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Abstract. We present experimental results on the temperature dependence of the Nernst coefficient
in the normal state of the system Y, Ca Ba,Cu, Zn ,0 , analyzed quantitatively using a narrow-band model
jointly with temperature dependences of the thermopower. From this analysis, we determine the charge
carrier mobility across all studied samples and then analyze its variation with increasing calcium content.
It is shown that all experimental and calculated results can be explained if we take into account that both
calcium and zinc directly affect the structure of the band responsible for the conduction process in the YBa,Cu,0,
system. Calcium introduced into the lattice compensates for local disturbances in the electronic structure
created by zinc, as a result of which the values of all parameters of the normal state at x > 0.125 become
close to the ones characteristic of undoped YBa,Cu,0,.

Keywords: Y-based HTSC, doping, Nernst coefficient, narrow-band model, energy spectrum, charge carrier
mobility

Introduction

The unique properties of high-temperature superconductors (HTSCs) have been a major focus of ex-
perimental and theoretical research since their discovery in 1987. However, despite extensive studies,
the mechanism of electron pairing responsible for the superconductivity phenomenon in these materials
remains unclear.

The physics of HTSCs encompasses numerous aspects, many of each offering insights into the unique
properties of these materials. In our opinion, the transport properties of HTSC are of undoubted interest
for research. As is known, the transport coefficients in the normal state of HTSC exhibit very unusual
behavior compared to conventional materials (Gasumyants 2001; Iye 1992; Kaiser, Ucher 1991; Ong
1990), which reflect the unconventional energy spectrum of charge carriers. Although a complete theo-
ry of high-temperature superconductivity is still lacking, it is evident that the normal-state parameters
of the charge carrier system influence the critical temperature (7). For this reason, the information
on the nature and the parameters of the normal state is needed for developing the theory that can explain
this phenomenon. Such an information can be obtained by studying and analyzing the transport coef-
ficients. The reliable data on the structure of the energy spectrum and the changes in its parameters
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under varied sample composition should help to better understand the nature of the normal state in HTSC.
Moreover, identifying correlations between the values of these parameters and T, could indirectly help
to verify theoretical models aiming to explain the mechanism of electron pairing in HTSC. This requires
determining fundamental HTSC parameters, such as the energy parameters of the band responsible for
the conduction process; the charge carrier concentration, mobility, and effective mass, as well as obtaining
general knowledge about the peculiarities of the energy spectrum structure in these materials and its
transformation when varying the composition of the samples. However, there are not many works de-
voted to this topic among the numerous studies of HTSC. The most likely reason for this situation
is the lack of a holistic approach, which should include not only experimental studies of various transport
coefficients for samples of different HTSC systems and various compositions, but also their quantitative
analysis within the framework of a unified model, which makes it possible to explain the entire set of ex-
perimental data. To substantiate the validity of such a model, it is necessary to carry out systematic
studies and analysis of the behavior of transport coefficients in HTSC samples with different types and
levels of doping. At the same time, it is important that the model used for such an analysis contains
a limited number of physically reasonable parameters and allows one not only to describe the behavior
of all the main transport coefficients in HTSC, but also to reliably determine the values of these para-
meters for samples of different compositions.

In our earlier work, we proposed a phenomenological narrow-band model (Gasumyants et al. 1995)
that has since been successfully applied to analyze the thermopower, S, in different HTSCs (Gasumyants
2001; Gasumyants, Martynova 2012; Gasumyants et al. 1995; Elizarova, Gasumyants 2000; Martynova,
Gasumyants 2013). This approach enabled us to identify the main characteristics of the energy spec-
trum in HTSCs, as well as a character and mechanisms of its modification under doping. Subsequent
studies (Ageev, Gasumyants 2001; Gasumyants et al. 2005) expanded the model’s applicability, demon-
strating the possibility of its use for quantitative analysis of temperature dependences of the Nernst
coefficient, Q. Unlike other transport coefficients, the Nernst coefficient has received far less attention
in HTSCs. Moreover, while numerous studies have examined Q in the vortex phase (e. g., Calzona et al.
1995; Huebener et al. 1991; Qussena et al. 1992), its normal-state behavior remains understudied. A few
exceptions explore Q(T) dependences in a narrow temperature range above 7', where anomalously high
values in underdoped cuprates suggest the possible formation of electron pairs at 7> T (Alexandrov,
Zavaritsky 2004; Capan et al. 2002; Tan, Levin 2004; Wang et al. 2001; Xu et al. 2000).

The scarcity of data on Nernst coefficient temperature dependence Q(7) at temperatures well above
T primarily stems from the lack of suitable analytical methods for studying this behavior in a wide tem-
perature range. Our narrow-band model effectively addresses this challenge. Importantly, this approach
enables simultaneous description of four main transport coefficients — resistivity, thermopower, Hall
coefficient, and Nernst coefficient (Ageev, Gasumyants 2001; Gasumyants, Martynova 2012). It also al-
lows for joint quantitative analysis of both S(T) and Q(T) dependences (Ageev, Gasumyants 2001; Gasu-
myants et al. 2005). As shown in (Gasumyants et al. 2005; Gasumyants, Martynova 2018), this methodo-
logy additionally provides determination of real charge carrier mobility values.

To study the nature of the normal state, it is necessary to use doped samples with sequentially
changing composition and analyze the changes in the found values of model parameters depending
on the type and content of the introduced impurity. While numerous cations can substitute into the
YBa,Cu,O, lattice (Felner 1991), most impurities exhibit qualitatively similar effects on both super-
conducting and normal-state transport properties. The most interesting impurity for research in the case
of the YBa,Cu,O, system is undoubtedly calcium. Calcium doping produces unusual modifications
to transport coefficient temperature dependences and can also enhance superconducting properties
if they were previously suppressed by other impurities or oxygen deficiency (Awana et al. 1996; Gasu-
myants et al. 1994; 2000; Gasumyants, Martynova 2017; Martynova et al. 2011; Suard et al. 1992).
In systems like Y, ,CaBaCu,, Co,, O and Y, CaBa La CuO, the observed T, enhancement under
calcium doping appears linked to its influence on the oxygen subsystem and consequent modifications
to the energy spectrum (Gasumyants et al. 1994; 2000; Gasumyants, Martynova 2017). Higher-valence
impurities (Co or La) increase oxygen content causing the conductive band broadening, while subse-
quent calcium doping restores near-stoichiometric oxygen levels, improving subsystem ordering. This
influence the energy spectrum parameters in the opposite direction, bringing them closer to those
of undoped YBa,Cu,O, and consequently increasing T'. Interestingly, calcium dopingin Y, Ca Ba,Cu, Zn O,
also elevates T (Martynova et al. 2011), despite zinc being an isovalent impurity that neither affects
oxygen content and suppresses T, through pair-breaking effect (Bonn et al. 1994; Wang et al. 1998).
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Zinc does, however, also modify the normal-state energy spectrum (Gupta, Gupta 1999; Martin, Ga-
sumyants 2021). This circumstance makes the Y, Ca Ba,Cu, Zn ,O system particularly compelling
for detailed investigation of calcium’s role.

Motivated by these considerations, we present the results of a systematic study of the normal-state
Nernst coefficient in the double-substituted Y, Ca Ba,Cu, Zn,,O system across varying calcium con-
centrations, as well as their quantitative analysis within the narrow-band model framework using
previously obtained data for the thermopower behavior in the same samples.

Samples and experimental details

Single-phase ceramic samples of YLxCaXBaZCquZnO'ZOy (x=0.05,0.1,0.125,0.15,0.175, and 0.2) were
synthesized via standard solid-state reaction using high-purity oxide and carbonate precursors. Previous
studies (Gasumyants 2001; Gasumyants, Martynova 2017; Martynova et al. 2011) show that oxygen-rich
calcium- and zinc-doped samples exhibit transport coefficients with extremely small absolute values,
making accurate analysis of their temperature dependences within our model framework challenging.
To address this, we performed controlled oxygen reduction through additional vacuum annealing at 460 °C
for 2 hours. The temperature-dependent resistivity and thermopower data for these samples, along with
their thermopower analysis, have been previously reported (Martynova et al. 2011). These datasets will
be incorporated in our current analysis and discussion of the Nernst coefficient results. To confirm
sample stability over time, we re-measured the thermopower temperature dependences S(7) for two
representative samples, obtaining excellent agreement with earlier measurements.

The Nernst coefficient measurements were performed under a constant reversible magnetic field
of B = 1.8 T. For each temperature, the Nernst signal was measured twice in opposite magnetic field
directions and then calculated as the half-difference of the corresponding voltages. This approach ef-
fectively eliminates even magnetic effects and significantly improves measurement precision. To increase
the signal-to-noise ratio, the sample geometry was optimized to be long (about / = 10 mm) in the Nernst
signal, U, direction, and thin (about d = 1 mm) in the temperature gradient direction. The temperature
difference applied to the samples was about AT = 10 K. Our measurement protocol was validated through
extensive test measurements confirming the linear response regime for HTSCs. The Nernst signal (1)
maintains linear dependence on temperature gradient (A7) up to AT = 30-35 K, as established in (Ga-
sumyants, Martynova 2018). The Nernst coefficient values were calculated as Q = U-d/B-AT'l. The tem-
perature range of measurements was from 100 K to 320 K.

Experimental results

Figure 1 presents the temperature dependences of the Nernst coefficient Q(7) for the investigated
samples, excluding the x = 0.05 and x = 0.15 compositions, the results for which are very close to other
experimental curves. As for other doped samples of the YBa,Cu,0O) (Gasumyants et al. 2005; Gasu-
myants, Martynova 2018), the Nernst coefficient has very small values and shows typical changes with
temperature. The Nernst coefficient is extremely small near 7'= 100 K increases sharply with increa-
sing temperature, reaching maximum values in the normal state, and then decreases slightly at tem-
peratures above 7' > 150-200 K (with the exact transition temperature varying by composition). This
conventional behavior shows notable deviations in samples with lower calcium content (x =0.05-0.125),
where the Q values exhibit a pronounced decrease at elevated temperatures beyond the maximum
point, as clearly illustrated by the x = 0.1 data in Figure 1. This anomalous effect displays a strong
calcium concentration dependence, appearing most distinctly in the sample with lowest calcium
content and progressively diminishing with its increase until it vanishes completely at calcium content
of x > 0.15.

Figure 2 displays the room-temperature Nernst coefficient (Q,, ) as a function of calcium content,
compared with corresponding thermopower values (S, ) from previous work (Martynova et al. 2011).
While most substitutions in YBa,Cu,O yield qualitatively similar changes in all transport coefficients
(Gasumyants, Martynova 2018), the Y, Ca Ba,Cu, .Zn ,O system exhibits distinct behavior. The thermo-
power shows a consistent monotonic decrease with increasing x, whereas the Nernst coefficient displays
a more complex dependence: Q, ,  decreases for x = 0-0.125, but rises at higher calcium concentrations.
This contrasts with the monotonic Q, . variation observed in the case of single calcium doping (Gasu-
myants, Martynova 2018).
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Fig. 1. Temperature dependences of the Nernst coefficient in Y, Ca Ba Cu, Zn, 0,
Symbols indicate experimental resuls; lines indicate the results of calculatlon w1th1n the narrow band model
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Fig. 2. Room-temperature Nernst coefficient and thermopower in Y, Ca Ba,Cu, Zn 0,

The observed evolution of Q(T) behavior with increasing calcium content in Y, Ca Ba,Cu, Zn, O
likely stems from the influences of zinc and calcium on the conduction band structure. ch substltutes
for plane copper, which participates directly in conduction band formation, and according to the results
presented in (Gupta, Gupta 1999), removes electronic states from this band destroying its structure,
as confirmed by our thermopower analysis in YBa,Cu, Zn O, (Martin, Gasumyants 2021). This substitu-
tion also significantly perturbs the system’s electromc structure (Gupta, Gupta 1999), particularly affec-
ting charge carrier scattering. The Nernst coefficient’s enhanced sensitivity to scattering processes explains
why the YBa,Cu, Zn O, system with substantial zinc content maintains conventional S(T) behavior while
developing anomalous features in Q(T), as observed in our measurements. Conversely, calcium doping
introduces additional states into the conduction band (Gasumyants, Martynova 2017), effectively coun-
teracting zinc-induced modifications in the Y, Ca Ba,Cu, Zn ,O system. This compensation mechanism

accounts for the monotonic decrease in S, with increasing x (Fig. 2) and the systematic evolution
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of energy spectrum parameters, the values of which at calcium content x > 0.15 approach those charac-
teristic of undoped YBaZCuBOy as revealed by our S(7) analysis (Martynova et al. 2011).

Contrary to the thermopower, the Nernst coefficient behavior is affected by disruptions of the elec-
tronic structure induced by zinc. Atlow calcium contents in the Y, Ca Ba Cu, Zn,,0, system (x <0.15),
it gradually compensates for the effect of zinc on the energy spectrum structure. This results in a drop
in the Q,,, value and a decrease in the degree of deviation of the Q(7) dependences from the typical
form. This compensation becomes nearly complete at x > 0.15. As a result, the Q(T) dependences take
on a typical form, and the Q, . value increases with increasing x, as in the case of single calcium doping
in the YBa,Cu,O, system.

Note that our conclusion regarding calcium’s compensating effect on zinc-induced modifications
in the normal-state energy spectrum in YBa,Cu,O is further supported by recent studies
of the Y, Ca Ba,Cu, Zn O system with equal content of two dopants (Funtikova, Gasumyants 2023),
which revealed very slight changes in the energy spectrum parameters over a wide range of doping
levels. Thus, it is the compensating effect of calcium that causes the modification of the Q(7) depen-
dences described above, as well as the observed Q, . (x) dependence in the YLxCaxBazCuz.SZnO'ZOy system.

300K

Analysis of experimental results within the narrow-band model and discussion

Our analysis is based on a narrow-band model that assumes the band responsible for the conduction
process in HTSCs has a half-width comparable in order of magnitude to the Fermi smearing, with
the Fermi level located within this band. Under these conditions, we can approximate density-of-states,
D(E), conductivity, o(E), and Hall conductivity, o, (E), functions by rectangles of different widths (Gasu-
myants 2001; Gasumyants et al. 1995). This simplification allows us to derive analytical expressions for
the thermopower and Nernst coefficient by solving the Boltzmann transport equation within the relaxa-
tion time approximation (Ageev, Gasumyants 2001; Gasumyants et al. 1995):

S k| Wo (—u") + coshW,* ! (coshp* + coshW.)
= - — — X
e |smhwz exp(—p coshWy W coshp™® + coshWj
exp(u’) + exp(Wy) .
n . | T (1)
exp(u*) + exp(—Wy)
1[Iy, Iyh
— (L _He 2
Q eTu<IO 12 ) 2)
where
W, /2+bWp W, /2+kWp
I; = f <—%) E'dE, Iy, = f (—%) sign(E — kWp)E'dE,
! oE i OE
—W,/2+bWp —W,/2+kWp

k, is the Boltzmann constant, e is the elementary charge, f is the equilibrium Fermi-Dirac distribution

sinh(FWp) X . o . .
W—F)DWE)] = 2bWp, W*=W [2k, T, W =W, /2k,T, nis the electrochemical

potential measured from the middle of the band. As is seen, the S(7) dependence is determined by four
physically significant model parameters, namely, the degree of band filling with electrons F, representing
the ratio of the total number of electrons to the total number of states in the band; the total effective
bandwidth W ; the effective width of the delocalized state interval W_; and the band asymmetry degree
b. The latter three parameters are introduced into the model as describing the approximations we use.
The W, and W_values are the widths of rectangles approximating the functions D(E) or o(E) and o, (E),
respectively, as a result their ratio C= W_/ W characterizes the degree of delocalization of charge car-
riers at the band edges. The b value determines the energy shift bW, between the centers of these rec-
tangles, which arises due to the possible asymmetry of the density-of-state function.

The calculation of the Nernst coefficient’s temperature dependence Q(7) requires the introduction
of two additional parameters. They are the band-averaged electron mobility #, and the dispersion
law asymmetry parameter k, which determines the energy shift kW of the sign-change point in the Hall
conductivity o, (E) function relative to the band center. Since Eq. (2) shows that Q(7) depends

function, p* = pu/kgT = In
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collectively on all six model parameters, its independent analysis is not feasible. To apply the described
approach, it is necessary to measure both the S(7) and Q(7) dependences on the same samples and
then analyze them together. In such a case, the four primary parameters are first determined through
thermopower analysis using Eq. (1). These values are then used in Eq. (2) to extract the two remaining
parameters from Nernst coefficient analysis (Ageev, Gasumyants 2001; Gasumyants et al. 2005).
As demonstrated in previous studies (Gasumyants et al. 2005; Gasumyants, Martynova 2018), this
joint analysis of thermopower and Nernst coefficient data enables unambiguous determination of all
model parameters in doped YBa,Cu,O, systems.

Figure 3 presents the exper1menta1 thermopower data S(T) for the Y, Ca Ba,Cu, Zn O system
(Martynova et al. 2011), along with best-fitted curves calculated using Eq. ( ) The correspondlng calcu-
lated Q(7) dependences from Eq. (2) are shown in Figure 1. One can see that the narrow-band model
allows us to well describe the temperature dependences of both transport coefficients using a single set
of model parameters. Two aspects of the fitting procedure deserve mention. First, for samples with low
calcium content, we restricted the Q(7) fitting to the low-temperature regime, intentionally excluding
the high-temperature region where zinc-induced perturbations of the electronic structure cause anom-
alous suppression of the Nernst coefficient (as discussed previously). Second, since in the case of an asym-
metric band we need to use four parameters to calculate the S(7) dependence, their values can be de-
termined with some errors. The simultaneous fitting of both S(7) and Q(7) data not only determines
the u and k parameters, but also enables refinement of the initial parameter estimates, yielding optimal
agreement between the experimental and calculated curves for the two studied coefficients.
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Fig. 3. Temperature dependences of the thermopower in Y, Ca Ba,Cu,,Zn ,O . Symbols indicate experimental

¥
resuls; lines indicate results of calculation within the narrow -band model

The complete set of model parameters characterizing calcium’s influence on the electronic structure
and charge carrier system in Y, Ca Ba,Cu, Zn ,O is presented in Table 1. The detailed discussion
of calcium-induced changes in the F, W W and b parameters as well as the physical reasons for these
changes, can be found elsewhere (Martynova et al. 2011). Here we would only like to emphasize that
the energy parameters of the band (W, and W), which are little affected by zinc introduction, remain
almost constant for all the studied samples. The band filling degree F and asymmetry parameter b ex-
hibit systematic evolution with calcium content, progressively approaching the characteristic values
of an undoped sample (F ~ 0.5, b ~ 0), while in calcium-free YBa,Cu, Zn O, they differ significantly
from these values due to the zinc effect. This behavior quantltatlvely conﬁrms calcium’s compensating
effect on zinc-induced electronic structure modifications, as discussed above.

Figure 4 presents the calculated charge carrier mobility values, which represent the band-averaged
mobility determined through our narrow-band model rather than the conventional Nernst mobility
defined as Q/(k,/e). This explains why the u(x) dependence differs from the Q,  ,(x) behavior shown
in Figure 2. The obtained mobility values are characteristically small, less than 1 cm?/(Vxs), which
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Table 1. The values of model papameters determined from the joint analysis of the S(7) and Q(7) dependences
inthe Y, CaBaCu, Zn O system

X F W, meV C=w /W, b u, cm?/(V-s) k kW, meV
0.05 0.535 102 0.37 0.017 0.48 -0.11 -11.2
0.1 0.524 96 0.36 0.011 0.45 -0.12 -11.5
0.125 0.520 103 0.39 0.007 0.29 -0.13 -13.4
0.15 0.517 97 0.33 0.004 0.36 —-0.12 -11.6
0.175 0.513 95 0.35 0.000 0.47 -0.15 -14.3
0.2 0.509 20 0.41 -0.002 0.52 -0.15 -13.5

is consistent with previous results obtained for samples of the YBa,Cu,O, system with various types and
levels of substitutions (Gasumyants, Martynova 2018). The mobility exhibits a non-monotonic depen-
dence on calcium content, initially decreasing before showing an increase beyond x = 0.125. Note that
to explain the variations in the mobility value under increasing doping level in various Y-based HTSC
systems, we usually considered corresponding changes in the W, and C= W_/ W values (Gasumyants,
Martynova 2018). As shown earlier (Gasumyants 2001), in most doped YBa,Cu,O, systems, non-isova-
lent impurities typically cause band broadening (increased W) and enhanced state localization at band
edges (decreased C= W _/ W) via Anderson localization mechanism (Anderson 1958). Calcium doping
in pre-doped systems produces the opposite effect on both these parameters (Gasumyants et al. 2000;
Gasumyants, Martynova 2017).

The charge carrier mobility, defined as u = e<1>/m*, where <7> is the averaged relaxation time and
m* is the effective mass of electrons, exhibits doping-dependent behavior governed by two competing
factors. Band broadening typically reduces the effective mass, which would enhance mobility, while
impurity-induced disorder increases charge carrier scattering, reducing the relaxation time and conse-
quently decreasing mobility. By analyzing these competing effects, we can consistently explain
the doping-dependent mobility evolution observed in various doped systems (Gasumyants, Martynova
2018).
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Fig. 4. Calculated charge-carrier mobility for Y, Ca Ba,Cu, Zn,,O samples

Clearly, this approach cannot be applied to analyze the u(x) dependence in the studied Y, Ca Ba,Cu, Zn, 0,
system. As Table 1 shows, both the W and C values exhibit only minimal variation with i increasing cal-
cium content. However, it is 1mportant to note that W and W represent effective widths of their respec-

tive energy intervals, namely the widths of rectangles approximating the D(E) and o(E) functions. Most
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substitutions in the YBa,Cu,O, system affect the energy spectrum indirectly through band broadening
caused by the Anderson localization mechanism (Gasumyants 2001). In such cases, changes in W, and
W_accurately reflect the actual modifications of the D(E) and o(E) functions under doping. In contrast,
both calcium and zinc directly modify the energy spectrum — either through the formation of an addi-
tional Ca-induced peak in the D(E) function or via Zn-induced state removal from the band. Under these
circumstances, the rectangular approximation becomes too crude to quantitatively explain mobility
variations by considering changes in the above two parameters. Qualitatively, the observed u(x) depen-
dence in Y, Ca Ba Cu,, 020, can be understood as follows. At low doping levels, calcium partially
compensates for z1nc ’s effect on the energy spectrum while simultaneously introducing additional disor-
der to the electronic structure established by zinc incorporation, ultimately reducing mobility. Near
x =~ 0.125, zinc’s influence becomes nearly compensated, as evidenced by the shape of the Q(T) dependence
for samples with x > 0.15 (discussed earlier). Further calcium doping, once zinc compensation is complete,
increases mobility, which is consistent with previous observations in oxygen-deficient Y, Ca Ba,Cu,O,
systems (Gasumyants, Martynova 2018). Thus, the change in the charge-carrier mobilityin Y, Ca Ba Cu Zn O
with increasing calcium content can be explained by taking into account the compensatlng effect of cal
cium, similar to the explanation of the experimental results on the behavior of the Nernst coefficient.

As shown in Table 1, the dispersion law asymmetry parameter k remains negative and varies only
slightly with changes of calcium content x in the Y, Ca Ba Cu, Zn O, system. The kW, value, repre-
senting the energy shift of the Hall conductivity s1gn change p01nt relative to the band center, also
changes slightly between 11 and 14 meV. Note that this dispersion law asymmetry is not directly related
to the asymmetry of the D(E) function (parameter b in Table 1), which changes quite strongly in the
studied system due to calcium-induced states appearing within the band. Our earlier studies (Gasumy-
ants, Martynova 2018) established that such dispersion law asymmetry constitutes an intrinsic feature
of the YBa,Cu, O, electronic structure, whereas the band asymmetry b emerges only under specific types
of doping. Notably, despite the W value changes quite strongly with certain types of doping, the kW,
value in all cases varies in a relatlvely narrow range (Gasumyants, Martynova 2018). In particular, thls
value changes by 3 or 5 meV in cases of single doping with calcium or zinc, respectively, when the con-
tent of corresponding dopant changes from x = 0 to x = 0.2. The present results for double-substituted
Y, ,CaBa,Cu, Zn O system thus align well with this established pattern.

Conclusions

We have experimentally studied the Nernst coefficient in the Y, Ca Ba,Cu, .Zn ,O system with varying
calcium content in the normal state and analyzed the Q(7) dependences together with the thermopower
data. The main results are as follows.

For samples with low calcium content (x < 0.125), the Nernst coefficient at high temperatures deviates
from the temperature dependence characteristic of doped YBa,Cu,0, samples. This deviation gradually
diminishes with increasing calcium content and vanishes completely for x > 0.15. Across all composi-
tions, the room-temperature Nernst coefficient remains below 1 nV/(K-T), showing slight but non-
monotonic variation with doping level. The behavior of both thermopower and Nernst coefficient
inY, CaBaCu, Zn O can be satisfactorily described and quantitatively analyzed using the narrow-
band model. This joint analysis allows one to determine, besides the fundamental energy spectrum pa-
rameters, the values of the charge-carrier mobility and the degree of dispersion law asymmetry. Despite
calcium doping systematically modifies the density-of-states asymmetry, the dispersion law asymmetry
remains essentially constant. This demonstrates that the latter represents an intrinsic feature
of the YBa,Cu O, energy spectrum rather than being doping-specific. The charge carrier mobility, which
is notably low in all samples, decreases with an increase in calcium content at low doping levels, but
increases for x > 0.125. These mobility variations, along with the Nernst coefficient behavior and
changes in the calculated parameters of the energy spectrum structure, can be qualitatively explained
by the compensating effect of calcium on zinc-induced disturbances in the electronic structure of the con-
ductive band. Consequently, calcium doping enhances both superconducting properties and normal-state
charge carrier characteristics in the Y, Ca Ba,Cu, Zn ,O system.
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