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Asymmetric metal—ferroelectric—metd@IFM) structures were manufactured by sol—gel deposition

of a lead zirconate-titanatéPZT with Zr/Ti ratio 65/35 film on Pt-coated Si, with a Au top
electrode. The average remnant polarization gi@cn? and the coercive field of 39 kV/cm were
obtained from the hysteresis loop measurements. A detailed analysis of the polarization—electric
field (P—E), capacitance—voltageC~V), and current—voltage | €V) measurement results
allowed us to estimate the near-electrode space-charge region thickmeghkly half of the film
thickness at zero voltagenet doping concentratiofaround 16® cm™3), built-in potential(in the
0.4-0.8 V range, depending on the injecting electypdrd dynamic dielectric consta(g.2). The
current logarithm—voltage dependence for the field-enhanced Schottky emission obeys a “1/4” law.
The spectral distribution of the short circuit current measured under continuous light illumination in
the 290—-800 nm range exhibits a cutoff wavelength at 370 nm and a maximum sensitivity at about
340 nm. The estimated band-gap energy of the PZT material is 3.35 eV. The MFM structure is
discussed in terms of two back-to-back Schottky diodes with a ferroelectric material in between. It
is concluded that the semiconductor properties of the films are not negligible and, in certain
conditions, are dominating over the ferroelectric ones. 2@3 American Institute of Physics.
[DOI: 10.1063/1.1562009

I. INTRODUCTION capacitance—voltageC~V), and current—voltage | £V)
measurements are necessary in order to reveal the presence
Ferroelectric thin films, especially of lead titanate- of space-charge regioffSCR and to elucidate the problem
zirconate] Pb(Zr, Ti; ) O3] solid solutionsknown as PZJ,  of conduction mechanisms in PZT thin films.
have been of great interest in the last decade for their appli- |t seems likely that the semiconductor character of PZT
cations in electronic devices, such as nonvolatile memoriesould be no longer neglected in such applications. The band
infrared sensors, optical shutters, modulators€té vari- gap of PZT-type materials is rather large, around 3.2-3.7
ety of techniques has been proposed to fabricate PZT filmsg\v2-14 However, the inevitable presence of defects acting
such as metallorganic chemical vapor deposittidi©OCVD),  as doping centres makes its semiconductor properties impor-
sputtering, sol—gel, and pulsed laser ablatiBhD). Among  tant for the electrical and optical processes in PZT-based
them, the sol—gel method is the most popular because of itstructures. The interplay between the ferroelectric and semi-
low cost and easy application to the PZT sysfefihe  conductor properties seems to be crucial for deciding if a
method is well developed and can be used to prepare gogaizT film is good for a certain application or not. In the case
perovskite films at low temperatures. A large number of studpf memory applications, the requirements include high rem-
ies have been dedicated to the investigation of the Structur%ant polarization’ low coercive field a”owing Operation at
electric, ferroelectric and photoelectric properties of PZT|q voltages, good square hysteresis loop, short switching
thin films*~® Depending on the target application of the film, times, good retention, and fatigue properties. They corre-
the interest was focused on one property or another. For eXpond to a material with very good ferroelectric properties.
ample, in the case of films for memory applications, the in-op, the other hand, large leakage current, large concentration
terest was focused on polarization retention, imprint, and fagf gefects acting as trapping centers and the presence of
tigue, with the aim to elucidate the mechanisms involved ingchottky barriers at contacts are more characteristic to a
these phenomeria.nternal electric fields developed by semiconductor material. These properties can interfere with
cha_lrged defects near the electrodeg or in the film volume argoelectric ones making the film useless for memory appli-
believed to play an important role in these phenom@ - cations. The same is valid for other applications, for ex-
Thus, correlated  polarization—electric  field PXE),  ample, for light detection. If the film has good polarization
properties, low dielectric constant, and high pyroelectric co-
dElectronic mail:  iulian@fisica.uminho.pt efficient, it could be useful for pyroelectric detection in the
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infrared(IR) domain of the spectrurt:1®If the film exhibits
good photoconductivity or photovoltaic effe@lmost inher-
ent in the presence of internal electric figldg could be
useful as detector material for the ultraviol&tV) spectral
region!’ Therefore, both the semiconductor and ferroelectric
properties of PZT films should be thoroughly investigated
prior to deciding what type of application the studied mate-
rial is good for.

In this article, we report on the electric, ferroelectric, and
photoelectric properties of sol—gel-grown PZT films with
65/35 value of Zr/Ti ratio. This composition lies in the rhom- [ e
bohedral part of the PbZra PbTiO; system phase diagram 40 50 60 70
and has been less studied than those near the morphotropic 20 (°)
phase boundary. We analyze our experimental results in
terms of existing models for ferroelectfic and  FIG. 1. XRD pattern of a ferroelectric PZT 65/35 thin film deposited by
semiconductd? materials. It will be shown that the semi- sol—gel. The asterix indicates characteristic peaks of perovskite phase.
conductor or ferroelectric properties are dominant depending
on whether the electric field applied to the sample is continu-
ous (dc) or alternating(ac). Il RESULTS

*(111)

Pt substrate

Intensity (a.u.)

Routile

%*(110)

(100)
Pt substrate

L« (2]1)

N
o
w
o

A. Structural and morphological properties

Il. EXPERIMENTAL DETAILS The x-ray diffraction spectrunfFig. 1) of as-deposited
films presents intense peaks of the perovskite rhombohedral
The PZT thin films were prepared using lead acetatephase, with preferred orientation in th&L1) direction. This
zirconium-tetran-butoxide and titanium-tetra-isopropoxide conclusion was deducted analyzing the peak intensities. The
as precursors. 2-metoxyethanol was used as solvent. The mgreferential growth in th¢111) direction is due to the plati-
lar ratio of Zr/Ti was 65/35 and a 5% excess of the |eadnum substrate, as was suggested in literatbifEhe X-ray
precursor was added to the solution to compensate the definalysis also proves the absence of secondary phases such as
ciency in lead concentration and to assist the crystallizationgyrochlore. This conclusion is supported by the fact that the
Si/SiG, /TiO, /Pt wafers were used as substrates. The cryspnly peaks occurring in the spectrum correspond to rhombo-
tallization was performed by conventional thermal annealinchedral perovskite phase, to the platinum substrate, and to the
at 650 °C, for 60 min in air. More details about the deposi-routil (TiO,) layer. The last one was deposited on top of the

tion process are given in Ref. 12. The final metal/sj0,/Si substrate in order to increase the platinum adher-
ferroelectric/metalMFM) structure was obtained by evapo- ence.
ration of semitransparent gold top electro@50 um in
diametey using a shadow mask. Note that the structure is ) _ )
asymmetric in terms of electrodes, the bottom one is platiB- Ferroelectric and electrical properties
num and the top electrode is gold. An interfacial layer could A typical P—E hysteresis loop of one of our films is
form at the interface with Pt electrode during crystallizationshown in Fig. 2. This curve was obtained by processing the
annealing, altering the properties of the PZT fiifrf* recorded experimental data and taking into account that the
The crystalline structure of the PZT film was analyzedcharge collected from the reference capacitor in the Sawyer—
by x-ray diffraction(XRD) using CuK « radiation. Thd =V Tower setup is, in fact, proportional to the electric displace-
characteristics were recorded using a computer controllecghentD, according to the following equation:
Keithley 617 electrometer with a 100 V dc built-in voltage B
source. Prior to thé—V measurement the film was poled by ~ 0~ 0erE+ Ps, @
applying a voltage oft5 V for several minutes. During the wherePg is the spontaneous polarizatidathe applied elec-
| -V measurements the voltage was varied in steps of 50 m\yic field, ande, the dielectric constant of the ferroelectric
with a delay time of 30 s before current readings. Almostfilm. This quantity derives from the linear part of polariza-
steady-state currents were measured this way, with no sidion response to applied electric field. It can be determined
nificant difference between two orientations of ferroelectricfrom capacitance measurements performed either on fresh
polarization. The polarity of the applied voltage was consid-samplegnot subjected to a poling procedueg zero dc elec-
ered with respect of the goldop) electrode. Th&€—V mea- tric field (and using a low amplitude ac test figldr after
surements were performed using a HP 4280OR bridge, at  saturating the spontaneous polarization. In the latter case, the
100 kHz and with a 0.2 V amplitude ac signal. TRe-E polarization increases linearly with a further increase of the
curves were measured at 100 kHz using a modified Sawyerapplied electric field? The static dielectric constant, is
Tower circuit. Finally, the photoelectric measurements wereround 475 in our films. The value of the electric displace-
performed using a computer-controlled setup consisting of anent was obtained by dividing the recorded scope voltage
grating monochromator Spex 270M and a 500 W Xe arq V) by the sample electrode aré® and multiplying by the
lamp as light source. The generated photocurrent was meaeference capacitandg, (i.e., D=VCy/A). Then Pg was
sured with the Keithley 617 electrometer. extracted according to Eql).
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FIG. 2. Polarization vs electric field hysteresis loop of a Au/gar3g/Pt ~ FIG. 3. C-V curves for Au/PZT65/35/Pt capacitori(a) with squares, as
capacitor structure. The important values for remnant polarization and coefesulted fromC—V measurementéopen squares, the applied voltage was
cive field are:P;' =10.8uClcn?; P, =7.4uClcn?; E} =35kV/icm; and swiped down; solid squares, the applied voltage was swipgd(bpWith

E.=43kV/cm. The average values are®,=9.2uClcn? and E, triangles, as derived frofd —E measurements using E@) (open triangles,
=139 kV/em. the applied voltage was swiped down; solid triangles, the applied voltage
was swiped up

For the hysteresis loop of Fig. 2, the average remnant
polarizationP, is about 9uC/cn? and the average coercive has been assumed that the film is uniform &nV/d. The
field E. is approximately 39 kV/cm. The latter is quite a low capacitance calculated using H@) is presented in Fig. 3,
value for PZT films. As it can be seen from Fig. 2, the hys-curve (b). It can be seen from Fig. 3 th&@p_g is much
teresis curve is asymmetric both along the field and polarizalarger than the directly measured capacitance. Again, this
tion axes. The negative coercive field is slightly higher thanfact can be understood if we assume that there are SCRs near
the positive one, which suggests the presence of some intefh€ metallic contacts, which considerably shrink the part of
nal bias due to different electrode interfaddifferent work  the film behaving as a normal ferroelectric, in which polar-
functions, probably different densities of interface states actization reversal is possible.
ing as trap}523 In addition, the positive value d?r is |arger The presence of the SCR in the MFM structures lead us
than the negative one. The polarization shift was reported 0 the idea of considering these structures as two back-to-
the so-called “graded ferroelectricd* but in our case of back Schottky contacts, with a ferroelectric layer between
homogeneous film this shift could be related also to the electhem. For sufficiently higtipositive or negativevoltages the

trode asymmetr§? C-V curves should be similar to those of a Schottky diode.
The C—V curve of the same film is presented in Fig. 3, The latter is described by the following relatih:

curve (a). It has a typical “butterfly” shape, with two 1 2 KT

maxima, which should correspond to the coercive field 2= W( +Vpi— F , 3

values?® Thus, if the voltage difference between the maxima
is divided by the film thickness, then roughly twice the valuewhereC is the measured capacitansg,; the built-in voltage
of the coercive field should be obtained. This gives a coerand N, the acceptor concentration, or more accurate, net
cive field of about 18.5 kV/cm, which is much lower than space-charge concentratiok;is Boltzma’s constantT is
that obtained from th@—E curve. At this point, it is worth  temperature; and is elementary charge. TheT/q term is
noting that theC—V curve is measured applying a dc bias usually neglected compared Yo+ Vy;. The 1C? vs V plots
(the ac testing signal is smallwhich means that space- for the capacitance measuredGn-V experiments are repre-
charge regions may develop near the contacts and follow thgented in Fig. 4, from which the net doping concentration
bias even if the kinetics of this process is slow. If this hap-can be calculated and, from the intercept on the voltage axis,
pens, the internal electric field present in SCR can impeda rough estimation of the built-in potential can be made. The
the polarization reversal. Thus, the film thickness acting as s&alues obtained for the effective doping and built-in voltage
real ferroelectric should be considerably reduced. We willVy; at room temperature are given in Table |. We emphasize
return to this point in the next section. here that these are only rough estimations. The different val-

The capacitance variation with changing the appliedues obtained for up and down voltage sweeping are due to
voltage can also be obtained by deriving fheE (dielectric  the polarization hysteresis and asymmetric electrodes.
displacement versus electric figldurve,

d d
CD—EE%: %"‘Co- 2 '
During thel -V measurements, the voltage polarity was

In Eq.(2), Qp=DA, Qp=PA, Cy=¢pe,Ald, Aisthe con- defined with respect to the top electrode A representative
tact area, and the total thickness of the ferroelectric film. It current-voltage curve is shown in Fig. G logarithmic

C. Current—voltage characteristics
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FIG. 4. 12 vsV plot of theC—V curve of Fig. 3a) Open markers, voltage

sweep down. Solid markers, voltage sweep up. FIG. 5. Current—voltage characteristics of an Au/R@¥35/Pt MFM struc-
ture.

scalg. It is not symmetric, due to the electrode asymmetry,
and is similar to those reported in the literafireor MFM (which is the case of platinumone may expect an accumu-

structures. lation of holes at the interface. However, the presence of
surfacel/interface states acting as trapping centers can induce
D. Photoelectric characterization a depletion region near electrod@s! It is assumed that

such depleted regions are present at both electrode interfaces
_(see Fig. 7. When a voltage is applied on the structure the

nating through the top electrode. The measured siguted- depletion region width will increase near the reverse biased
tocurrenj was normalized to the spectral distribution of the elect_rode and will ?e(_:reass ne:;: the otE_er one, eéelr":tuaklly
lamp. The latter one was obtained using a photomultiplier,‘z""lsSIng tc.)” abccumu auor;).. o(lng ﬁ’.l spﬁa mg, one C'IIOtk; y
thus the normalized curves are given in arbitrary units an(?ontacé V;'_ %re:'erse— |aseh while t. e ot erbon_e V(\j” f €

are shown in Fig. 6. They display a sensitivity maximum at orward biased. However, the capacitance obtained from

approximately 340 nm for all the values of applied voItage.C_V measurements is determined by the SCR capacitance

Similar spectral distributions have been reported for pzT.at the reverse biased interfade series with that of the rest

type material$® These results are presented and discussed i%f tge film still beh?w?r? Iggs ferroeiefctl?c. ItT1 the gaﬁe of f
the end of the next section. —E measurements, the cannot follow the variation o

the ac-applied field because of the low mobility of holes in

perovskite® and large emission time constants for active
IV. DISCUSSION traps at room temperature, so the depletion SCR may not
A. Ferroelectric and electrical properties form at all. In such a situation, we assume that the MFM

. . structure acts as a single capacitor filled with the ferroelectric
The directly measured value of the capacitance of the 9 P

structure,Cc_y, is much lower than that obtained from the material[see £q.2)]
hysteresis loop through E@2). For instance, aPs=0 and
E=E; (where the maximum of th&€-V curve occurs

The spectral dependence of the photoconducti(ft§)
was studied for several values of applied voltage by illumi

Cc_v=1.21 nF andCp_g=4.2 nF. As mentioned in the pre- af
vious section, this can be understood by admitting the exis- ’3‘ 10 ]
tence of a SCR near at least one of the contacts, depending g of
on the polarity of applied bias. The following discussion is \_; 10 1
based on the assumption that the PZT filmpigype and c sl
behaves like a normal semicondudtdif the work function - 107F
of the metal electrode it is slightly larger than that of PZT 3 105;
N E
© i
TABLE I. Acceptor concentratioh, and built-in voltageVy, obtained from g 107k
C—-V measurements. (=]
i -8 1 . 1 N ! 3. 1 N 1 : 1 N
NA(X 10 cm?) Vu(V) 10300 400 500 600 700 800 900
V+ (down) 117 0.45 Wavelength (nm)
V+ (up) 1.04 0.74
V— (down) 1.17 0.42 FIG. 6. Spectral distribution of the photoconductivity of a Au/Rg37
V— (up 1.05 0.82 35)/Pt structure with semitransparent top gold electrqdg:+1 V; (2) —1

V; and (3) short circuit.
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FIG. 8. D—E hysteresis loop obtained by integrating theV curve of Fig.

FIG. 7. Schematic band diagram of Au4PZT/Pt. (a) virgin sample(no 3 according to Eq(2).

polarization; (b) positive voltage appliedic) zero voltage(remnant polar-
ization); and (d) negative voltage applied. The corresponding points on the
hysteresis loop are indicated in Fig. 8. The notations are uEigak Fermi

level; Ey is the valance band maximurrb,g is the potential barrier at the half of the film thicknes$280 nm). With these numbers, the
metal-ferroelectric interfacey), is the built-in potential in a as-deposited . . ’
sample;V,; is the built-in potential in a poled sample; an@ is the barrier coercive field calculated from th€—V curve becomes ap-
lowering due to Schottky effect. proximately 40 kV/cm, a value that is quite close to that
obtained from theD —E measurements. On the other hand,
using the average values fbi, andVy,;, the depletion layer
When the SCR is formed, only the part of the film out- width at the same voltage can be computed using the follow-
side this region behaves as a normal ferroelectric, meaniniglg formula®®
that polarization reversal is possible. In this case the film can >
.. . i . . . . . Ep€y
be divided in two parts: one in which polarization is locked w= 1/ (V+Vp)). (5)
(polarization reversal is not possible due to the internal field AaNa
of SCR and one in which polarization reversal is still pos- A value of about 176 nm is obtained from E®). The dif-
sible. The equivalent capacitance of the structure obtained iference can be attributed to the influence of the interface/

the (point-by-poin} C—V measurements is given by surface states, which was neglected in our simplified analysis

wi1-L of two back-to-back Schottky contacts. This influence was

Cce_v=|Cslrt CBEE( 1- q , (4)  implicitly included in the calculation based on the measured
values.

where Cscr=goe,A/W is the capacitance of the depletion Further evidence of the fact that the ferroelectric film
region andw is the SCR thickness for a Schottky contitit ~ behaves differently when subjected to ac or dc electric fields
has to be noted that, when computi@scg, a field- can be obtained by integrating ti@-V curve. It has been
independent dielectric constant was assumed, while the fielalaimed that, by applying this procedure, the hysteresis curve
dependent dielectric constant should be considered for thean be reconstructéd>® The result of such integration is
capacitance of that part of the film still behaving aspresented in Fig. 8. We remind that the charge density ob-
ferroelectric®® For w approachingd and/or for large values tained from aC—V curve (A~ 1fCdV) is not the polarization
of Cp_g the second term in the brackets in E¢) can be but rather the electric displacemedt according to Egs(1)
neglected. This means that, for a bias higher than approxiand (2). The integration was performed considering that the
mately 0.6 V, theC—V measurements yield essentially the entire film behaves like a normal ferroelectric, and the elec-
capacitance of the reverse-biased contact. This justifies theic field was computed accordingly. It can be noticed that
use of Eq.(3) for obtaining the values presented in Table I. the integration produces a very small value of the charge
The finite barrier height obtained suggests the Fermi-levetiensity atE=0, about 0.15.C/cn?. The saturation value is
pinning and the existence of a depletion layer at zero biasalso smaller comparing with Fig. 2. The huge difference can
Due to the different metal electrodes and different annealindpe explained if we consider that the polarization value de-
sequences they were subjected to, the capacitance values fmends on the amount of charge available for compensating
two SCRs are slightly different. This asymmetry is neglectedhe depolarization field. It can be assumed that in case of the
in Fig. 7, which shows how the MFM band diagram is modi- D—E measurementgac electric fieldl the compensation is
fied when the bias is changing adiabatically. assured by the free charge from the electrodes. In the case of
Taking the maximum value fo€._y (1.21 nF, at about C-V measurementsdc electric fields it seems that the
0.6 V), the Cp_g value at the same voltagd®.6 nF from compensating charge is not enough to obtain the same value
curve (b) in Fig. 3] and considering a dielectric constant of of polarization. The part of the film still behaving as a nor-
475, the thickness of the depletion layers can be estimated. #al ferroelectric is separated from compensation charges in
value of approximately 145 nm was obtained, which is abouthe metal by the SCR at least at one electrode, no matter the
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voltage is positive or negative. The film is similar to a
metal—ferroelectric—semiconductor structure, in which the
semiconductor has the same composition as the ferroelectric.
In this case the polarization value accommodates to the low- & .
est available compensation charge that is to the charge from
semiconductor. Another fact that could impede to obtain the
same polarization values in the case of Fig. 2 and Fig. 8 is
the opposite direction of the electric field in the SCR with
respect to the applied field. To have an idea, the electric field
in the SCR could be as large as 100 kV/cm, for a voltage of
1V and using the values from Table I. Thus, the polarization
in the SCR could be in the opposite direction than in the rest
of the film. Moreover, there can exist a polarization gradient
in the SCR due to the position-dependent field in this
region®*% Due to all these facts the polarization value can
not be the same iD—E and C—V measurements. Another
severe discrepancy is concerning the value of the coercive
field obtained from Fig. 8. This is much smaller even than
the 18.5 kV/cm estimated directly fro@—V measurements.
The reconstruction oP—E loop from the simple integration

of C-V curve, considering that the entire film behaves like a
normal ferroelectric, can lead to wrong results when there is
evidence for the presence of SCRs. However, it can be a
correct procedure when the SCR influence is negligible.

Ln(J) (A/em

)

«~

Ln(J) (A/em

B. Conductivity mechanisms -33 0.9 1.0 1i1 1.2 13

Several conduction mechanisms have been reported for (Vv )™
MFM structures, including the field enhanced Schottky emis-
sion (SE) from the electrodes; Pool—Frenkel emission fromFIG_._Q. Logarithmic _plot of the current intensity versug#V,)Y* for
traps(PP; Fowler—Nordheim tunnelingFN); space-charge- positive &) and negativeb) voltages.
limited currents(SCLC), and Ohmic conductivitﬂr? The lat-
ter usually occurs in low fields. For higher fields, the con-ith w given by Eq.(5). Thus, the current—voltage charac-

duction mechanism can be controlled by interfalee SE gyisic is described by an expression of the form:
and FN or bulk (PF and SCLE phenomena. The SE or

FN-type conduction is strongly dependent on the electrode N J=const- b(V+ V)™, 8
properties and can be considered as an electrode-controllgghere
injection. 3
. . N 1/4
As it has been stated in Sec. IllB, the MFM structure | _ i( a"Na ) )
can be represented by two back-to-back Schottky diodes. Ac- KT\ 8m2ede]

cordingly, the current, for any polarity, is limited by the
reverse-biased diode, where the hélather than electrogn
injection from the metal occu?$® into the depletion layer

The experimental —V characteristics were fitted using Eq.
(8) with the values ofVy; and N, obtained from theC-V
measurementésee Table )l and the dynamic dielectric con-

of th_e film (see Fig. . At_a_flmte temperature, even f_or !OW stant was treated as adjustable parameter. The best fit, in the
applied voitageg=1 V), it is due to the thermal emission, 0.05-1.75 V range, is presented in Fig. 9 for both positive

which depends on the applied voltage because of the IMagehq negative branches. It can he seen from the figure that the
4E Some remarks are necessary concerning the fitted values
— AKX T2 _ 0_
J=A*T exp{ q(CDB \/47780%) / kT
ages, respectively. Recently, a complex model of the MFM
dynamic dielectric constant of the ferroelectric film, @d ) near the metallic electrode, with a large concentration of

force effect of lowering the barrier heiglidlso known as “1/4 law” (8) is obeyed, which proves that the model is
, (6) of e4, which are 5.2 and 2.6 for the positiygold electrode

whereJ is the current density\* the Richardson constant, g cture was proposed, called the “Matterhorn pictuté.”

the electric field at the top of the barrier, which can be eStiTrapped chargéaround 16° cm~3) and large electric field.

iecinnl9
Schottky emissio) qualitatively correct.
depletion and negativeplatinum electrode depletigrvolt-
O . .
dg the barrier for the holes from the metal sidg, the  According to this model, there is a very thin regi¢s10

mated as This layer is much thinner than the depletion SCR and is
probably responsible for the pinning of the Fermi level at the

E= qNa w, ) metal-PZT interface. The injected carriers are strongly ac-
€0€d celerated in this region, so, their transit time is short in com-
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parison with the period of the long-wavelength optical pho-V. CONCLUDING REMARKS

non. Thus, there should be no lattice screening of the image ) ) ) )

force produced by the injected carrier, which is responsible We_studled the elect_rlcal, ferroelectric and photoelectric

for the barrier lowering resulting in the “1/4 law(8). Con- properties of sol-gel derived Au—PZT65/35-Pt MFM struc-
L2 . . tures. Our results allow for the following conclusions:

sequentlyzq appearing in EqS6)—~(9) is probably the opti- (i) The ferroelectric films grown by sol-gel show rea-

cal dielectric constant., which is equal to the squared 9 y 9

fractive ind f th terial in the t afi sonably good ferroelectric properties, with relatively low
refractive index o g’_[‘}i‘f“a I e transparency ralg€ —ajyes of the coercive field. This can be an advantage for a
the 2.2—3.2 domajn?>~**38The difference in the values of

e ) - o~ memory cell based on this material because of low values of
the refractive index obtained from the fitting for positive and i, operation voltage.

negative voltage&.3 and 1.6, respectivelgan be attributed (i) The comparative analysis of the—E and C—V
to the different temperature of fabrication of two electrodes measurement results shows that, in case of high ac fields and
While Pt electrode could interact with PZT giving rise to an high frequencies, the ferroelectric properties are dominant,
interface layer with different composition, thus with different while in case of dc voltages the semiconductor properties of
properties;>?! no such mixing should be expected at thethe ferroelectric film are more important. By this, we mean
AU/PZT interface. the formation of space charge regions near the electrodes,
Returning to the current—voltage characteristics, tunnelwith the size comparable to the total thickness of the film.
ing can occur at higher voltage values due to the electric fieldhe presence of the SCRs does alter the effective ferroelec-
penetration in the metal electrod®#bove 2 V for the posi-  tric properties of the film, in particular, the remnant polariza-
tive branch and 4 V for the negative one, the current througfion value.

the MFM structure began to be unstable, so, no reliable mea- (i) The -V characteristics are consistent with the in-
surement was possible. This could be due to a timeterface controlled conduction mechanisms, namely Schottky

dependent dielectric breakdown. emission for intermediate voltages and possible tunneling for
_ _ higher voltages. This is in agreement with t@e-V results

C. Photoelectric properties showing the presence of Schottky barriers at both contacts.
The PC spectruntFig. 6) shows a pronounced sensitiv- 1 N€ results support partial depletion for our PZT65/35 film

ity maximum at a wavelength of approximately 340 nm. Thisincluded in MFM structures. _

corresponds to the energy of 3.64 eV. The threshold wave- (iv) The values obtained for the acceptor concentration,

length(the wavelength for which the PC signal is 10% of its buikt-in poten_tlal and dynamlc_ dlelec_trlc constant are in

maximum) is approximately 370 nm, giving an energy of agreement with those reported in the literature.

3.35 eV. In a good crystalline semiconductor, this latter value (v) The studied material shows good photoelectric prop-

should be considered as the band-gap energy, while the P%tles n the UV range, Wl.th a maximum sen3|t|V|ty at 34.0
: _ nm. This makes it interesting for UV photoconductive solid
peak energy is usually determined by the balance betwe

. “Hetectors.
the number of photogenerated carriers and the rate of their These results imply that the interference between the

surface recombinatioff. This is a smaller value compared t0 gomiconductor and ferroelectric properties should be care-
the band gap energf8.75 eV} obtained in our previous iy studied and considered when device applications of
papef® from the optical absorption spectra of similar PZT pzT.pased structures are concerned. For usual semiconduc-
films. This discrepancy can be attributed to the presence abr materials, a rigorous control of the growth and impurities
tails of the density of states in the gap due to the polycryscomposition is standard and indispensable for obtaining good
talinity of the film** Our PC results imply that some of these performance devices. In the case of ferroelectric films, such a
tail states are delocalized. rigorous control probably has been achieved in terms of the

There is a second broad PC maximum at about 700 nrgrowth but not regarding the impurities, which are uninten-
(Fig. 6). The energy of this maximum is 1.77 eV and ap-tionally present in the film. That may lead to different results
proximately corresponds to the half of the band-gap energylepending on the starting precursors purity, deposition tech-
It can be assumed that there is a quasicontinuous distributiomque and post-deposition annealing. Thus, our opinion is
of electronic states near the middle of the gap, which act athat the same technological rules as for semiconductors
trapping/recombination centers. The presence of such staté§ould be applied to ferroelectrics if good quality and repro-
within the forbidden band is very plausible in polycrystalline ducible devices are desired.
films, and they have been observed in the absorption
spectra®
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