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Leakage currents in epitaxial ferroelectric/perovskite-conductor heterostructures reproducibly show
diode properties having hysteresis. The hysteresis appears in forward bias, which is positive for
electron @) type conductors and negative for hol®) (type conductors. The hysteresis is due to the
increase of conductivity by the forward bias current, which exhibits the memory retention for more
than an hour. The write and erase speeds of the diode and the origin of the effect are
discussed. ©1995 American Institute of Physics.

Carrier conduction through dielectrics or insulators, essshowed that all layers were aligned inplane to ¢haxis of
pecially SiG,, has been investigated by many authoti- the substrate. No secondary phases were detected by the
electric perovskite oxide films are expected to be used in theepth profile using Auger electron spectroscopy and x-ray
future in ultralarge scale integrate circuits such as dynamidiffractometry. Au electrodes with a surface area of 1‘mm
random access mematy? In spite of its high dielectric con- were deposited on the heterostructures and the current-
stant, the perovksite dielectric is reported to show leakageoltage (-V) characteristics were measured by applying a
current much larger than Si oxide. The leakage current is lesgc voltage across the heterostructure where the conductive
evident in polycrystalline films than in quasiepitaxial filfhs, layer or the substrate was grounded. tlaalitative differ-
probably due to carrier trapping at grain boundaries, while itence was observed when Al films were used as an electrode
was much reduced in amorphous filfhs. instead of Au films. First, we present the results of the

The conduction mechanism as well as other 9|eCtriq3b)_9Lao_lzro_2Ti0_803/La1_98r0.1CuO4 heterostructure.
properties of dielectric perovskites have been discussed us- Figure 1 shows typical hystereses at RT of PLZT/LSCO
ing films grown on metal electrode such as’PtHowever,  heterostructure obtained from 26 runs, where the voltage was
transmission electron microscopy observations have revealggst increased from zero, then decreased to the minimum,
the existence of various disorders at the interface betweegng subsequently increased to zero in each run in about 7
the perovskite and the bottom metal electrBci@ecently, min. Each data point was obtained by averaging 5 data ac-
growth of epitaxial ferroelectric perovskite films on perov- gisitions in 2 s, where a waiting time of 0.3 s was intro-
skite conductors was reportédue to its ability to reduce gyced in each data acquisition to avoid an artificial hyster-
the disorders, we have applied this approach to re-examingsis pata in 4 runs of the total of 26 runs, which are the first
basic properties of ferroelectritor dielectrio perovskite 3 r,ns and 1 run just after a pause of 2 h, are indicated by
films 2 In this letter, we report on the conductive behaviors ofots. and the rest of data are shown by larger marks. The
epitaxial ferroelectric films of high crystallographic quality opgeryed reproducibility indicted that the hystereses were not
a?f Wtel_l 6}; 0? tkl'(e first obsetrva:tlon oftreproduc}mbée r_lr_fmorya consequence of insulator breakdown as in,Si@ Si.
effect in the leakage current at room temperail®®). The  £q,a11y reproducible -V hystereses were found in PLZT/
result is compared with a similar memory effect observed akTo-Nb systems. On the other hand, the hystereses ob-

.4'2 K Wh'ch. Wgas attributed to the modulation of the tunnel-gg oy in(PLZT+impurity phasegSi structure were neither
ing probability:

BaTiO; (BTO) and Ph_,La,Zr; ,Ti,Oz. 5 (x=0-0.5,
y=0-0.1) (PLZT) films were epitaxially grown o100 +10
SrTiO; (STO) and (100) SrTiO; doped with 0.5 wt % Nb
(STO:Nb substrates and on La,SrCuQ, (LSCO), 0
LaNiO3, (La,Sp MnO;, and Ng_,Ce CuQ, (NCCO) films
which were epitaxially grown 0100) STO. Details of sur-
face morphology and crystallographic properties of the het-
erostructures using STO, STO:Nb, and LSCO as well as their

KnA/mm 2)
R
o

deposition conditions are described elsewtiéfeThe het- -30 4

erostructures were grown mostBx situ by a pulse laser 22 runs
deposition, because no quantitative difference in leakage cur- -40. , 7min /run RT |
rent was observed betweénsitu andex situgrown hetero- 50 5 . ; .
structures. The thicknesses of the conductive layer and the -2 -1 0 1 2
ferroelectric layer were typically around 1000 and 2000 A, V(V)

respectively. The x-rag/26 scan showed that all heterostruc-
tures werec-axis _Onented with strong diffraction |ntens_|ty FIG. 1. 1-V hystereses of 26 measurements, where data in 4 measurements
comparable to single crystals, and the x-ray pole figurevefore stabilization are shown by dots.
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FIG. 4. |-t relations for different duration of the write biases2 V) and a
fixed duration of the erase bids-2 V). The currents after-2 V biases for
3, 10, and 50 s are indicated by, M, and A, respectively. The currents
after +2 V biases are indicated by the small symbols.

'400 700 200 500 reproducibly by the bias of 2 V and restored to the original
value by the bias of-2 V as shown in Fig. () which is the
T(sec) blow-up of Fig. Za). The memory retention under the con-
stant—1 V bias was estimated to be more than 1 h.
FIG. 2. (a) and(b) Time dependence of the diode current¥/at -2, —1, Thel-t curves were measured by changing the duration
and+2V (3 and its blow-up(b). of a bias of—2 V as shown in Fig. ®) to estimate thevrite

speed and by changing the duration of a biast& V as

well defined nor reproducible. THeV curve in Fig. 1 sug- shown in Fig. 3c) to estimate theerasespeed. In thavrite
gests that the large forward bias switched the diode to an of¢st, the conductivity of the on state increased as the duration
state and the large reverse bias returned the diode to an off the write bias increased, and it approached a saturated
state. value at the duration of 50 &ig. 4). In the erasetest, how-

Figure 2a) and 2b) show the time dependence of the ever, the conductivity &= —1 V was the same as the value
leakage current at fixed voltagek-{ curve, which clearly — before thewrite bias (<2 nA/mnT) and independent of the
demonstrates the switching and the memory effects. In thiguration of theerasebias. Therefore, therasespeed is es-
measurement, constant biases-df, —2, —1, +2, and—1V  timated to be less than a second.
were successively applied for 10 min at each bias as illus- It should be noted that the relaxation of the dipole mo-
trated in Fig. 8a). Here, the bias of-1 V can be regarded as ment and the trapping and detrapping of the carrier at the
a read bias. Thel-t curves in three sets of such measure-interface can apparently contribute to the current. However,

ments are shown in Fig(&. The conductivity was enhanced the former was excluded since it could only explain for
1/10-1/100 of the total current at tmead bias when inte-

grated over the time. The latter was also excluded since the
trapped carrier density was estimated from the data in Fig.

(@) 2(b) to be more than one carrier per area of 180 A and
29 = = — to be one per 1 &A1 A for some of other samples. Therefore,
ov 10min 60{““‘ TIM;E the -V characteristic was analyzed using the mathematical
o — ———— — models for typical conduction processes in insulatoféie
2VY — — strong temperature dependence observed by us excludes the
(b) — — — tunneling mechanism. Moreover, we could not observe a re-
+2V, [t . producible!-V hysteresis in our heterostructures at 4.2 K.
oV 10min 60!mm TIM!E We think that our memory effect and that reported by Tamura
e —— — et al® are different phenomena. No model is available that
- 3sec  10sec  SOsec can fit all thel-V characteristics observed in all systems
(© studied. This is probably due to the different conduction
+2v.  3sec 10sec SOsec mechanisms governing the ultralow leakage rafg®.1
TlOmin . TIME nA/mn?), the low leakage rangeé<100 nA/mnf), and the
b 60min ; high leakage rangél—10 uA/mm?. Figure 5 shows aeplot

ov
l— e of one set of data of Fig. 1, which suggests that the Schottky
2V = = — emission was responsible for the conduction in the low leak-
age region as suggested for the SrJidm sandwiched by
5
FIG. 3. lllustration of the bias application sequences used in F&), i& the Pt. ) ) o
write speed testFig. 4) (b) and in the erase speed teéts We have observed diodelikeV characteristics and hys-
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ferroelectric switching of the polarization. The ions in the
perovskite conductors including cuprates are known to be
mobile, which was also suggested by a persistent
photoconductivity® attributed to rearrangement of the oxy-

1 gen. Therefore, a possible origin of the present memory ef-
fect may be electrically driven rearrangement or migration of
1 ions at the interface which changes the Schottky barrier
height as suggested by the parallel shift olthé curve after
thewrite and theerasebiases in Fig. 5, where the change of
the barrier heights is estimated to be 18 meV for the negative

.7.5} Returning -bias /7
to
8.0 zero bias

LOG[ABS[I(A/mm 2 )]]
&
o

-9.5 = bias and 31 meV for the positive bias. The temperature de-
0.5 1.0 1.5 ; ; ;
172 pendence, a more detailed analysis, and the conduction
A (V1 /2) mechanisms will be reported elsewhere.

In conclusion, a novel memory effect was reported for
leakage current in ferroelectric/conductive perovskites het-
erostructures at RT.
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FIG. 5. Schottky plot of -V relation in Fig. 1. The bars are guidance to the
eye.
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