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The leakage current behavior of the BaBb,O4 (BBN) thin films was investigated over a wide
range of temperatures. The current density, calculated from current—voltagg ¢haracteristics at

room temperature, was 4.820 ° A/cm? at an electric field of X10° V/m. The -V
characteristics of the films showed ohmic behavior for electric field strength lower than 1 MV/m.
Nonlinearity in the current density—voltagé<V) behavior was observed at an electric field above

1 MV/m. Different conduction mechanisms were brought into picture to explain |thé
characteristics of BBN thin films. Thé—V behavior of BBN thin films was found to follow the
Lampert’s theory of space charge limited conduction in an insulator with traps. Three different
regions, i.e., ohmic, trap filled limited, Child’s law were explicitly observed#V characteristics.

The activation energies in the ohmic region calculated from the Arrhenius plot were 0.46, 0.48, and
0.51 eV, respectively. These energies were attributed to the shallow traps, distributed near the
conduction band edge in the forbidden gap of the materials.

I. INTRODUCTION age current behavior of pulsed laser ablated BsBjOq

_ (BBN) thin films and to find a particular mechanism suitable
Bi-layered structure compounds have been found to beoy explaining the present data.

the most suitable alternative material for Pb(ZrT§)®ZT)
because of thglr fatigue free behavior in o_lata storage dewceﬁ: EXPERIMENT
e.g., nonvolatile random access memories, smart card, etc.
The performance of the data storage devices depends on their The BBN thin films were deposited by a Lambda Physik
ability to retain the stored charge of the active materials(KrF) excimer laser X=248 nm) on a platinum coated sili-
which store the information in terms of char¥arious is-  con substrate. The frequency and the energy fluence of the
sues such as polarization switching, fatigue and imprint havéaser beam during deposition was kept at 5 Hz and 42)/cm
been extensively investigated for many ferroelectric materirespectively. The distance between the target and the sub-
als before integrating them onto the integrated circuit. An-strate was maintained at 3 cm. Prior to the deposition process
other significant feature, which is of crucial importance forthe base pressure was brought down to<110° Torr. The
the quality and reliability of the ferroelectric devices, is low substrate temperature during deposition was maintained at
leakage current. Particularly for thin films, where a nominal400 °C. A relatively high oxygen pressu(@00—250 mTory
voltage across the sample produces a very high electric fieldyas used to maintain compatibility between the number of
the mechanism of charge transport becomes very compliexygen molecules impinging on the substrate surface per
cated. In addition to electrical measurements all the dielectritinit time in this range of pressure and ablated ions/atoms
measurements are concerned with the movement of tharriving from the target per second. The as-deposited films
charge, dc conductiono() must appear in the dielectric re- were annealed at different temperatuf@s0—750 °C for 30
sults because the measuring instrument cannot discriminatein in a quartz tube furnace under flowing oxygen. The crys-
between true dielectric response and that combined with d@llographic structure of the film and the target were con-
contribution. The study of the conduction mechanism mayfirmed by x-ray diffraction using CK, radiation. A semi-
help in resolving these components. Several types of conducantitative analysis of the film composition was performed
tion mechanism including Poole—Frenkel emission, spac®y energy-dispersive analysis of x rays. Gold top electrodes
charge limited current, and Schottky barrier limited conduc-of 1000 A thickness were deposited at room temperature by
tion mostly in PZT thin films have been addressed in thea thermal evaporation process through a shadow mask of
literature?~” But in the case of the Bi-layered structure com-area 1.96 10 2 cn®. The thickness of the film was con-
pounds, which are also considered as a potential candidafémed using an optical spectrometgilmetrics F-20 thin-
for data storage devices, the leakage current behavior has nigtn measurement systemThe thickness of films varied
been well studied. Our intention is to elucidate the true leakfrom 0.2 to 0.9um. Details of structural and dielectric prop-
erties of BBN thin films are available elsewhé&The leak-
| A . . age current characteristics of BBN thin films were studied
ectronic mail: apurba@mrc.iisc.ernet.in . . . .
bAuthor to whom correspondence should be addressed; electronic maiSiNg @ Keithley 236 source measure unit at various tempera-
sbk@mrc.iisc.ermet.in tures after stabilizing the temperature for 10 min prior to
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FIG. 1. Room temperature-V characteristics of BBN thin films with dif-  FIG. 2. Current—time I(-t) response at different temperature with a con-
ferent delay times. stant bias.

each measurement. All the measurements were taken under a
step voltage of 0.1 V and delay time of 100 ms.
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I1l. RESULTS AND DISCUSSION 213y .
where A= (4menm*k“/h°) is the Richardson constant, and

When a voltage is applied to the ferroelectric capacitord, is the barrier height generated due to the work function
the current flowing through the external circuits compriseddifference between metal and insulator. B

of two components: polarization contribution and leakage= (e®/4mreqe,)?, wheree, is the high frequency dielectric
contribution. The polarization current shows a transient beconstantg is the free space permittivity is the Boltzmann
havior until a certain time and might contribute to the overallconstanth is the Plank constantn* is the effective mass of
response of current—voltage<V) behavior if the measure- the electron, andt is the electric field across the film.

ments are taken within the transient time. To perceive any To verify the Schottky dominated conduction in BBN
interference of the transient response into the measured valtigin films, we plotted)/T? versusE? in the semilog scale,
we performed thé—V measurement at different delay times, which was supposed to be a straight line. The Schottky plot
as shown in Fig. 1. The results did not show any significanfor BBN thin films is shown in Fig. &), where nonlinearity
change, confirming that the experimentally measured currenyas observed at the high fie{d-40 kV/cm) region. So, con-
for 100 ms delay times was the true leakage behavior of theentrating only in the lower field region, where the curves

sample. This was once again confirmed fromIth¢ behav-  seemed to be a straight line, the high frequency dielectric
ior (Fig. 2 at constant voltage and different temperatures.

The | -t response was started from 0.1 s because of experi-
mental limitation. The nature of the curve clearly indicates
that the time domain, which was used fbrV measure-
ments, was beyond the transient regime of our sample.
Therefore we can conclude that theV response was the
true leakage behavior of the BBN sample. Dietz and Waser
did a detailed analysis of transient response and leakage cur-
rent of dielectric thin films® The leakage current behavior
of the BBN thin films is shown in Fig. 3. At the low field
region the current density—voltagd-<V) characteristics are
ohmic in nature. Different conduction mechanisms, e.g.,
Schottky’* Poole—Frenkel? and space charge limited
conductio® were verified to explain the true nature of
charge transport phenomena in BBN thin films.

Schottky emission mechanism is an electrode limited
conduction, where the entire leakage current is dominated by p 5 ;
the Schottky barrier generated at the interface of the elec- 10 10 10
trode and film. The electrode-limited current densigo VoItage(Volt)
called Schottky curreptupon application of the electric field
behaves according to the following equation: FIG. 3. |-V characteristics of BBN thin films at different temperatures.
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FIG. 4. (a) Schottky plot for BBN thin films at various temperatutb) J/T? vs E¥? plot of BBN thin films at 100 °C(c) Modified Schottky plot at 100 °C.
(d) Influence of electrode polarity aih-V response.

constant was calculated from the slope oﬂ,ﬁﬁe) versusel? not be useful in explaining the charge transport behavior of
plot at 100 °C[shown in Fig. 4b)]. The calculated dielectric BBN thin films. However, the best method to investigate the
constant and refractive index (=n?) are 0.21 and 0.46, Vvalidity of the Schottky emission is to change the electrode
respectively. These values are 1 order less than the actuﬁlatelrém& which was reported by Diett al'® and Dey
values. To justify the validity of the Schottky mechanism theet al.> The influence of the different top electrodes on the
modified equation, as proposed by Sufi Zdfawas also leakage current behavior of BBN thin films is in progress
considered. The modified Schottky equation is given by ~ and will be reported on later.

@ 12 Contrary to the electrode-limited conduction, the Poole—
(Po—BE™) (2) Frenkel mechanism is a bulk limited charge transport in the

kT insulating thin film'"*81t is recognized in terms of lowering

whereB is a constant dependent on the mobility and effecthe potential barrier of the trap levels in the application of an
tive mass of the electron. Figurdo# shows the modified external electric field. These trap levels are assumed to be
Schottky plot at 100°C and the value of (=0.06 and positively charged when the_y are empty. Hence, due to _Cou-
n (=0.245 were calculated from the slope. These values alsé_)omb force the charge carrietthermally generated and in-
did not seem to agree with the actual values. A third verifi-j€cted are captured by the trap levels and consequently these
cation of the electrode influence on the charge injection wa§@pP levels become neutral. Functional dependence of the
done by changing the polarity of the electrodes. Figuid 4 Poole.—Frenke(.PF) dominated conduction is given by the
shows the room temperature leakage current behavior dPllowing equation:

BBN thin films with Au as a cathode and anode, respectively. (Dy— BEL?)
No significant variation of leakage current was observed in J—CEexp{kT},
two different cases. These inconsistencies in the present re-
sults led us to conclude that the Schottky mechanism mawheres;=(e%/7eqe,)2 andCis a constant in terms of the

J=BT¥E exp{
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FIG. 6. J-V plot for BBN thin film at 100 °C.
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the trap filled limited(TFL) region, which shows the sudden
increase in current with a very high rate. So, the overall view
of the leakage current can be describetf &2

J=Jonmt e+ Ichid (4)
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FIG. 5. (9 Ploole—Frenkel plqt fc_)r BBN thin films at various temperature. wheree is the electronic chargex, is the mobility of the of
(b) J/E vs EY? plot of BBN thin films at 100 °C. . . o
the chargen is the concentration of the free charge carrier in
the insulatorV is the voltage applied across films of thick-
nessd, | =(T,/T), T, is the temperature dependent param-
trapping density in the insulator. Therefore, identifying theeters characterizing trap distribution, afds the absolute
PF conduction in the thin films is the same as the Schottkyemperature.
type. Figure %a) shows the conductivity €= J/E) versus At low applied voltagesJ—V characteristics followed
EY2 plot for BBN thin films. High frequency dielectric con- Ohm’s law because the density of the thermally generated
stante, calculated from the slop@; [shown in Fig. 8b)]  carriers in the films was predominant over the injected
was found to be 0.0596, while the corresponding refractivecharge carrier. The activation energies calculated from the
index was 0.244. These results are again contrary to the achmic region of the]—V characteristics were 0.46, 0.48, and
tual values. 0.51 eV, respectively, shown in Fig. 7. These activation en-
Finally, a space charge limitd®CL) conduction mecha- ergies were attributed to the shallow traps, existing near the
nism was found to be appropriate to explain the charge transsonduction band of the BBN thin films. The variation of the
port behavior in BBN thin films. The nature of the curve activation energy implies that the traps are distributed in the
indicates that the dc conduction in BBN thin films follow the forbidden region, but the type of distribution is not yet clear.
Lampert's theory of SCL-current. The three interesting re-The onset of the departure from Ohm’s law or the onset of
gions, which are governed by three mechanisms, are clearpe SCL conduction takes place at the applied voltage
distinguishable in Fig. 6. Thé—V characteristics are con- reaches
fined with in a triangle in the log—logV plane bounded by
the three limited curves: Ohm'’s law, trap filled limit and :8end2
Child’s law (JaV?). A threshold voltage is required to get 96,
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FIG. 7. Arrhenius plots of BBN thin films calculated from ohmic region of FIG. 9. Variation ofVr_ with temperature

J-V characteristics.

where ¢ is the dielectric constant of the capacitaf,

=(N¢/g,Hg)exp(—E,/KT), the ratio of the free carrier den- sponsible for a sudden increase in current. Figure 9 shows
sity to total carrierfree and trappedH is the density traps, the variation of onset voltage of the trapped filled limited
N, is the density of the states in the conduction bapgis region Vg with temperature. Since the thermal generation
the degeneracy of the energy state in the conduction ban@f the charge carrier increases with temperature, relatively
andE, is the energy level below the minimum of the con- lower voltage is required to fill all the trap levels at higher
duction edge. The variation of thé,, with temperature for temperature. For the voltagé>Vg_ the current is fully
BBN thin films is shown in Fig. 8. The figure illustrates that controlled by the space charge, which limits the further in-
the onset voltag¥,, of SCL conduction increases with tem- jection of free carriers in the sample. Square law dependence
perature, which is obvious because the density of the theef the current(J~V?, Child's law) in the voltage rang&/
mally generated carrier increases with temperature. At the>2Vrg_ is the consequence of the space charge controlled
region of transition from the ohmic to SCL, the carrier transitcurrent. Figure 10 shows the experimental dependence of
time 7,=d% uV,, becomes equal to the Ohmic relaxation leakage current with the film thickness, which is in agree-
time 74=e/enu,® where w is the mobility of the charge ment with the theoretical prediction~d ™3, whered is the
carriers. The sudden jump in thke-V characteristics at a thickness of the film. Such agreement of the experimental
particular voltage implies the crossover from ohmic to TFLresults with the predicted theory ascertains the validity of
conduction. At this voltage the injected carriers saturate alSCL conduction to the leakage current behavior of present
the trap levels. After the saturation of defect levels additionaBBN thin films.

excess charges appear in the conduction band, which is re-
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