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Abstract–The experimental resistivity of high-temperature superconducting (HTSC) cuprates at about cT  has been 

determined by many authors. For large devices the in-CuO2-plane resistivity has a range of 
6(~ 0.5 (exp) ~ 1.5) 10     Ω m. Above cT  all HTSC materials behave like a classical device and the resistance 

depends on cross section and length of the device. Assuming a superconducting unit volume and a mode structure, 

which are given by the doping pattern throughout the whole crystal, the experimental resistivity values have been 

plotted versus mode~ .RL N  A strong linear correlation in the form   3 mode 4 3(exp) Rm L N n n   can be seen with a 

slope of   3
3 13.39 0.79 10m     Ω. RL  is an effective resistivity length, modeN  is the number of CuO2 planes per unit 

cell, 3n  is the number of Cu3+-ions per chemical formula and 4n  is the number of different shifted stacking sequences 

per unit cell. The investigation has only been performed for a maximum of mode 4N   modes. The value for 3m  is very 

close to the fundamental resistance of a single-mode ballistic conductor 22 12,906smR h e   Ω, which appears when 

size quantization plays a dominant role.  

Keywords: superconducting unit volume, superconducting current channels, superconducting waveguide, resistivity of 
cuprates 

1. Introduction 

An important indication of superconductivity is given by the fact that at a particular physical 

temperature cT  the resistance of a superconducting material vanishes completely or gets extremely 

small. This phenomenon is known since its discovery by Heike Kamerlingh Onnes in 1911 and is 

one of the most interesting and sophisticated problems in condensed matter physics. Since about 

1985, high temperature superconductors (HTSC) offer additional experimental data up to 135 K 

which are much more convenient to achieve compared to conventional superconductors with much 

lower c.T  Many experts are still searching for an explanation for the unusual temperature 

dependences of the electric resistivity ρ: why does the resistivity for some materials disappear at a 

certain fixed temperature or what is so special of ρ at cT  from the standpoint of its normal 

conducting state? 

This paper is an attempt to find a relation between the experimental resistivity value at about 

cT  and the crystal structure of optimum doped HTSC materials. 
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2. Doping Structure in high-temperature superconductors 

For HTSCs doping is necessary to make the parent material superconducting and each HTSC 

material has an optimum doping level for maximum c.T  Recently the authors have found a 

correlation between the maximum critical transition temperature cT  and the doping distance x 

assuming a uniform doping distribution [1] leading to a relation 

  2 2/3 2
1 eff2 2 .cx n M kT h    (1) 

This demonstrates the important role of the crystal structure and the super lattice of the uniform 

doping structure. In cuprates the superconducting carriers have an effective mass eff 2 eM m  and 

the CuO2 planes act as the superconducting highway. As an example Fig. 1a shows the situation for 

Hg-1201 with c 95T   K and 1 1n   CuO2 plane per unit cell. It is suggested that superconducting 

current channels are formed by straight lines of equidistant doped unit cells separated in the CuO2 

plane by a distance x. Therefore, Hg-1201 is considered here as a bundle of parallel 

superconducting current channels with cross section SC SCA W H   throughout the whole crystal. 

The height is given by the separation of two CuO2 planes (H = c). Figure 1a also suggests defining a 

superconducting unit volume SC SC SC ,V A L   which results in 2
SCV cx  for Hg-1201 with 

SC SC .L W x   If the whole HTSC crystal is made up of these unit blocks this results in a doping 

density of SC1DN V  (m-3) and charge density of 2 ,e DN N  respectively because eff 2 .eM m  

3. Resistivity and single-mode conductors 

The resistance R of a “classical” and macroscopic device with length L and cross section A is 

given by  

 
1 L L

R
A A

  


 (2) 

with conductivity σ or resistivity ρ as an intrinsic property of the material. The conductivity is also 

used as the proportionality factor between current density J and the electric field E causing the 

current flow ( J E  ) with  

 
2

1 1 1
,e

e e

m

N e N e
   

  
 (3) 

where eN  is the carrier density,  the mean time between collisions and ee m   the mobility of 

the carriers.  

For an undoped/pure material, e.g. parent material of HTSCs, the resistivity of the material is 

given already by a single crystal unit cell. If the material is doped the resistivity changes. This is a 

very strong effect, because for HTSC materials the undoped/pure parent material is in many cases 
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an insulator and by doping it turns into a conducting material with a typical value of 6~ 10   Ω m. 

The smallest volume unit, which represents the resistivity of the doped material, is for HTSCs the 

superconducting unit volume SCV  for optimum doping (Fig. 1a). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Unit cell, cross section and superconducting unit volume of HTSC materials: a) single-mode Hg-1201 

with 1 CuO2 plane and b) arbitrarily chosen multimode structure with 3 CuO2 planes. 
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Above cT  all HTSC materials behave like a classical device. Therefore, in view of Fig. 1a and 

equations (1, 2) different HTSC materials will be analysed by plotting the experimental resistivity 

value ρ(exp) at ~ cT  versus the geometry parameter SC SCA L  of the superconducting unit volume. 

According to equation (2) the proportionality factor has the dimension [Ω] and therefore is a 

function of resistance )(Rf  leading to 

 (exp) ( ) ( ) .SC SC

SC SC

A W H
f R f R

L L
    (4) 

For the material Hg-1201 the ratio SC SCA L c  is given by the distance between the CuO2 planes. 

This means that the resistivity is determined by the closest neighbor of superconducting carriers, 

because the distance between CuO2 planes in c-direction is mostly much smaller than the doping 

distance x longwise and crosswise (Fig. 1a). Additionally, measuring the resistivity at ~ cT  and 

knowing the doping/charge density per chemical formula it is also possible to estimate the mean 

time τ between collisions of superconducting carriers and their mobility .  

4. Selection Procedure for resistivity-temperature curves 

Figures 2–4 show 10 different examples for ρ-T-curves of HTSC materials (cuprates), which 

have been experimentally determined by many authors and are representative for typical curves. 

The selected HTSCs are covering a transition temperature range c~ 20 K <  < ~135 KT  and a 

resistivity range 6(~ 0.5 (exp) ~ 1.5) 10     Ω m. For the following analysis cT  is considered to 

be taken at half of the transition interval of the resistivity-temperature curves in contrast to the onset 

transition temperature often used in literature. The experimental resistivity at cT  has been 

determined by the intersection of the cT -ordinate and the extrapolation of the ρ-T-curve 

predominately below 200 K.  

HTSC materials show a strong anisotropy in resistivity. Therefore ρ-T-curves in CuO2-plane 

of single crystals have been used for this investigation. In c-axis – vertical to the CuO2 plane – the 

resistivity is many times higher. 

Optimum doping is mostly referred to maximum transition temperature. Therefore ρ-T-curves 

of different authors at optimum doping and/or curves slightly above or below optimum doping have 

been chosen for estimating the uncertainty of resistivity values at ~ c.T  In many cases it is well 

documented that overdoping as well as underdoping reduces the maximum cT  value [2]. Figures 3a, 

3b, 4b and 4c are very good examples for this statement.  

The following analysis does not consider very thin HTSC-films, because the resistivity could 

be strongly affected and reduced by a factor 10–100 when grown on different substrates. 
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Fig. 2. Experimental resistivity ρ(exp) versus temperature curves for different HTSC materials from different 

authors: a) Hg-1201 [3,4], b) Hg-1212 [7,8] and c) Hg-1223 [9]. 
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Fig. 3. Experimental resistivity ρ(exp) versus temperature curves for different HTSC materials from different 

authors: a) Bi-2212 [21,22,23], b) LCCO [26,31] and c) LCO [35,36]. 
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Fig. 4. Experimental resistivity ρ(exp) versus temperature curves for different HTSC materials from different authors: a) NCCO [2,18], b) LBCO [37,38,39], 

c) Y123 from e.g. Nobel lecture note by Bednorz [39] and d) LSCCO [32, 33]. 
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5. Hg-1201 

Figure 1a shows the HTSC material Hg-1201 and its superconducting CuO2 plane with a 

squared doping distribution [1]. The tetragonal crystal structure has only one CuO2 plane per crystal 

unit cell ( 1 1n  ). The next CuO2 planes belong to the neighboring Hg-1201 monolayers above or 

below and are separated by the lattice constant c. A superconducting channel of width SCW  and 

height H has a cross section of 18
SC 2.58 10A xc     m2 assuming to form a bundle of parallel 

current channels throughout the whole crystal. 

The superconducting unit volume of 2 27
SC 6.98 10V x c     m3 leads to a doping density of 

261.43 10DN    m3 and a charge density of 262 2.86 10D eN N    m3. Using equation (3) the 

mean time between carrier collisions at ~ cT  and their mobility can be calculated to 

  14
c 1.0 10T     s and   3

c 1.75 10T     m2 V1 s1. 

Figure 2a shows the experimental ρ-T-curves for two detailed investigations [3,4]. The 

analysis results in   6(exp) 12.5 4 10     Ω m. In Figs. 2–4 the error bars are in general 

determined by the nonlinearity of the curve above cT , the sharpness of the transition, the deviation 

from the real optimum doping level, and the systematic errors of the experimental set-up by 

different authors. 

According to equation (4) and SC SC 0.950A L c   nm it results in a resistance of 

      3exp 13.2 4 10f R c      Ω. This value is very close to the fundamental resistance of a 

single-mode ballistic conductor  

 22 12,906smR h e   Ω,  (5) 

when size quantization plays a dominant role [5,6]. The contact resistance of a single-mode 

conductor is the resistance of a ballistic waveguide, which is independent of its length. The current 

channel in figure 1a looks very much like a waveguide. For a multimode ballistic conductor with 

mode 2,3,N    the contact resistance reads  

 
2

mode

1
.

2mm

h
R

N e
  (6) 

6. Resistivity and Multimode Conductors 

In the previous section the resistance of a single-mode conductor with one superconducting 

plane per unit cell and one Cu3+-ion per chemical formula has been considered. But multimode 

conductors are also possible. For cuprates this situation is given:  
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 if a doped unit cell has 1 2n   or more superconducting CuO2 planes per chemical formula 

and/or 

 if the doped unit cell consists of more than one chemical formula ( 2 1n  ) on top of each 

other. 

Following equation (6) with the idea of a multimode ballistic conductor, equation (4) has to 

be modified by several measures: 

CuO2 Planes and total Resistance 

The total number of modes will be given by the total number of CuO2 planes per unit cell  

 mode 1 2 ,N n n   (7) 

where 1n  is the number of CuO2 planes per chemical formula and 2n  is the number of chemical 

formulas on top of each other per unit cell. At cT  superconducting carriers are moving coherently in 

phase along the CuO2 plane. Therefore it is justified assuming that the resistance in each mode is 

the same so that the total resistance of modeN  parallel resistances per unit cell is given by 

  mode .totR f R N  

Doping Density 

According to equation (3) the resistivity depends also on the doping density of the carriers. 

For the Hg-series there exists only one Cu3+-ion per chemical formula (Table 1) and so far the 

analysis is based on one Cu3+-ion per superconducting unit volume. But as it will be shown later on, 

several HTSC materials contain two Cu3+-ions per chemical formula. To account for 3 2n   or even 

more Cu3+-ions per chemical formula we introduce  

 
3

1
~ .

n
  (8) 

Resistivity in Subchannels 

For an undoped (pure) material the resistivity is determined already by the property of one 

single unit cell. For HTSCs with uniform doping the resistivity is given by a superconducting unit 

cell with volume SC.V  For an arbitrary example Fig. 1b illustrates qualitatively this situation for a 

squared doping distribution. The doped unit cell crystals are at the corners, and top and bottom are 

formed by CuO2 planes separated by the lattice constant .H c  Additionally, Fig. 1b shows a three 

mode configuration with CuO2 plane separations 1,H  2H  and 3.H  As already pointed out in 

section 3 the resistivity is dominated by the coupling perpendicular to the current flow. Therefore 

the total resistivity of the superconducting unit volume is given by resistivities of the subvolumes as 
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illustrated in Fig. 1b. The resulting equivalent coupling equk  for coupling values ik  in series in 

c-direction leads to 

    tot1 ~ 1 1SC SC i R
i

L W H L   (9) 

by introducing an effective resistivity length RL  for convenience. 

Shifted Stacking Sequence 

Several HTSC materials, like NCCO, Bi-2212 and LCO, consist of two chemical formulas on 

top of each other ( 2 2n  ) and additionally with CuO2 planes having a shifted stacking sequence 

(sections 10–14). The alternating CuO2 planes are shifted by 2a  in both directions of the CuO2 

plane. Figure 5 illustrates the shifted stacking sequence for the HTSC material Bi-2212 (see also 

section 11). To contribute for this geometrical arrangement with SC SCL W  only the coupling in c-

direction has to be considered as parallel but equal coupling chains by introducing the relation  

 4~ ,n  (10) 

where 4n  is the number of different shifted stacking sequences per unit cell. 

For multimode ballistic conductors equation (4) needs to be modified considering equations 

(7–10) which leads to 

     mode 4 3 4 1 2 3(exp) ( ) ( ) .R Rf R N n n L f R n n n n L    (11) 

In the following sections HTSC materials will be analyzed by plotting ρ(exp) at ~ cT  versus 

4 mode 3Rn L N n  to find out if equation (11) has a universal meaning. 

7. Hg-1212 

Figure 6a shows the unit cell of HTSC material Hg-1212, which has two CuO2 planes. 

Therefore the superconducting unit volume consists of two different sub-channels or two modes 

mode 1 2.N n   It has one chemical formula per unit cell ( 2 1n  ), one Cu3+-ion per chemical 

formula (Table 1, 2) and SC SCL W  which leads to 

      1 2 1 2(exp) ( ) 2 ( ) 2 .Rf R H H H H f R L        (12) 

Figure 2b illustrates the experimental results for two different samples with c 124.5T   K and 

123.5 K respectively, which are very close to the maximum value of  c max 126 1.5T    K [7, 8]. 

The ρ-T curves, which do not show a sharp bend at c ,T  suggest a value of 

    6exp 1.6 0.5 10     Ω m. With the crystal structure values 1.265c   nm, 1 0.325H   nm and 

2 0.940H   nm the resistance results in     313.3 4.2 10f R     Ω. 
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Table 1. Chemical formulas of undoped and doped crystal structures of 10 different HTSC materials including their mode structure values: n1 is the number of CuO2 planes 
per chemical formula and n2 is the number of chemical formulas on top of each other per unit cell; n3 is the number of Cu3+-ions per chemical formula and n4 is the number of 
different shifted stacking sequences per unit cell. 
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Table 2. Investigation of mode and crystal structure in combination with experimental resistivity at the transition temperature for 10 prominent HTSCs. 
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Fig. 5. Unit cell and cross section of the multimode HTSC material Bi-2212 with shifted stacking sequence. 
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Fig. 6. Unit cell, cross section and superconducting unit volume of HTSC materials: a) 2-mode Hg-1212 with 2 

CuO2 planes and b) 3-mode Hg-1223 with 3 CuO2 planes. 
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Fig. 7. Unit cell, cross section and superconducting unit volume of HTSC materials: a) 2-mode Y123 with 2 

CuO2 planes and b) LCCO consisting of two different HTSC materials.  
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8. Hg-1223 

The unit cell of the crystal contains 1 3n   CuO2 planes and therefore has mode 3N   modes. 

The superconducting unit volume is made up of 3 sub-volumes which differ only in height 

(Fig. 6b). Figure 1b is schematically equivalent to Fig. 6b. Using equations (9,11) and 1 2H H  the 

effective resistivity length can be calculated by  

    1 2 3 3 1 1 31 1 1 1 2RL H H H H H H H      (13) 

with 1 0.324H   nm and 3 0.963H   nm it leads to the total resistivity: 

 1 3
tot

3 1

( )
( ) .

3 2 3
RH H Lf R

f R
H H

  


 (14) 

The experimental ρ-T-curves [9] in Fig. 2c suggest a value of 7(exp) (6.0 0.5) 10     Ω m. With 

113 4.62 10RL    m it leads to     313.0 1.1 10f R     Ω.  

9. Y-123 

The Y-123 HTSC material Y1Ba2Cu3O7δ is one of the best known and most widely used 

HTSC. It has a fully ordered orthorhombic crystal lattice (Fig. 7a) compared to the similar but 

tetragonal structure of Hg-1212. The doping distribution is squared, so that equation (12) can be 

used too. The crystal parameters are 0.39a b   nm, 1.17c   nm, 1 3H c  and 2 2 3H c  with 

1 2c H H   resulting in  (exp) 9.f R c    The experimental resistivity (Fig. 4c) of 

6(exp) (1.65 0.35) 10     Ω m results in     312.7 2.7 10f R     Ω [10-13]. It is worth noticing 

that the resistivity can be as high as ~30×10-6 Ω m if the doping is not optimized to δ ≈ 0.04 or 

additional dopants (e.g. Pt, Au) and Y211 impurity phase transitions are present. Additionally, very 

thin film devices as well as high pressure reduce the resistivity down to values as low as 

(0.5–0.8)×106 Ω m [14-17].  

10. NCCO 

The HTSC material Nd2-ΔCeΔCuO4-δ is an electron doped (N-type) superconductor with an 

excess of 2e- in the doped chemical formula (Table 1) and a transition temperature of about 

c 22T   K. It has a so-called tetragonal T’-phase crystal structure (Fig. 8a) with no apical O-atom 

above and/or below the CuO2-plane. The parameters of the unit cell are 0.394a   nm and 

1.207c   nm and it consists of 2 2n   chemical formulas on top of each other. Therefore the 

number of parallel modes per unit cell is now given by mode 1 2 2.N n n    In comparison to 

Hg-1201 the CuO2 plane in the middle is shifted by 2a  in both directions of the CuO2 plane.  
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Therefore it yields 4 2.n   Detailed resistivity measurements have been made in large single 

crystals with a bulk size of 2.2×3.2×0.2 mm3 in the CuO2 plane [18], and additionally in c-direction 

by CuO2 layered compounds [2]. Figure 4a illustrates both resistivity-temperature curves. The 

highest transition temperature is achieved with 0.02   and 0.15   [18,19] whereas with 

0.04   and 0.15   [2] the curve is different having a lower c.T  The experimental resistivity 

results in 6(exp) (15 5) 10     Ω m in contrast to ~6×103 Ω m in c-direction. If very thin NCCO 

films are used, which are grown on special substrates, the resistivity is reduced typically down to 

~1×107 Ω m [20]. Equation (11) leads to     312.4 4.1 10f R     Ω.  

11. Bi-2212 

The unit cell of Bi-2212 is illustrated in Fig. 5. It consists of two chemical formulas on top of 

each other ( 2 2n  ) with pairs of CuO2 planes ( 1 2n  ) having a shifted stacking sequence ( 4 2n  ). 

Bi-2212 has mode 1 2 4N n n    modes given by four CuO2 planes. Table 1 illustrates that for 

HTSCs in previous sections there was only one Cu3+-ion per chemical formula available. But 

instead the chemical formula of Bi-2212 offers two Cu3+-ions ( 3 2n  ). With equation (11) this 

leads to     11exp 5.9 10f R      m. With the experimental value     7exp 7.5 1.5 10     Ω m 

illustrated in Fig. 3a [21, 22, 23] and with 1 23.08 cmc H H    and 1 12,H c   1 11 12H c   

the resistance results in     312.75 2.6 10f R     Ω. In Fig. 3a curves 1 and 2a are taken for 

optimum doping, whereas curve 2b the doping is too high and for curve 2c the doping is too low. 

12. LCCO and LSCCO 

The compound La2CaCu2O6 can be made superconducting by doping with Ca or Sr and by 

synthesis under high O2 pressure in the form of La2-Δ(Sr,Ca)ΔCaCu2O6±δ [24, 25]. But it is possible 

to prepare an isomorphous material containing no Sr-atoms [26]. The double doped unit cell of 

La2-ΔCa1+ΔCu2O6+δ (LCCO) has a simple tetragonal crystal structure (Fig. 7b) and the unit cell 

( 0.383a   nm, 1.945c   nm) consists of 2×(La2-ΔCa1+ΔCu2O6+δ). This HTSC does not change its 

crystal structure when cooling down to low temperatures [27,28]. The double doped unit cell 

consists of two different chemical formulas, La2CaCu2O7 and Ca3Cu2O6 which are responsible for 

the occurrence of superconductivity at about c 52T   K with 1 2n   superconducting CuO2 planes 

per chemical formula [29,30]. But the O-doped and Ca-doped elements have to be considered as 

two different and alternating HTSC materials with 2Cu3+-ions per chemical formula each (Table 1). 

Therefore the parameters are 1 2,n   2 1,n   3 2,n   and 4 2.n   According to equation (11) this 
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leads to    (exp) 2 .f R c    Figure 3b shows several ρ-T-curves with different doping 

parameters. An estimate for the resistivity is 6(13.3 3) 10   Ω m, which results in 

  3(13.4 3.1) 10f R     Ω. 

The HTSC material La2-ΔSrΔCaCu2O6±δ has an identical structure to LCCO with slightly 

different crystal parameters 0.382a   nm and 1.960c   nm. Replacing in LCCO some La-atoms 

by Sr-atoms increases the transition temperature by about 10%. As for LCCO we have the same 

situation of two independent HTSC layers with height 2c  each. The double doped unit cell 

consists of two different chemical formulas, La2CaCu2O7 and Sr3Cu2O6. The idea of considering 

different chemical formulas in one unit cell has already been suggested for  

La2-ΔSrΔCaCu2O6+δ by Ulrich et al [29]. Therefore equation (11) should read 

  10(exp) 9.80 10f R      Ω m. Detailed investigations demonstrated that optimum doping leads 

to a transition temperature of 58 K [31]. The ρ-T-curve (Fig. 4d) shows the curve for maximum cT  

[32] and a curve slightly below cT  with a somewhat higher resistivity [33]. The estimate of the 

resistivity is 6(exp) (13.4 1.2) 10     Ω m which results in   3(13.6 1.2) 10f R     Ω. 

13. LCO 

So far, HTSC materials in sections 2–12 have a squared doping pattern as illustrated for 

example in Fig. 1a. But several HTSC materials, like La2CuO4.08 (LCO) with oxygen excess, show 

a different superconducting area in the CuO2 plane which is formed by regular triangles [34]. Figure 

8b illustrates that LCO is build up by neighboring rectangular current channels with cross section 

SC 0.75A c x  and length SC ,L x  so that SC SC 0.866 .A L c  

In one chemical formula [La2CuO4] four O-atoms (4O2) need in total eight electrons which 

are provided by 3 22La 1Cu .   This material has no Cu3+-elements and is not superconducting 

unless it is doped by an appropriate oxygen excess level. A small amount of interstitial oxygen 

between the copper-oxygen planes is responsible for the occurrence of superconductivity. At low 

temperatures the tetragonal unit cell transforms into an orthorhombic unit cell which then consists 

of 4×(La2CuO4+δ) with two chemical formulas on top of each other ( 2 2n  ). This means that one 

unit cell can host/accommodate two O-atoms where each O-atom connects with two chemical 

formulas 2×(La2CuO4+δ) forming a chemical arrangement of 3 2 24La 2Cu 9O .     The cross 

section of the doped unit cell consists of 2×(CuO2) elements and one excess O-atom transforms 

2Cu2+ into 2Cu3+-ions (Fig. 9). In comparison with NCCO the material LCO is also considered as a 



Armenian Journal of Physics, 2011, vol. 4, issue 2 

127 

2-mode superconductor ( 1 2n  ) because of the two CuO2 planes. Additionally, the shifted stacking 

sequence has to be taken into account with 4 2.n   Therefore equation (11) leads to 

 
( ) 2 3 3

(exp) ( ) .
1 2 2 4 4

f R c
c f R


  

 
 (15) 

Figure 3c illustrates the results of ρ-T-curves for several LCO materials with different cT  

values [35, 36] leading to a resistivity of 6(exp) (7.8 1.2) 10     Ω m. The resistance results in 

  313.6 10f R    Ω.  

14. LBCO 

The HTSC material La2-ΔBaΔCuO4 has the same crystal structure as LCO and shows the same 

behavior. Therefore equation (15) has to be applied leading to   10(exp) 6.60 10f R      Ω m. 

Figure 4b illustrates the results of ρ-T-curves for several LBCO materials with different cT  

values [37,38,39] leading to a resistivity at maximum cT  of 6(exp) (7.5 0.7) 10     Ω m and the 

resistance results in   313.1 10f R    Ω. 

15. Conclusion 

Tables 1 and 2 summarize the different aspects of ten prominent HTSCs, which have been 

investigated. It is worth noticing that the investigation has only been done for mode 4N   modes, 

because to our knowledge there are no resistivity-temperature curves available for crystals with 

pure single phases with 1 4n   CuO2 planes per unit cell and with or without shifted stacking 

sequences.  

Figure 10 lists the ionization energies of the different atoms which are involved in the 

chemical arrangement for the doped chemical formulas summarized in Table 1. In Fig. 11 the 

experimental resistivity (exp)  of each HTSC is plotted versus 4 mode 3 .Rn L N n  In most cases there 

is a ratio of 4 3 1n n   except for NCCO. The data can be fitted by a straight line to 

 4
3 0

mod 3

(exp) ,R

e

L n
m

N n
     (16) 

where the slope m3 has the value 3
3 (13.39 0.79) 10m     Ω and 6

0 (0.02 0.06) 10     Ω m. For 

further consideration 0  will be neglected. Obviously the concept of multimode ballistic conductors 

works out fine, so that the slope m3 could represent the fundamental resistance of a single-mode 

ballistic waveguide with 2
3 2R m h e   as pointed out in section 5. 
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Fig. 8. a) Unit cell and cross section of the HTSC material NCCO with 2 modes and shifted stacking sequence 

and b) doping distribution and superconducting unit volume of LCO. 
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Fig. 9. Unit cell transformation of LCO when cooling down from ambient temperature to superconducting temperature. 
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Fig. 10. Ionization energies of the different atoms which are involved in the chemical arrangement for the doped 
chemical formulas summarized in Table 1. 
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Fig. 11. The experimental resistivity at ~Tc has been plotted versus an effective length l for 10 different HTSCs. 
The transition temperature Tc varies between ~20 K (NCCO) and ~135 K (Hg-1223). 

 

The superconducting unit volume has a size in the order of SC 10V   nm3 and clearly shows 

size quantization. It is suggested that the superconducting unit volume is forming a waveguide for 

guiding superconducting carriers. The height of the waveguide is given by the distance between 

CuO2 planes and the width is determined by the doping distance x as illustrated in Fig. 1 and 5-9 for 

several cases. Using the description of a waveguide for guiding superconducting carriers leads to 

the idea that the wave character of these carriers might be an adequate description for HTSC current 

channels. The concept has already been mentioned by considering a particle with mass, which is 

confined inside a box of width x, where its wave function satisfies the free-particle Schrödinger 

wave equation [1,40,41]. Maybe the transition between the normal state and the superconducting 

state at cT  marks the transition between the particle and the wave description. 
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