 
for Tl-2212). The higher anisotropy degrades the super-
conducting properties in terms of lower technological 
critical temperature, Z=Tc/1/2, critical current density Jc 
and irreversibility field, Hirr. The Hirr is an important 
physical quantity that characterizes a superconductor for 
its use in magnetic fields. The irreversibility field largely 
depends on the inter layer coupling strength [110]. 

Hirr1/ρc×dc 

where dc is the repeat distance of the structure along c 
direction and ρc  exp (di/do) di is the thickness of the 
insulating layer and do is the characteristic thickness of 
the material. The exponential dependence of Hirr on di 
shows that superconducting materials with large insulat-
ing spacing exhibit low irreversibility filed than the ma-
terials with smaller insulating spacing [53,116,117]. The 
irreversibility field ‘Hirr’ of Tl-1223 superconductor fol-
lows the sequence; Hirr(Tl-1223)>Hirr(Tl-2223/Tl-2212)> 
Hirr(Bi-2212) [116,117]. Figure 10 shows the comparison 
of irreversibility line of Tl-1223 and Tl-2223 supercon-
ductors and in Figure 11 the dependence of Hirr on the 
thickness of the unit cell along c-axis for different 
Tl-based compounds is shown. A higher irreversibility 
line is observed for Tl-1223 due to its lower anisotropy.  
 

 
Figure 10. Comparison of irreversibility line of Tl-2223 and 
Tl-1223 superconductor [53] 
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Figure 11. The irreversibility field versus thickness of charge 
reservoir block [52] 

 

 

Figure 12. Dependence of critical current density of Tl-1223 
and Tl-2212 superconductors on applied magnetic field [47] 
 
The measured anisotropy parameter γ for Tl-1223 super-
conductors is 8 [53]. The interlayer coupling can also 
affect the critical current density of these superconductors. 
The Tl-1223 superconductors have been found to have 
higher Jc as compared to Tl-2212 and Tl-2223 com-
pounds [47,49,50]. The Tl-1223 superconductors are very 
useful in electronic devices fabrication because the criti-
cal currents in these compounds decreases slowly as 
compared to double Tl-O layer compounds in the pres-
ence of external magnetic fields [47,55]. In Figure 12, a 
comparison of the magnetic field dependence of Jc(77K) 
of Tl-1223 and Tl-2212 is shown. The increase in the 
number of insulating layers in superconductors results in 
reduced Josephson coupling between conducting CuO2 
planes along the c-axis, which decreases the critical cur-
rent density. The reduced interlayer coupling in double 
Tl-O layer compounds results in a shorter coherence 
length of cooper pairs along c-axis and hence the inferior 
superconducting properties. The small distance between 
Cu-O conducting planes may be the key to finding alter-

natives for attaining high critical current densities. There- 
fore, much attention is being given to Tl-1223 supercon-
ductors because they offer stronger interlayer coupling 
along c direction [48]. The coupling between CuO2 planes 
of Tl-1223 compound can further be improved by re-
placing Ba by Sr and Tl by Pb or by the application of the 
external pressure which will be helpful in enhancing its 
superconducting properties [25,76]. 

4. CuBa2Can-1CunO2n+4 Superconductors 

As the stronger coupling between CuO2 planes lowers the 
anisotropy in high temperature superconductors and in 
turn enhances their superconducting properties i.e. Tc(0), 
Jc and Hirr, any superconducting material having these 
properties will be very useful from application point of 
view. In the previous sections we have seen that the Tl- 
1223 superconductor has least anisotropy and higher Tc(0) 
among all members of single Tl-O layer compounds, but 
the toxicity of Tl hinders their use in wide verity of ap-
plications. Therefore, the search for a superconductor 
material with low anisotropy and higher critical tempera-
ture was not stopped. A new family of superconductor 
materials, CuBa2Can-1CunO2n+2(n=1,2,3…) [Cu-12(n-1)n] 
prepared under high pressure (4-6 GPa), is thought to be 
the most promising due to its higher critical temperature 
and critical current density [118–124]. The members of 
Cu-12(n-1)n family has the same tetragonal structure as 
Tl-12(n-1)n compounds have copper in their charge res-
ervoir layer, CuBa2O4n+δ. Since copper is good conductor, 
therefore, the conducting charge reservoir layer of these 
compounds makes them least anisotropic as oppose to 
Tl-based superconductors. The members of Cu-based 
superconductors follow the formula Cu-12(n-1)n with n 
denoting the number of conducting CuO2 planes; the 
higher number of CuO2 planes are thought to have higher 
Tc(0) since the optimum valency of copper for higher 
critical temperature is suggested to be z=2.33. The 
maximum increase of critical temperature is theoretically 
predicted for phase with n=11 [124]. The relationship 
between valence state z of copper and number of CuO2 
layers follows following empirical rule z=2+4/(n+1) Among 
all the superconducting phases in this family the highest 
critical temperature is achieved in a phase with n=3 phase, 
Cu-1223 (Tc(0)~120K); in four CuO2 plane Cu-based 
superconductor (Cu-1234) Tc(0) is around 18K. These two 
compounds have least anisotropy (γ=5 and 1.6 respectively) 
and long coherence length along c-axis [123–126]. The 
high-pressure synthesis of these compounds is not eco-
nomically viable but by introducing thallium (which acts 
as structure stabilizer and reaction rate accelerator) into 
the charge reservoir layer, the superconductor phases can 
easily be obtained by normal pressure synthesis. The 
substitution of Tl in Cu-12(n-1)n compounds results in 
emergence of a new subfamily Cu1-xTlx-12(n-1)n which 
is the close derivative of these compounds. These com-
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pounds are prepared under high as well as normal pres-
sure and have superconducting properties very close to 
Cu-based compounds [124,127–130]. The members of 
this family have semi insulating charge reservoir layer 
Cu1-xTlxBa2O4n-δ which slightly increases the anisotropy 
but their anisotropy remains lower than that of Tl-based 
compounds. A comparison of the anisotropy parameter 
and technological critical temperature for superconduc-
tors of different families is shown in Figure 13. The 
Cu1-xTlxBa2Ca2Cu3O10-δ (Cu1-xTlx-1223) superconductor 
of this family has higher critical temperature and critical 
current density [125]. This compound with anisotropy 
parameter (γ=5) has Cu1-xTlxBa2O4-δ charge reservoir 
layer and three CuO2 planes [131]. The c-axis length of 
Cu1-xTlx-1223 is 15.89Å, which, lies between 14.79Å and 
15.93Å of Cu-1223 and Tl-1223 superconductors [125]. 
The Cu1-xTlx-1223 superconductor has been prepared 
both in the form of thin films and bulk samples [114– 
133]. The thin films of this compound have critical cur-
rent density of the order of 107 A/cm2 (77K, 0T) and 
105 A/cm2 (77K, 10T) [132]. The superconducting 
properties of Cu1-xTlx-1223 can further be enhanced by 
post-annealing and substitution of different cations 
[125,128,134–138]. The Tc(0) of this material increases by 
self-doping mechanism when post-annealed in nitrogen 
atmosphere. The self-doping mechanism is completed by 
the reduction of Tl+3 to Tl+1 via Tl+2, Figure 14 [139–141]. 

Since the superconductivity is brought about by the 
carriers in conducting CuO2 planes, therefore, the inter-
planar coupling plays an important role in bringing about 
the improved superconducting properties. One approach 
to enhance the interplaner correlation is to reduce the 
spacing between CuO2 planes by replacing Ca with 
smaller sized ion. Magnesium (Mg) or Beryllium (Be) 
ions due to their smaller ionic radii as compared to Ca 
seems to be effective in bringing about such improved 
coupling possible The substitution of Mg or Be ion at Ca 
 

 

Figure 13. Comparison of anisotropy and technological 
critical temperature of different superconductors [126] 

 

Figure 14. The energy level diagram of Tl6s level in 
Cu1-xTlx-1223 superconductor before and after post-anneal- 
ing in nitrogen [141] 

 

 

Figure 15. IV characteristics of Cu0.5Tl0.5Ba2Ca2-yMgy Cu3O10- 
(y=0, 1.5) superconductor [142] 
 
sites results in a material with highly correlated CuO2 
planes. The Fermi wave vector [kF=(32N/V)1/3] depends 
on the volume of the unit cell therefore the decrease of 
the volume of unit cell with Mg/Be substitution increases 
kF. The coherence length along c-axis [c= ħ kF/m2 ] is 
also increased, which decreases the anisotropy of the fi-
nal compound [134–138]. The superconducting proper-
ties are improved (Tc(0) and Jc(H=0) increases) by sub-
stituting Mg or Be at Ca site in Cu1-xTlx-1223. Figure 15 
shows the increase of critical current of Cu1-xTlx-1223 
superconductor prepared at normal pressure by substitut-
ing Mg at Ca site; it has also enhanced the intergrain 
coupling witnessed from AC susceptibility measurements 
[142]. The variation of peak temperature TP with applied 
DC magnetic field in // part of AC susceptibility shows  
an enhanced inter-grain coupling, Figure 16. On the other 
hand when Nb with higher electronegativity as compared 
to Mg and Be is substituted in Cu1-xTlx-1223 supercon-
ductor at Ca site the Tc(0) first increases and then de-
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creases with the increase of Nb content. Similarly a de-
crease in magnitude of diamagnetism is observed with the 
increase of Nb concentration, Figure 17. The source of 
decrease in diamagnetism is the decreased density of carri-
ers in conducting CuO2 planes [143]. But when Pr is sub-
stituted at Ca sites the critical temperature decreases with 
the increased Pr contents. Since Pr has larger ionic radius 
oppose to Ca, it reduces the overlap of the cooper pair 
wave function in the two CuO2 planes and therefore, re-
duces the interplaner coupling and increases anisotropy 
which results in lowering of Tc(0) [138]. There is another 
member of Cu-12(n-1)n family which has carbon instead 
of Tl in the charge reservoir layer. The n=3 member of this 
family (Cu,C)-1223 has higher critical temperature and 
low anisotropy [144]. The critical temperature of this 
compound is 120K and lattice parameters a=3.862Å and 
c=14.80Å which are comparable to that of Cu-1223 su-
perconductors [144,145]. But (Cu,C)-1223 does not have 
 

 

Figure 16. The peak temperature ‘TP’ of // versus Hdc of 
Cu0.5Tl0.5Ba2Ca2-yMgyCu3O10-(y=0, 1.5) superconductor [142] 

 

 

Figure 17. AC-susceptibility as a function of temperature of 
Cu0.5Tl0.5Ba2Ca2-yNbyCu3O10-(y=0.25, 0.5, 0.75, 1.0) super-
conductor samples [143] 

the ability of significant Tc(0) enhancement by self dop-
ing [146] because it has carbon in the charge reservoir 
layer in contrast to Cu1-xTlx-1223 in which change of 
state of thallium promotes the optimum holes doping in 
CuO2 planes. 

5. Conclusions 

It is concluded from the above detailed review of 
Tl-12(n-1)n and Cu-12(n-1)n compounds that the super-
conductors of these two families have low anisotropy as 
compared to other cuprate families. These compounds 
due to their lower anisotropy have the ability to carry 
very high current densities of the order of 104-106 A/cm2 
in applied magnetic fields and have got potential in de-
vice fabrication. In both these families the higher critical 
temperature is achieved in a compound with n=3 member. 
The Cu-1223has lower anisotropy than that of Tl-1223 
but its preparation is possible only under high pressure 
(4GPa). The high pressure synthesis hinders the prepara-
tion of this compound for large scale applications. But the 
substitution of thallium at the copper site in the charge 
reservoir layer of Cu-1223 results in a new compound 
CuTl-1223, which has low anisotropy, higher critical tem-
perature and critical current density. The substitution of 
thallium makes it possible to prepare this compound at 
normal pressure. We have also seen that the anisotropy of 
these compounds can be lowered by increasing the cou-
pling between the CuO2 planes. The increased inter-plane 
coupling is achieved by substituting smaller sized elements 
at Ca site, such as Mg and Be. This review article would be 
useful in the understanding and synthesis of new super-
conductors with low anisotropy and would help to enhance 
their superconducting properties. 
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