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The photovoltaic effect in noncentrosymmetric ferroelectrics is gaining much research interest
due to its remarkable above band-gap photovoltage. Among the available ferroelectric systems, the
0.5Ba(Zr0.2Ti0.8)O3-0.5(Ba0.7Ca0.3)TiO3 with its high piezocoefficient is considered as an attractive lead-
free multifunctional ferroelectric material. The photovoltaic studies on this compound reveal the discovery
of a large photogenerated electric field of 368 V cm−1, one of the highest values reported in polycrys-
talline ferroelectric systems. It is demonstrated that the large photovoltaic response in this ferroelectric
system is due to the symmetry breaking structural transformation from the tetragonal to rhombohedral
and orthorhombic phases. Density functional calculations show that this symmetry breaking transforma-
tion leads to the reduction of electron and hole effective masses and delocalization and reorientation of
the conduction charge cloud along the polarization direction, which, in turn, gives a high photovoltaic
response.
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I. INTRODUCTION

The increasing energy demand with limited available
fossil energy resources necessitates researchers to ven-
ture into viable alternative energy sources. In this context,
solar cells, which provide a clean, abundant, and renew-
able energy source, are the priority area of research in
modern science. The choice of materials and mechanism
for the electron-hole pair generation upon light illumi-
nation followed by their separation and collection before
recombination has resulted in the evolution of solar cells
from conventional semiconductor p-n junctions to numer-
ous other types, such as organic dye sensitized, polymer,
organic, and inorganic perovskite solar cells [1]. How-
ever, the recombination of photo-excited carriers severely
affects the open-circuit voltage (VOC) and any attempts to
minimize it require a high grade of engineering, which
eventually makes the device more complex. In addi-
tion, the restriction on the VOC imposed by the band
gap of the active material limits the efficient function-
ing of these devices. The innovative photovoltaic (PV)
phenomenon observed in ferroelectric materials with a
large photo-generated electric field is free from these
drawbacks and is believed to be the basis for next-
generation photovoltaic devices. However, the ferroelec-
tric systems exhibiting a large PV response are few
in number as they are limited to LiNbO3 (LNO) [2],
BaTiO3 (BTO) [3], BiFeO3 (BFO) [4], Pb(Zr1−xTix)O3
(PZT) [5], (Pb0.97La0.03)(Zr0.52Ti0.48)O3 (PLZT) [6],
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KBiFe2O5 (KBFO) [7], and Ba1−x(Bi0.5Li0.5)xTiO3
(BBLT) [8]. Several mechanisms have been proposed
for the observed large PV response in ferroelectric sys-
tems [9,10]. Earlier reports claim that the above band-gap
large bulk photovoltaic effect (BPVE) observed in vari-
ous ferroelectric systems is attributed to the poling-induced
internal electric field [11,12]. However, the prominent ones
that explain the BPVE are the ballistic and the shift current
models [3,13–16]. For example, the highest PV response
(open-circuit electric field, EOC ∼105 V cm−1) in a single
crystalline Fe-doped LNO sample reported by Glass et al.
is explained by the ballistic mechanism [17]. The ballistic
mechanism is associated with nonthermalized excitation
of photoelectrons in a noncentrosymmetric system, which
provides an asymmetric momentum distribution of these
carriers in the conduction band [17]. Interestingly, Spanier
et al. demonstrated the bulk BPVE in a BTO single crys-
talline sample with a power conversion efficiency exceed-
ing the Shockley–Queisser limit [3]. They attributed this
effect to the manifestation of the shift current mechanism
of the BPVE. According to the shift current mechanism,
the generated charge carriers make an interband transition
in a noncentrosymmetric system with a virtual shift of the
momentum vector in real space and thereby yield a large
PV response [3,13–16].

Interestingly, the correlation between the electronic
structure of noncentrosymmetric materials and the pho-
tocurrent response in terms of shift current has been estab-
lished by Wang et al. for different phases in KNbO3 (KNO)
and (K, Ba)(Ni, Nb)O3−δ (KBNNO) systems [18]. Their
calculations suggest that ferroelectric systems having

2331-7019/19/11(4)/044007(10) 044007-1 © 2019 American Physical Society

https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevApplied.11.044007&domain=pdf&date_stamp=2019-04-03
http://dx.doi.org/10.1103/PhysRevApplied.11.044007


ATAL BIHARI SWAIN et al. PHYS. REV. APPLIED 11, 044007 (2019)

rhombohedral (R) and orthorhombic (O) symmetry show
a higher shift current coefficient than systems with tetrag-
onal (T) symmetry. This indicates that the R and O phases
are more favorable to yield a large photoresponse than
the T phase in ferroelectric materials. The large pho-
tovoltaic response reported in lanthanum-modified PZT
morphotropic phase boundary composition, where the R
and T phases coexist, further motivates the search for a
piezoelectric system with morphotropic phase boundary
(MPB) composition to understand the PV response with
respect to the structural symmetries [19].

In this context, the lead-free ferroelectric system,
0.5Ba(Zr0.2Ti0.8)O3-0.5(Ba0.7Ca0.3)TiO3 (BZT-BCT) [20],
exhibiting a large piezocoefficient (d33 ∼ 620 pC
N−1), attracts tremendous research interest due to its
intriguing physical properties such as large energy stor-
age density [21], better electrocaloric effect [22], highest
electro-optic [23] properties, and so on. Additionally, the
existence of MPB in this compound (where T, O, and
R phases coexist), creates a favorable condition for the
shift current mechanism, which may lead to a large pho-
toresponse. Interestingly, the reported tuneable structural
phase transformation by an electric field at MPB [24–26],
which produces large structural frustration among coex-
isting phases, enables us to propose this material as a
model system to investigate the photovoltaic effect and its
structural correlation. In this work, we discover a large
BPVE on a BZT-BCT polycrystalline bulk sample with
18.4 V (EOC = 368 V cm−1) as the open-circuit voltage
(VOC), which is around six times larger compared to that
of the parent polycrystalline BTO [27]. Notably, PV stud-
ies carried out as a function of poling fields reveal a strong
correlation between the PV response and the crystal sym-
metry in the BZT-BCT ferroelectric system. The density
functional theory (DFT) calculations validate the relation
between the PV response and the crystal symmetry.

II. METHODS

A. Experimental methods

The 0.5Ba(Zr0.2Ti0.8)O3-0.5(Ba0.7Ca0.3)TiO3 sample is
fabricated using a conventional solid-state method. A sto-
ichiometric mixture of initial precursors BaCO3 (purity ≥
99.9%), TiO2 (purity ≥ 99.9%), BaZrO3 (purity ≥ 99.9%),
and CaCO3 (purity ≥ 99.9%) is calcined at 1350 °C for 4 h.
Then the calcined powder is ground for better homogene-
ity, uniaxially pressed into 12-mm-diameter pellets, and
sintered at 1450 °C for 4 h.

The powdered samples are subjected to powder x-
ray diffraction (XRD) experiments for phase confirma-
tion by employing a Rigaku SmartLab x-ray diffractome-
ter. The XRD patterns are refined using FULLPROF soft-
ware. The temperature-dependent dielectric permittivity is
obtained from the Novocontrol impedance analyzer in the
10 Hz to 10 MHz frequency range. The polarization (P)

measurements with respect to the electric field (E) are car-
ried out by a Radiant Technology P-E loop tracer. For opti-
cal band-gap measurements, a diffused reflectance spec-
troscopy experiment is performed using the Ultraviolet-
Visible-Near Infrared (Jasco) Spectro-Photometer. The
samples are polished and cut into dimensions of 7 × 7 ×
0.5 mm3 for photovoltaic measurements. On the top side of
the sample, a Ag electrode in finger geometry (finger size
of 100-μm width separated by a 200-μm gap) is deposited
by thermal evaporation technique using a shadow mask
and the bottom side is coated with Ag paint. PV mea-
surements are carried out by employing a xenon-arc lamp
(Newport, Model No. 67005) as the light source and a
Keithley electrometer (6517B) as the measuring unit.

B. Computational details

The presented DFT calculations are performed using
the pseudopotential (PP)-based Vienna ab-initio simula-
tion package (VASP) [28]. PPs are based on the projected
augmented wave (PAW) [29] method with exchange and
correlation effects described using a generalized gradi-
ent approximation (GGA) and Perdew-Burke-Ernzerhof
(PBE) functional [30,31]. For the elements present in our
model, the following valance electrons are explicitly con-
sidered in the PP: Ba-4s2 4p6 5s2, Ca-3p6 4s2, Zr-4p6

4d2 5s2, Ti-3p6 3d2 4s2, and O-2s2 2p4. The plane wave
cut-off energy is chosen to be 500 eV. Calculations are per-
formed on all three T, O, and R phases of BTO. To simulate
experimental doping concentrations, we adopt a supercell
approach with periodic boundary conditions and perform
our calculations using 2 × 2 × 3, 3 × 2 × 1, and 2 × 2 × 1
supercells (Fig. S1 in the Supplemental Material [32]) cor-
responding to ferroelectric T (P4mm), O (Amm2), and R
(R3m) phases, respectively. In each of these supercells, two
Ba ions are replaced by two Ca ions and a single Ti ion is
replaced by a single Zr ion. For structural optimization,
we choose a convergence criterion of 10−6 eV for the self-
consistent field (SCF) electronic energy and 10−3 eV A−1

for the Hellmann-Feynman forces on each atom. Three
(8 × 8 × 8), (6 × 8 × 8), and (8 × 8 × 6) Monkhorst-Pack
grids [33] are used for the Brillouin Zone integration of
bulk T, O, and R BTO, respectively. Proportionate k grids
are used for the super cells. The effective mass of electrons
(m∗

e) and holes (m∗
h) at the band extrema, that is, around

the conduction band minimum (CBM) or the valence band
maximum (VBM) are calculated using the finite difference
method as implemented in the effective mass calculator by
Fonari and Sutton [34].

III. RESULT AND DISCUSSION

A. Structural, dielectric, ferroelectric, and optical
studies

The XRD pattern recorded on the BZT-BCT sample
at room temperature (approximately 27 °C) is shown in
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(a) (b)

(c) (d)

FIG. 1. (a) The XRD pattern
of the BZT-BCT indexed to
the tetragonal symmetry and (b)
the temperature variation of a
dielectric constant at different fre-
quencies. The different phase tran-
sitions (R to O, O to T and T
to cubic) are pointed out with
arrow marks. (c) The polarization
switching with respect to differ-
ent electric fields at 10 Hz and
(d) the optical band gap measured
using Kubelka-Munk plot for the
BZT-BCT ceramic.

Fig. 1(a) and confirms the phase formation of the com-
pound without any secondary phases. Note that the BZT-
BCT composition is at its MPB where the R, O, and T

phases coexist. To confirm the coexisting phases, the XRD
patterns of the {200} and {220} peaks are shown in the inset
in Fig. 1(a). The merging of the tetragonal (002)/(200)

(a) (b)

(c) (d)

FIG. 2. (a) The schematic diagram for the photovoltaic measurement setup along with the sample geometry, (b) poling voltage
variation of I-V characteristics under dark and light illumination, (c) the bar diagram of EOC reported for different ferroelectric systems
along with the present BZT-BCT sample, and (d) J SC and VOC vs poling electric field for BZT-BCT sample.
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peaks and the asymmetric character of the (200) peak gives
evidence for the existence of the R and T phases [35]. Cor-
respondingly, the merging of (202)/(220) gives evidence
for the presence of the O phase in BZT-BCT [36].

The dielectric constant measured in the temperature
range of −60 oC to 250 °C at various frequencies (100 Hz
to 1 MHz) are plotted in Fig. 1(b) and the plots reveal
the signature of R-O and O-T phase transitions (marked
by arrows) along with the ferroelectric Curie temperature
(TC) at 95 °C. The two broad R-O and O-T transitions
located close to each other near room temperature give
an additional indication for the coexisting phases [37].
The frequency independent nature of TC and the subse-
quent dielectric dispersion shown in Fig. 1(b) reflect that
the sample is an ergodic relaxor-type ferroelectric [24]. To
characterize the ferroelectric properties, the polarization is
plotted against the electric fields in Fig. 1(c). The evolution
of the P-E loops with field and its well-saturated hysteresis
character at high field confirm the ferroelectric character-
istics of the sample. The sample shows maximum polar-
ization (Pm) of 17.5 μC cm−2 at 40 kV cm−1. To obtain
the optical band gap, the reflectance spectrum recorded on
the sample is converted into the Kubelka-Munk coefficient
[F(R) hν]2 and is plotted as a function of hν in Fig. 1(d).

The deduced band-gap value from the Kubelka-Munk plot
is 3.2 eV [38].

B. Photovoltaic and structural studies

To carry out the photovoltaic measurements [shown as
schematics in Fig. 2(a)], the BZT-BCT sample with Ag
electrodes in finger geometry is poled at 40 kV cm−1 (well
above its coercive field). The photograph of the sample
with finger electrode geometry and the experimental set up
used in the measurement can be seen (Fig. S2) in the Sup-
plemental Material [32]. The current density (J SC) vs bias
voltage (V) measured under dark and light illumination
conditions are shown in Fig. 2(b). The J -V curves reveal a
large PV response with VOC = 18.4 V (EOC = 368 V cm−1)
and short-circuit current (J SC) = 7 nA cm−2.

The observed EOC is one of the largest values reported
among ferroelectric polycrystalline samples and is, in fact,
a 400% increase in comparison to the value reported for
a BTO single crystal of similar thickness [3]. The EOC
reported for several compounds are plotted as a bar dia-
gram in Fig. 2(c), which highlights the importance of
BZT-BCT polycrystalline sample as one of the potential

FIG. 3. Rietveld-refined XRD profiles for the family of significant peaks, {200}, {220}, and {222}, are presented for samples poled
at 0, 20, and 40 kV cm−1. The fitting is done by considering T (P4mm), O (Amm2), and R (R3m) phases. The corresponding refined
parameters (χ2, Rwp, and % phase fractions) are displayed on the right side of the figure. The red circles, black lines, and blue lines
represent the measured and fitted data and their difference to XRD data, respectively. The green line symbols represent the peak
positions.
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PV materials among the existing perovskite ferroelectric
systems [6–8,27,39,40].

A similar anomalous PV response observed in
BTO [27], LNO [2], BBLT [8], and KBNNO [16] is
attributed to the consequence of the shift-current phe-
nomenon. In the shift-current mechanism, the driving force
for carrier separation is coherent evolution of the electron
and hole wave functions, which leads to the rapid propaga-
tion of carriers to the electrodes by minimizing the oppor-
tunity for energy losses and thereby giving a high VOC [12].
Interestingly, the dependence of BPVE on the crystal struc-
ture, more precisely on the electronic structure, within the
framework of shift-current theory has been elucidated by
Wang and Rappe [18]. Their shift-current response and
the calculated Glass coefficient in KNO at its different
crystallographic phases revealed the dominance of the PV
response in the R and O phases as compared to the T
phase. Note that the evolution of structural phases under
electric field-poling conditions in the morphotropic sam-
ple is well reported by many others [24–26]. In particular,
the BZT-BCT sample is reported to show the transforma-
tion of a substantial fraction of the T phase into the R and
O phases upon poling [24]. In fact, such a field-induced
phase transformation is responsible for the large piezo-
electric coefficient observed in BZT-BCT ceramic. Earlier
reports on a large PV response in lanthanum-modified PZT
near the MPB composition suggests that the difference in
coexisting structural phases could play a major role in
their PV response [19]. Additionally, the Schottky bar-
rier formed at the metal/ferroelectric interface in a thin
film could also play a significant role in the PV response.
This effect is well established in Pt/BFO/SrRuO3 thin-film
capacitor structures where polarization-modulated carrier
injection at the interface is responsible for the photore-
sponse mimicking the polarization hysteresis loop behav-
ior [41]. Similarly, the ferroelectric hysteretic PV behavior
in Bi2FeCrO6, which has recently been reported, can be
used to develop the ferroelectric based solar cells [42].
However, the observed large PV response in a BZT-BCT
sample over the BTO sample, despite both showing similar
ferroelectric characteristics, indicates that the polarization
and carrier injection at the interface layer alone is not
responsible for such a large above band-gap PV response.
In this context, to understand the effect of structural trans-
formation due to poling on the PV effect, it would be
interesting to carry out poling-dependent PV studies.

Hence, the PV measurements are performed on BZT-
BCT samples poled at 5, 10, 20, 30, and 40 kV cm−1,
respectively. The resultant J -V plots are shown in Fig. 2(b).
The obtained VOC and J SC plotted as a function of the pol-
ing field in Fig. 2(d) exhibit dramatic enhancement in the
PV response where the VOC changes from 7 to 18.4 V for
the change in poling fields from 5 to 40 kV cm−1, respec-
tively. The plots of VOC measured as a function of time
under a light illumination condition shows a well-saturated

value as shown in Fig. S3 of the Supplemental Mate-
rial [32].

To quantify the transformed phases upon poling, XRD
patterns are recorded on BZT-BCT samples subjected to
0, 10, 20, 30, and 40 kV cm−1 fields and the resultant
plots are provided in Fig. S4 of the Supplemental Mate-
rial [32]. Prior to the XRD measurements, the poled pellets
are made into powder form to avoid the preferred orienta-
tion effect [24,26]. The patterns are refined using FULLPROF
software and the best fit is achieved by considering the T,
O, and R phases together. The complete refined parameters
are given in Tables S1–S5 of the Supplemental Material
for samples poled at 0, 10, 20, 30, and 40 kV cm−1 fields,
respectively [32].

To realize the phase evolution, the refined XRD profile
patterns for the three significant pseudocubic peaks, such
as {200}pc, {220}pc, and {222}pc of samples poled at 0, 20,
and 40 kV cm−1 fields are shown in Fig. 3 along with the
goodness of fit (χ2), weighted profile R factor (Rwp), and
% of phase fraction extracted from the refinement. [Note
that the Rietveld refinement is carried out by including
both Kα1 and Kα2 wavelengths]. The refinement confirms
that the T phase with approximately 74% phase fraction
is dominating over the O (approximately 20%) and R

(a)

(b)

(c)

(d)

FIG. 4. The evolution of (a) the % of O and R phase fractions,
(b) the % of T phase fraction, (c) Pr, and (d) VOC as a function of
poling field.
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(approximately 6%) phases at the unpoled state. However,
these phases undergo transformation due to poling. As a
result, the O and R phases’ fractions increase with poling
at the expense of the T phase and the resultant evolutions
of the phase fractions are shown in Figs. 4(a) and 4(b).
The remnant polarization (Pr) and VOC are also plotted
as a function of the poling field in Figs. 4(c) and 4(d).
Notably, the figure reveals that the variation of VOC with
poling field exhibits a remarkable similarity with O and
R phase evolutions and this confirms the structural cor-
relation with the photoresponse. On the other hand, the
observed substantial increment in VOC (5–18.4 V) while
changing the poling field from 5 to 40 kV cm−1 could
not be directly corroborated with the nominal change in
remnant polarization Pr (4.5–5.9 μC cm−2) displayed at the
same field range [see Fig. 4(c)]. These findings demon-
strate that although polarization may play a role in PV
response at a low electric field, the major contribution is

attributed to the preferable structural symmetry and the
associated electronic properties. This can be established
well by band-structure calculations for different coexisting
phases via DFT.

C. DFT band structure and effective mass analysis

To probe how the symmetry breaking affects the elec-
tronic structure and, in turn, changes the PV response, we
have carried out DFT calculations (details are given in the
computational section) on the T, O, and R phases of the
BZT-BCT compound. Figure 5 shows the band structure as
well as the projected density of states (PDOS) and charge
density contours to highlight the orbital composition in
the vicinity of the CBM. The band structure reveals that
the lower lying conduction band and upper lying valence
bands are comparatively more dispersive in the T phase.
However, due to the symmetry reason, these bands are

FIG. 5. (left panel) The band structure for the different phases of BZT-BCT with space group of P4mm (T), Amm2 (O), and R3m (R).
(middle panel) Ti-d partial densities of states and (right panel) the charge density in the vicinity of CBM for the T, O, and R phases.
The mixing of the dxy and dxz/yz orbitals in the R and O phases is evident compared to the well-separated dxy and dxz/yz states in the
T phase. These are reflected in the CBM charge density of the corresponding phases. The delocalization and reorientation of charge
density in R and O phases favors a high PV response.
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FIG. 6. The band dispersion of
the T, O, and R phases of BZT-
BCT around band extrema and
along the z direction. The weakly
dispersed band for both CBM and
VBM of the T phase will lead to
larger electron and hole effective
masses, respectively, thus lower-
ing the mobility of the photo-
excited charge carriers along the
z direction. However, both CBM
and VBM of the R and O phases
are highly dispersive, indicating
a reduction in the hole and elec-
tron effective masses. This sub-
stantially increases the mobility of
charge carrier along the z direc-
tion.

nondispersive along the z direction (i.e., along �–Z) for
the T phase. From the projected DOS and charge densities,
we find that, in this case, the CBM are occupied by the
antibonding Ti−dxy states while the dxz/yz orbitals occupy
at a higher energy, resulting in the splitting of the dxy and
dxz/yz orbitals.

However, in both the O and R phases, due to a change
in the crystal field, there is a larger hybridization among
the dxy , and dxz/yz orbitals, leading to a mixing of these
orbital characters in the CBM. Such a mixing of orbitals
is also clearly evident in corresponding CBM charge den-
sities. The band dispersions along the �–Z confirms the
hybridization of these orbitals. According to shift current
theory, if the CBM is more occupied by z axis-oriented
orbitals (e.g., dxz, dyz, dz2−1) and is very much delocalized
due to stronger covalent interaction along the polarization
direction (along the z axis), then the shift current response
is high and a large BPVE is observed [8,13,14,18,43].
Therefore, the PV response is enhanced in both the O and
R phases compared to that of the T phase. These results are
in good agreement with our experimental observations.

Additionally, the important dynamical factor, which
will affect the PV response of the material, is the
mobility of the photogenerated charge carriers. In
general, a higher mobility denotes suppression of

TABLE I. The m∗
e and m∗

h of BZT-BCT for different phases.

Phase Effective mass (mo) x y z

T m∗
e 0.165 0.590 3.258

m∗
h −0.271 −0.979 −8.703

R m∗
e 0.338 0.200 0.221

m∗
h −0.463 −0.294 −0.394

O m∗
e 0.166 0.321 0.285

m∗
h −0.253 −0.467 −0.480

charge-carrier recombination and hence enhances the PV
response [44]. The effective mass is defined as 1/m∗ =
1/h2(∂2En(k)/∂2kikj ) where i, j = x, y, z of the charge
carriers and is inversely proportional to its mobility. Mate-
rials with a lighter effective mass and hence higher mobil-
ity are preferred for better PV response [44]. The effective
masses are highly anisotropic due to direction-dependent
band dispersion in k space.

In a ferroelectric material such as BTO, the effective
mass along the z direction (along the direction of current
flow) is important for better PV response. Figure 6 shows
the band dispersion of T, O, and R phases centering on
CBM and VBM along the z direction in the reciprocal
space. The flat CBM dispersion for the T phase compared
to highly dispersive bands for the O and R phases suggests
low electron effective masses for both R and O phases.
The calculated effective mass values for all three phases
are given in Table I. Note that the calculations done on
bulk BTO show that the effective mass for the T phase is
in agreement with already reported theoretical and exper-
imental results [33]. In the T phase of BZT-BCT, since
electron charge density is delocalized along the x and y
directions (Fig. 5), the effective mass is 3.25 mo (where
mo is the mass of electron) for electrons in the z direc-
tion, which is much larger compared to that in the x and
y directions (see Table I). However, for O and R phases,
the effective mass along the z direction is around one order
lower than that of the corresponding T phases (see Table I).
From Table I and Fig. S5 within the Supplemental Mate-
rial [32], we observe a similar trend for the hole effective
mass as well. Hence, both R and O phases should show
better PV responses compared to that of the T phase.

D. Photocurrent response

The BPVE of the BZT-BCT sample shows a unique cur-
rent behavior upon light in the on and off states. The J SC
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(a) (b) FIG. 7. (a) The sharp photo cur-
rent responses of BZT-BCT com-
pound at different poling fields
and (b) the schematically shown
pyroelectric and steady-state pho-
tocurrent nature, with light in the
on and off states in photovoltaic
measurement.

vs time plot, shown in Fig. 7(a) for samples poled at dif-
ferent fields, reveals a jump in current when the light is
on followed by a decreasing trend until reaching a steady
state. A similar but reversed trend is observed when the
light is in the off state and the current decays to zero
after some time. Note that the generated current is a cou-
pled phenomenon involving pyroelectric and photovoltaic
currents [45], where the former is responsible for the ini-
tial current’s shoot up and down during on and off states
and the latter for the steady-state current as shown in the
schematic in Fig. 7(b). The existence of a space charge
and the related pyroelectric current contribution to the pho-
tocurrent in a BTO crystal, even above Curie temperature,
is established by Chynoweth [45]. The pyrocurrent contri-
bution decreases with an increase in the poling field and
vanishes at the highest poling field [the inset of Fig. 7(a)].
Overall, the current on and off measurements on the BZT-
BCT sample poled under different fields elucidate the roles
of space charge and polarization field.

IV. CONCLUSION

In summary, we discover a large photogenerated electric
field (368 V cm−1) in BZT-BCT ferroelectric ceramic. The
XRD analysis on the samples reveals the structural trans-
formation of the T phase into O and R phases upon electric
poling. In addition to this structural transformation, the
increase in poling field demonstrates a systematic increase
in VOC, which implies the strong correlation between the
structural phase transformation and PV response. These
experimental results establish the fact that R and O sym-
metries are favorable for enhanced PV characteristics in
BZT-BCT samples. The DFT calculations on this system
predict that although CBM is composed of Ti t2g (dxy , dyz,
and dxz) states, in general, the variation in the individual
orbital contributions in forming the CBM makes the dif-
ference. Specifically, for the O and R phases, the dyz and
dxz orbitals contributions are substantial enough to gen-
erate a large BPVE. Furthermore, the reduced effective
mass along the direction of polarization for the O and R
phases suggests that the states around the Fermi energy

are more delocalized and hence, reduce the charge recom-
bination rate, which is responsible for the achieved high
PV response. Overall, the established giant photovoltaic
response in the BZT-BCT system and its structural cor-
relation point toward an alternative direction to achieve a
high PV response and enable its applications in devices
such as an UV detector, a photo-driven micro-sensor, a
microactuator, and so on.
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