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light. [ 3–9 ]  The photoresponse of ferroelec-
tric materials is primarily determined by 
its polarization state, the Schottky barriers 
at interfaces and the concomitant built-in 
electric fi elds, and the so-called bulk pho-
tovoltaic effect (BPE), which is related to 
the noncentrosymmetric character of the 
ferroelectric materials. [ 10,11 ]  Assuming an 
homogeneous llumination, the charge-
draining electric fi eld can be either gen-
erated by a built-in potential steaming 
from: differences between the work func-
tions of electrodes, polarization gradients, 
or asymmetric distribution of defects, all 
of them being also at the origin of the 
so-called imprint electric fi eld ( E  imp ), or 
due to unscreened polarization and the 
concomitant depolarizing electric fi eld 

( E  dep ). [ 5,12–17 ]  Alternatively, it is known [ 18 ]  and recently reported 
in thin fi lms, [ 19 ]  that ferroelectrics may display BPE because, 
even in absence of any built-in electric fi eld  E  imp  or  E  dep , photo-
carriers are asymmetrically scattered and generate a net charge 
fl ow. [ 11,13,14 ]  

 Exhaustive studies have been done in order to infer the cor-
relation between  E  imp  or  E  dep  electric fi eld and the generated 
photocurrent. [ 5,12–16 ]  However, the relation between them and 
the generated photocurrent remains unclear because separa-
tion of both contributions is challenging. Indeed, confl icting 
results are found on the literature where  E  imp , [ 12,13 ]   E  dep , [ 6,20,21 ]  
or both [ 22,23 ]  are claimed to be the driving force for observed 
photo current. On the other hand, the time response of photo-
currents in photoferroelectrics is primarily dictated by the gen-
eration and recombination rates of photocarriers, which give 
rise to transient responses, typically in the ms range, which 
we call here “steady” photoresponse because the equilibrium 
state is reached fast. [ 24–26 ]  However, in some cases, transient 
photoresponses with intriguing orders of magnitude slower 
responses, ranging from few seconds to thousands of seconds, 
of undisclosed origin, have been reported. [ 6,13,21,27–32 ]  In the pre-
sent article, we disentangle the contributions of  E  imp  and  E  dep  to 
the short-circuit photocurrent measured in BaTiO 3  (BTO) thin 
fi lms, and we show that transient or steady photocurrent can 
be selectively obtained. A simple contact confi guration, which 
can be generalized to any ferroelectric thin fi lm, allows us to 
distinguish between  E  imp  and  E  dep  contributions to the photo-
current. It turns out that the ultimate parameter determining 
the photocurrent (magnitude and sign) is the depolarizing fi eld. 
This allows univocally inferring the polar state of the layer from 
the measured photocurrent. We also show that by selecting the 

  1.     Introduction 

 In semiconductors, the absorption of a photon of suitable 
energy can generate an electron–hole (e-h) pair. To electrically 
detect the e-h pair it is necessary to split it and drain the elec-
tron and hole charges thus generating current (so-called photo-
current) that is proportional to the number of photogenerated 
carriers. Drain can occur due to the presence of an internal 
electric fi eld. Ferroelectrics have recently attracted a renewed 
interest due to the observation of above-bandgap open cir-
cuit photovoltage, [ 1,2 ]  or signifi cant changes of their transport 
properties driven by the ferroelectric polarization state or 
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surface by RF-sputtering, by using a mask allowing to deposit 
about 100 contacts simultaneously. See the Experimental Sec-
tion for details. 

 In  Figure    1  a,b, we show the two different contact confi gura-
tions used for electric measurements, that we named bottom-
top (b-t) and top-top (t-t), respectively. In the b-t confi guration 
(Figure  1 a) the Pt top electrode is contacted and the bottom 
LSMO electrode is grounded. This contact confi guration cor-
responds to a single capacitor with asymmetric electrodes (Pt 
and LSMO). The positive sign of the current (labeled “ j ” in 
Figure  1 a,b) is defi ned by the fl ow of positive carriers from Pt 
to LSMO (grounded), as indicated by the arrow in Figure  1 a. 
In the t-t confi guration (Figure  1 b), two top Pt electrodes are 
contacted, resulting in a nominally symmetric contact con-
fi guration. In this t-t confi guration one of the Pt electrodes is 

appropriate contact confi guration: asymmetric or symmetric, 
on the very same fi lm, steady or transient photoresponses can 
be selectively obtained. We argue that this dramatic difference 
is determined by asymmetric Schottky barriers. Possible impli-
cations for data writing and reading in ferroelectric memories 
are addressed.  

  2.     Results 

 BaTiO 3 (150 nm)/La 2/3 Sr 1/3 MnO 3 (50 nm) (LSMO) bilayers were 
grown in a single process by pulsed laser deposition on (001) 
SrTiO 3  (STO) substrates. After cooling down to room tempera-
ture, 20 nm thick platinum top electrodes of 60 × 60 µm 2  sepa-
rated each by about 15 µm, were deposited ex situ on the BTO 
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 Figure 1.    a,b) Electric contacts confi guration used for a) b-t and b) t-t measurements. Arrows indicate the positive sign of the current. Blue shadowed 
region indicate the illuminated region. c,d) Dynamic ferroelectric hysteresis  P-E  loops recorded in dark at 200 Hz for c) b-t and d) t-t confi gurations. 
Sketched are the relations between applied voltage and ferroelectric polarization direction for both confi gurations. e,f) Ferroelectric retention measure-
ments obtained after prepoling (with “positive” or “negative” voltage pulses, as labeled in the fi gure) the sample in a given direction and measuring 
the switchable charge, after a delay time  τ  FE . Red arrows indicate the ferroelectric polarization direction.



minor residual  E  imp  on  P r   is evidenced by the slightly negative 
 P r   observed at  τ  FE  ≈ 10 4  s, irrespectively on the initial poling 
direction. One notices in Figure  1 f that  P r   at  τ  FE  ≈ 10 3  s, is 
reduced by 50% compared to the initial value. Therefore, in t-t 
confi guration the polarization decays faster than in b-t, where, 
as mentioned,  P r   is reduced by less than 50% at 10 4  s. 

 In  Figure    2  , we show the dependence on time ( t ) and illu-
mination delay time ( τ  light ) of the short-circuit photocurrent  j ( t , 
 τ  light ) for both contact confi gurations. Short-circuit photocur-
rent is measured for various  τ  light  (from 10 s up to 2 h) after a 
prepoling voltage pulse (a triangular pulse up to ±400 kV cm −1  
applied for 2.5 ms). 

  Figure  2 a,c displays the  j ( t ,  τ  light ) data collected for confi gura-
tion b-t after negative and positive poling pulses, respectively. 
It is observed that when light is switched on, indicated by the 
small red arrows in the fi gures, the current gradually increases 
until reaching a steady state that persists during illumination 
and only washes out after switching off the illumination. This 
photoresponse is similar to that observed in  pn  junctions. A 
striking observation is the fact that, irrespectively on the poling 
voltage sign, the photocurrent is always positive. 

 In Figure  2 b,d, we show the corresponding data recorded 
in t-t confi guration after positive and negative voltage poling, 
respectively. In a back-to-back confi guration of two identical 
photodiodes, a negligible photoresponse should be expected, 
because both photodiode contributions would cancel out. Here, 
a radically different photocurrent response is observed indi-
cating that the switchable polarization throughout the t-t con-
fi guration rather than the contact asymmetry, for example, is 
the driving force for the observed effects. Indeed, the sign of 
 j ( t ,  τ  light ) is always dictated by the poling direction and reverses 
when reversing the poling voltage. Here,  j  max  is also found 
to be dependent on  τ  light , but in sharp contrast with the pho-
toresponse of b-t, in t-t confi guration the photocurrent rapidly 
decays with time during illumination and it displays a change 
of sign at longer times. On the other hand, we have observed 
that BPE does not play a major role on the measured photore-
sponse [ 11 ]  of our layers because we have observed that the open-
circuit voltage is much smaller than the BTO bandgap and that 
the photocurrent  j ( t, τ  light ) measured in similarly grown but 
thicker fi lms, is reduced (not shown). 

 The fi rst insight into the distinct photoresponse behavior 
of the same fi lm under different contact confi gurations can 
be obtained from the comparison of the photocurrent data 
(Figure  2 a–d) and the retention experiments (Figure  1 e,f). It is 
obvious that the sign of  j ( t ,  τ  light ) univocally depends on the sign 
of the polarization. To emphasize this observation we include 
in Figure  2 a–d big red arrows indicating the direction of the 
observed polarization. 

 We turn now toward the observed time-dependencies of 
 j ( t ,  τ  light ). In Figure  2 e,f we plot  j  max  versus  τ  light  for both con-
tact confi gurations. First, we note that in b-t measurements 
(Figure  2 e), the extrapolated time  τ  light  to reach about 50% of 
 j  max  is much longer than 10 4  s whereas in the t-t (Figure  2 f), 
it is shorter than 10 3  s. A similarly different time-depend-
ence was already observed in the retention measurements of 
Figure  1 e,f. Indeed, if one compares Figure  1 e,f and Figure  2 e,f, 
their resemblance is rather impressive (except for the opposite 
sign). Therefore, one can conclude that there is an intimate 

grounded and the other is contacted. As before, positive current 
implies positive charges fl owing toward the ground (arrow in 
Figure  1 b). 

  The  P - E  loops recorded for both confi gurations are shown in 
Figure  1 c,d. In b-t confi guration (Figure  1 c) a positive or nega-
tive voltage applied between top-Pt and bottom-LSMO results 
in saturated polarization pointing toward LSMO or Pt, respec-
tively, as sketched in the insets of the Figure  1 c. In t-t confi gu-
ration (Figure  1 d) a positive voltage applied between two top 
adjacent Pt electrodes produces a pointing-down polarization 
( P  > 0) in the capacitor where positive voltage is applied and 
pointing-up polarization ( P  < 0) in the grounded capacitor, and 
vice versa when the polarity of the poling fi eld is reversed, as 
sketched in the insets of the Figure  1 d. From now on, positive 
poling indicates a positive voltage applied to the non-grounded 
electrode. 

 Comparison of  P-E  data in Figure  1 c,d reveals the profound 
impact of the contact confi guration on the measured polariza-
tion loops. In Figure  1 c, it is obvious that the  P-E  loop recorded 
in b-t confi guration is shifted toward the right, revealing the 
presence of large imprint ( E  imp  ≈ −150 kV cm −1 ). Notice that 
 E  imp  < 0 implies that  E  imp  points from LSMO toward Pt. The 
opening of the branches of the  P ( E ) at negative voltages (at 
about −300 kV cm −1 ) is a signature of leakage, whereas the 
aperture of the loop at the largest positive voltages is conse-
quence of the nonsaturation of the fi lm. [ 33–35 ]  In the t-t con-
fi guration (Figure  1 d), the almost symmetric  P-E  loop indicates 
that  E  imp  is virtually absent and thus it can only play a marginal 
role. This does not imply that  E  imp  has disappeared, but that its 
strength is overruled by the series connection of ferroelectric 
capacitors. Indeed, if in t-t confi guration  E  imp  would act, head-
to-head and tail-to-tail ferroelectric capacitors, short-circuited 
via the common bottom electrode, would occur with a concomi-
tant large electrostatic energy payload. Note also here the aper-
ture of the  P - E  loops, near the highest applied voltage, due to 
the leakage current. 

 The presence of  E  imp  and  E  dep  is well visible in the retention 
measurements displayed in Figure  1 e,f, where we show the 
remnant polarization ( P r   ) as a function of delay time between 
the prepoling pulse and the measurement pulse ( τ  FE ). For b-t 
confi guration (Figure  1 e),  P r   is found to be very similar irre-
spective on the sign of the prepoling pulse (positive or nega-
tive). Indeed, right at the very fi rst measurement ( τ  FE  = 10 s), 
the polarization is already around −10 µC cm −2 , irrespectively 
of the sign of the prepoling voltage. This is the consequence of 
the presence of  E  imp  that produces a back-switch of the ferro-
electric polarization after a short time (<10 s) towards the most 
stable confi guration ( P  pointing up). Moreover, one can observe 
in Figure  1 e that there is a gradual decrease of the absolute  P r   
with  τ  FE : more than 50% of the initial polarization ( τ  FE  ≈ 10 s) is 
retained after  τ  FE  ≈ 10 4  s. This observation signals the presence 
of the coexisting depolarizing fi eld  E  dep . 

 In the t-t confi guration, it can be clearly appreciated 
(Figure  1 f) that the sign of the remnant polarization is dic-
tated by the sign of the poling fi eld; this is fully consistent with 
the observed symmetric  P - E  loops (Figure  1 d) and the corre-
sponding virtual absence of  E  imp . In contrast, the presence of 
 E  dep  is more visible, being responsible for the gradual loss of 
polarization with time. In this t-t confi guration, the effect of a 



relationship between the polarization retention and the meas-
ured short-circuit photocurrent. 

 On the other hand, it is well-visible that when using t-t con-
fi guration, the measured photocurrent has a time dependence 
that is strikingly different from that of photoactive structures 
based on semiconducting materials. Just after switching on the 
illumination, the current rapidly rises up to  j  max  and it gradu-
ally decreases (roughly by 50% in 1–3 s) until reaching a steady 
state. We also note that the current density at the maximum 
 j  max  lowers with increasing  τ  light , roughly by 50% at 10 min 
(≈10 3  s). We stress that the time constant of the measuring 
circuit is much shorter (≈10 µs), thus implying that the meas-
ured  j ( t ) in both confi gurations is a genuine photoresponse. 
However, it does not result from the  E  dep  identifi ed in polariza-
tion measurements, as shown by data in Figure  1 e,f, because 
the depolarization time is several orders of magnitude longer. 
The dependence of  j  max  on  τ  light  and the physics of the transient 
peak [ j ( t )] will be discussed below. Before proceeding with this 
discussion, we strength here that the observed photocurrent is 

a genuine photovoltaic effect rather than a spurious photore-
sponse, that could be originated by an inhomogeneous illu-
mination or pyrocurrents. We performed similar experiments 
using laser of similar power but with photons of lower energy 
(green) and no photoresponse was observed (Figure S1, Sup-
porting Information).  

  3.     Discussion 

 Now we discuss: (i) the fact that the sign of  P r   determines  j  max , 
(ii) the correlation between the magnitude of both parameters,
and (iii) the distinct time dependence of the photocurrent  j ( t ) 
depending on the measurement confi guration. Regarding
point (i), we fi rst note that that the sign of the generated photo-
current is at odds with the sign of the ferroelectric  E  imp . Indeed, 
as mentioned above, in b-t confi guration the  E  imp  points from
bottom LSMO toward top Pt, and thus, if  E  imp  was relevant,
the photocurrent should have fl owed in the same direction in
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 Figure 2.    Time dependence of short-circuit photocurrent for different illumination delay times ( τ  light  = 10 s, 1, 5, 10, 30, 60, and 120 min). a,c) Data 
collected for b-t confi guration after a positive and negative prepoling, respectively. b,d) Data collected for t-t confi guration after a positive and negative 
prepoling. The big red arrows indicate the majority polarization direction. e,f) Dependencies of the maximum photocurrent ( j  max ) on  τ  light  for b-t and 
t-t confi gurations, respectively.



the measuring circuit (Figure  1 a), that is: negative, according 
to the used sign convention (see the sketches in Figures S2.1 
and S2.2, Supporting Information). This is contrary to the 
observations (Figure  2 a,c). Therefore, we disregard a deter-
minant role of  E  imp  on the measured photoresponse. Instead, 
the direction of  j  max  is highly correlated with  P r   as inferred 
from the close similarity between the time dependence of the 
polarization retention  P r  ( τ  FE ) (Figure  1 e,f) and the dependence 
of  j  max  on  τ  light  (Figure  2 e,f); this observation prompts a more 
detailed consideration. In  Figure    3  a,b we plot the depend-
ence of  j  max ( τ  light ) on  P r  ( τ  FE ) extracted from Figure  1 e,f and 
Figure  2 e,f, for both confi gurations. From Figure  3 a, where 
data for b-t are plotted, the narrow range of  P r   variation experi-
mentally accessible does not allow extracting any relevant con-
clusion on the impact of  P r   on  j  max . However, for t-t, as shown 
in Figure  3 b,  j  max  versus  P r   data display a remarkably simple 
linear dependence over a wide range of  P r   values, including its 
change of sign. This linear relation can result from the pres-
ence of  E  dep , i.e.,  j  =  σ E  dep , where fi lm conductivity  σ  contains 
the photoinduced carrier density; the depolarizing fi eld  E  dep  is 

proportional to  P r  . It is known that depE
Pα
ε

= − , [ 36,37 ]  where  ε  

is the dielectric permittivity of the ferroelectric and  α  accounts 

for the fraction of the unscreened polarization; therefore, 

j P
σα
ε

= − . On the other hand, it is known that in defective fer-

roelectric thin fi lms, a fraction of ferroelectric domains could 
be pinned and not switchable (or harder to switch) under the 
application of an electric fi eld. [ 38,39 ]  Therefore, at remanence 

pinP P Pr= + , where  P r   accounts for the switchable polarization 
and  P  pin  for the pinned polarization. It results that  j  must show 
a linear dependence on  P r   as follows:

pinj P Pr
σα
ε

σα
ε

= − − (1)

    For simplicity we have assumed in Equation  ( 1)   that the 
permittivity and conductivity of pinned and switchable fer-
roelectric domains are identical. Therefore, being  j  max  ∝  j , 
Equation  ( 1)   predicts a linear  j  max ( P r  ) dependence as observed 
(Figure  3 b). Accordingly, data of Figure  3 b have been fi tted 
to the Equation  ( 1)  . Using the conductance of our fi lm 
 σ  ≈ 1.5 × 10 −4  µS cm −1 , extracted from the slope of  j – E  char-
acteristic under the used illumination (Figure S3, Supporting 
Information) and  ε  ≈ 300  ε  0 , extracted from the saturated 
 P-E  loops recorded (t-t confi guration) under illumination
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 Figure 3.    Dependence of the maximum of the photocurrent on the remnant polarization determined from ferroelectric and photocurrent 
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short-circuit photocurrent measurements shown in Figure  2  with a delay time of 10 s for different polarization states and different contact confi gura-
tions, as indicated. d)  P-E  loops recorded in b-t (upper panel) and t-t (bottom panel) at 200 Hz in dark and under illumination.



 Some  j  max  data points in Figure  3 b, corre-
sponding to the largest negative polarization, 
do not follow the predicted linear depend-
ence. Within the scope of the model derived 
above, this implies that for this negative 
polarization the screening is less effi cient. 
A possible reason could be that the available 
charges for screening are fewer and, accord-
ingly,  E  dep  increases. We have observed a 
similar linear  j  max ( P r  ) dependence and we 
have obtained similar  α  values in other 
STO/LSMO/BTO samples grown and con-
tacted alike, see Figure S5 of the Supporting 
Information. 

 Finally, we focus on the time dependence of the photocur-
rent observed in t-t and b-t confi gurations. In Figure  3 c, we plot 
the time dependence of the charge that has fl owed through the 
circuit normalized to the contact area ( Q / A ) obtained by inte-
grating the photocurrent, at  τ  light  = 10 s, measured for t-t and 
b-t confi gurations (from Figure  2 a–d). It is observed that for
b-t, the charge that has circulated increases linearly during illu-
mination and only stops increasing when light is switched off.
This effect obviously results from the fact that the photocurrent
is virtually constant during illumination (Figure  2 a,c) and thus
there is not upper bound for the total amount of fl owing charge.
In the t-t measurement, in contrast, the integrated charge does
not grow anymore after a few seconds, in spite of the sample
being still illuminated. The integrated charge is bounded by
≈+20 and −10 µC cm −2 . To understand this distinct response,
 P-E  loops have been recorded in both confi gurations in dark
and under illumination (Figure  3 d). It can be observed that in
b-t (Figure  3 d (upper panel)) the  P-E  loop recorded under light
overlaps the one recorded in dark. In contrast, in t-t (Figure  3 d
(bottom panel)) the loop recorded under illumination shows
a reduction of the remnant polarization by Δ P  = 20 µC cm −2 . 
This value coincides with the upper limit of  Q / A  (time) shown
in Figure  3 c. This observation strongly indicates that in t-t con-
fi guration the photogenerated charges screen the polarization,
as reported in earlier by Dimos and Warren [ 40–44 ]  and Land and
Peercy [ 32,45–48 ]  in BTO and in doped PZT, respectively. At this
point it may be worth to recall that Wurfel and Batra, [ 49 ]  in their
pioneering work on depolarizing fi elds, reported the opposite
effect, that is an increase of polarization under illumination
in metal/ferroelectric/semiconductor structures, which was
attributed to photoinduced increase of carriers in the semicon-
ductor electrode. The observed time scale for the transient pho-
tocurrent (few seconds), that is the time scale to built a space
charge compensating the depolarizing fi eld, is orders of mag-
nitude shorter than the carrier drift time  τ d  . Indeed, for BTO,
assuming a mobility  µ n   ≈ 1 cm 2  Vs −1 ,  E  dep  ≈ 2.3 kV cm −1  and an
electrode-to-electrode distance of about 15 µm, it turns out that
 τ d   < 0.1 µs. This characteristic time is obviously much shorter
than the one observed here (few seconds). These observations,

which are in agreement with the reported time-dependence of 
photoinduced changes of surface potential in BTO crystals, [ 28,29 ]  
suggest that low-mobility charged species could be involved in 
the polarization screening process. 

 In short, both in b-t and t-t confi gurations the photocurrent 
is dictated by the polarization and the accompanying depolar-
izing fi eld. The radical difference being that, under suitable 
illumination, in t-t the photocurrent charges are limited by the 
ferroelectric polarization whereas in b-t photocarriers are con-
tinuously generated and leave the sample. A schematic view 
of the charge distribution and electron energy representing 
the situation of distinct electrodes (b-t) (Pt/BTO/LSMO) and 
identical (t-t) (Pt/BTO/Pt) electrodes is shown in  Figure    4  a,b, 
respectively. The sketch is made under the assumption that 
BTO is an n-type semiconductor, [ 50 ]  which can be related to the 
presence of oxygen vacancies, and a certain  E  dep  exists across 
the BTO fi lm. The nature of the screening charges carriers at 
BTO/Pt interface cannot be safely inferred from the available 
data. The space charge regions at each interface are schemati-
cally indicated (shadowed regions). 

  The situation of asymmetric interfaces (b-t) is depicted 
in Figure  4 a. We assume the Schottky barrier at the LSMO 
interfaces to be smaller than at the Pt side. This situation is 
analogous to that found in Nb:STO/BTO/Pt [ 51 ]  where Nb:STO 
plays a similar role than LSMO here. This is consistent with 
the measured  j – E  curves that show a rectifying diode-like 
behavior characteristic of a metal/n-type semiconductor junc-
tion and displaying a larger conductance for a positive biased 
Pt electrode (Figure S6, Supporting Information). In the sym-
metric electrode structure (t-t case sketched in Figure  4 b, 
where the contribution of the LSMO bottom electrode has 
been neglected) we notice that, even when the system is poled, 
the Schottky barrier height and the space charge width at each 
interface differ and these asymmetries change when reversing 
the polarization direction. Here both Schottky barriers at the 
interfaces act as blocking layers. Upon illumination pho-
togenerated electron-hole pairs will be driven toward the fer-
roelectric surface by  E  dep . As a consequence, the screening-
charge distribution in the electrodes will be modifi ed and the 
corresponding excess charge will fl ow from one electrode to 
the other across the measuring circuit. After some transient 
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 Figure 4.    Sketch of the electronic energy band diagram in: a) asymmetric b-t and b) symmetric 
t-t confi gurations. Shadowed regions correspond to the space charge regions at each interface. 
The arrows indicate the trajectory of a photogenerated electron, fl owing through the circuit in 
a) b-t and being blocked at the interface in b) t-t. The blue dashed lines indicate the fl attening
of the electronic energy band because of the total screening of  P r  . The LSMO electrode is not 
included in b) because, being more conductive than the Pt/BTO interface, it does not play a 
relevant role. For simplicity, only photogenerated electrons are depicted and holes are omitted.
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fi eld at the interface and  W  0  the zero-fi eld Schottky barrier. It 
follows that if  E A   increases the barrier height decreases. It is 
well known [ 52–54 ]  that at interfaces between dielectrics and elec-
trodes, the electric fi eld can be much enhanced, particularly for 
defective dielectrics, being this enhancement more pronounced 
for relatively thick fi lms. [ 52 ]  Therefore, it is easily conceivable 
that the BTO/LSMO interface, with BTO fi lm ex professo made 
defective, could have a depressed barrier height. The observa-
tion of an imprint fi eld at the BTO/LSMO interface pointing 
away from LSMO could also contribute to reduce any built-in 
potential at this interface. 

 Photoexcitation across the bandgap should create electron–
hole pairs. In the description made above, for simplicity the 
focus has been put on the photogenerated electron, neglecting 
the role of holes. Holes would contribute also to screen the 
polarization. Their inclusion would not modify the picture we 
build. However, minority carriers are expected to have a smaller 
mobility and contribute less to the observed photocurrent.  

  4.     Conclusion 

 Summarizing, we have used symmetric and asymmetric con-
tact confi gurations in metal/ferroelectric/metal structures to 
disentangle the distinct role of imprint and depolarizing fi elds 
in the observed photoresponse. It is concluded that  E  dep  is 
the actual driving fi eld for the generated photocurrent which, 
accordingly, reverses its direction if the polarization is reversed 
irrespectively on an eventual presence of  E  imp  which only 
imposes the direction of the polarization. Whereas the effect of 
the depolarizing fi eld on the photocurrent magnitude and direc-
tion is found to be similar irrespectively on the contact confi gu-
ration, dramatic differences are found in their time-dependent 
photoresponses. In presence of imprint, steady photo currents 
are observed under suitable illumination, whereas transient 
photo currents are generated in absence of an imprint. We have 
argued that this distinct behavior is controlled by the Schottky 
barriers at the electrodes, which thus offer a simple way to 
tune the fi lm photoresponse. The observed univocal relation 
between photocurrent and polarization and its tuning by close-
to-bandgap light exposure, in simple ferroelectric layers, may 
favor exploitation in optical writing and reading of ferroelectric 

memories. Indeed, pioneering attempts [ 41,55 ]  to write polariza-
tion information used voltage biasing during illumination. The 
observed relevant role of the Schottky barrier demands further 
study of these effects with experiments involving electrodes 
with different conductors or controlled doping levels that can 
lead to enhanced responses. On the other hand, sensing polari-
zation direction by photocurrents, demands that the electric 
fi eld driving photogenerated carriers shall be ruled by depo-
larizing fi eld rather than other nonpolarization dependent 
sources. [ 20 ]  Here, we have shown that the contact confi guration 
used allow to simultaneously alleviate these requirements in a 
simple way.  

  5.     Experimental Section 
 BaTiO 3 (150 nm)/La 2/3 Sr 1/3 MnO 3 (50 nm) bilayers were grown in a 
single process by pulsed laser deposition on (001) SrTiO 3  substrates 
using a quadrupled Q-Switched Nd:YAG laser ( λ  = 266 nm) with a 
fl uence of 1.3 J cm −2  for LSMO deposition process and 0.4 J cm −2  for 
BTO deposition process and a repetition rate of 2 Hz. LSMO fi lms 
were grown at a deposition temperature of 730 °C and an oxygen 
pressure of 0.22 Torr. The subsequent growth of BTO, performed at 
640 °C and with an oxygen pressure of 0.02 Torr, was followed by 
30 min annealing at 600 °C in a high oxygen pressure (760 Torr). 
After cooling down to room temperature, 20 nm thick platinum top 
electrodes of 60 × 60 µm 2  separated each by about 15 µm, were 
deposited ex situ on the BTO surface by RF-sputtering, by using a 
mask allowing to deposit about 100 contacts simultaneously. X-ray 
diffraction experiments showed that the LSMO layer is epitaxial 
and fully strained whereas the BTO layer shows an elongated  c -axis 
parameter with a near relaxed in-plane cell parameter (Figure S7, 
Supporting Information) as expected for a 150 nm BaTiO 3  fi lm. Growth 
conditions have been selected to induce a signifi cant expansion of the 
out-of-plane cell parameter, commonly associated to the presence of 
oxygen-stoichiometry defi cit. [ 56 ]  

 Ferroelectric measurements were performed using a planar capacitor 
confi guration. The polarization was evaluated by measuring the dynamic 
 P-E  hysteresis loops using a TFAnalyzer2000 (aixACCT Systems GmbH). 
Retention measurements were performed by poling the sample in a given 
direction with a triangular pulse of ±400 kV cm −1  applied for 2.5 ms,
to saturate it, and measuring the remnant polarization, using an
identical pulse in the opposite direction, after a delay time ( τ  FE ) ranging 
from 10 to 10 4  s. The latter pulse switches the remnant polarization
that is determined integrating the current through the measuring
circuit. Further details on measurement protocols can be found in ref.
 [ 57 ] . As commonly observed when using ex situ grown metal electrodes,
 E  imp  and  E  dep  are found to be somehow depending on the particular
contact (or pair of contacts) considered. We have tested many of them
and selected the ones in which the effects of  E  imp  on ferroelectric
measurements are more apparent (in b-t confi guration) and negligible
(in t-t confi guration).

 Short-circuit photocurrent was measured by illuminating the STO/
LSMO/BTO sample with blue laser of wavelength 405 nm feed by a 
CPX400SA DC power source (AimTTi Co.). Photoinduced current  j ( t ,  τ  light ) 
has been monitored as a function of time ( t ) and the time elapsed 
between ferroelectric (positive and negative) poling and switching on 
the illumination ( τ  light ). We strength here that the used photons (blue; 
3.06 eV) are of sub-bandgap energy (3.3 eV for BTO [ 58 ] .). It is known 
that oxygen defi ciencies (or other point defects) in BaTiO 3  introduce 
donor states, either shallow or deep [ 59–61 ]  in the bandgap and thus a 
signifi cant photon absorption, even for sub-bandgap incoming photons, 
can be anticipated. [ 60,62,63 ]  Indeed, light absorption experiments reveal 
an enhanced absorption at 3.06 eV (Figure S8, Supporting Information). 
The spot diameter is of 200 µm, safely illuminating homogeneously two 
adjacent electrodes, as sketched in Figure  1 b.  

time, the situation will end up with: the total screening of  P r   
and the concomitant suppression of  E  dep , the fl attening of the 
electron energy band (as indicated by the dashed band in the 
sketch of Figure  4 b), and the suppression of the photocurrent. 
This total screening implies that the charge fl ow in the cir-
cuit will be limited by  P r  , i.e.,  Q / A  ≤ P r  . This limit is indeed 
observed when photocurrent is measured in the t-t confi gura-
tion (Figure  3 c). 

 Before concluding we wish to comment on the assumption 
that the effective height of the Schottky barrier at the BTO/
LSMO interface is relatively small and rather conducting. Car-
rier injection across Schottky barriers at high temperature, is 
commonly determined by thermionic injection, a process in 
which charges are thermally activated over an effective inter-
face barrier of energy  W B  ( V A  ), where  V A   is the voltage across 
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