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Highly (111)-oriented (Ph;¢Ca 24 TiO3 (PCT) thin films were grown on Pt/Ti/SiQ'Si substrates

by a sol—gel process. The Au/PCT/Pt metal—insulator—metal film capacitor showed well-saturated
hysteresis loops at an applied field of 800 kV/cm with remanent polarizafph §nd coercive
electric field €.) values of 18.2uC/cn? and 210 kV/cm, respectively. The leakage current
depended on the voltage polarity. At low electrical field and with Pt electrode biased negatively, the
Pt/PCT interface exhibits a Schottky emission characteristics. The Au/PCT interface forms an ohmic
contact. The conduction current when the Au electrode is biased negatively shows a
space-charge-limited behavior. The dielectric relaxation current behavior of Au/PCT/Pt capacitor
obeys the well-known Curie—von Schweidler law at low electric field. At higher fields, the currents
have contributions to both dielectric relaxation current and leakage curren2008 American
Institute of Physics.[DOI: 10.1063/1.1611627

I. INTRODUCTION thickness. The PCT films on Pt/Ti/SjCSi substrates were

Much attention has been paid to the application of ferro-2nnealed at 600°C for 10 min by rapid thermal annealing
electric thin films, such as PbTiQ Pb(Zr,Ti)O; and (RTA) in oxygen atmosphere. The heatlng rate was 1OQ°C/s.
(Ba,SPTIO, because of their piezoelectric, dielectric, The thickness of the h|ghly{111)-or|ented PCT films with
electro-optical, and pyroelectric properties. Lead calcium tifour layers on Pt(111)/Ti/SigYSi(100) substrates, as mea-
tanate (Pb,Ca)TiQ(PCT) is a promising candidate for pi- Sureéd by a spectroscopic ellipsometdSA Obin-Yvon,
ezoelectric and pyroelectric sensor materta®CT ceramics UVISEL/460, Francg was 200 nm. The surface roughness

have been extensively investigated in view of high-frequency¥@s 1.2 nm.

transducer and hydrophone applicatiéisPCT films are The crystalline phase of the PCT film was determined by
better than PbTiQ films in pyroelectric infrared detector X-ray diffraction(XRD) (Philips PW3710, CK,,). To inves-
performancé and porous PCT films have high figure-of- tigate the electrical properties of the PCT thin films, top elec-
merit for pyroelectric applicatiorfs.Recent investigations trodes of goldAu) of 0.2-mm diameter were prepared on the
have shown that the piezoelectric properties of (Pb,CayTiOPCT films through a shadow mask in a vacuum rf-magnetron
films with 24-mol % Ca are close to those of correspondin%:puue”ng system. The polarization—electric-fiel?—E)

bulk ceramic€~8 PCT thin films have decreased tetragonal-nysteresis loop was obtained using a TF Analyzer 2@00

ity and can maintain good ferroelectric, piezoelectric, and*CCT, Aachen, Germanysystem with a 1-kHz sinusoidal
pyroelectric properties.® However, the leakage current INPUt signal. Thel -V characteristics of the Au/PCT/Pt ca-
characteristics of PCT thin films on Pt-coated silicon havePacitor under different applied fields and with the Pt elec-
not been studied extensively. In this work, the relaxation androde under either positive or negative bias voltages were
leakage current mechanism of highly11)-oriented measured at room temperature by a Keithley 6517A pro-

(Phy 76Ca.20 TiO3 (PCT) thin films on PYTi/SIQ/Si sub- grammable electrometer. A dc voltage was then applied to

strates are reported. the thin film with the positive or negative potential connected
to the Pt and maintained for 3 s, and the dielectric relaxation
Il. EXPERIMENT current versus time characteristics of the Au/PCT/Pt capaci-

] ) o tor were measured after removal of the dc field.
Ferroelectric (Pg;¢Ca 4 TiO5 thin films were prepared

by a sol—gel method with a spin-coating process. Details of

the sol—gel process and its use for the deposition of the ferrd!ll. RESULTS AND DISCUSSION

electric thin films may be found elsewhé‘rdh_e 0.2-M/L Figure 1 shows the XRD pattern of the PCT thin film
PCT coating solution was deposited onto PUTI/Si8 sub- \yith 4 thickness of 200 nm. Inset shows the splitting of the
strgtes by spin coating at 3600 rpm for 30 s. After eachOl)/(llO) doublet. It can be seen that tHe01), (100,
spin-coating process, the samples were heat-treated at 300 %EOl), (110), (111), (002, (200), (112), and(211) peaks were
for 10 min in an air atmosphere by using a hot plate. Thisyetected for the PCT film on PUTI/SIOSi substrate. A
step was repeated several times to obtain the desired ﬁ"ﬁ‘ighly (111) oriented perovskite PCT film was formed. As
indicated by the splitting of th€001)/(100), (101)/(110),
dElectronic mail: apxgtang@polyu.edu.hk (002)/(200, and (112/(211) doublets, which suggests the
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FIG. 1. XRD pattern of the PCT film on a Pt/Ti/Sj@Si substrate. Each

layer of the sample was heat-treated at 300 °C for 10 min in air using a hoEIG. 2. Typical hysteresis loops for the highi11)-oriented PCT thin film
plate, and the film was annealed at 600 °C for 10 min by RTA in oxygenon a PUTi/SiQ/Si substrate annealed at 600 °C for 10 min in oxygen at-
atmosphere. Inset shows the splitting of t161)/(110 doublet. mosphere by RTA.

S‘ping of electrons at defect sites near the film/electrode inter-

presence of the tetragonal structure in the crystallized film : The t d elect th tabilized th isting d
Tani et al1 suggested that whenever the Ti from the adhe-2c€- ' N€ trapped electrons then stabilized the existing do-

sion layer formed RTi on the surface, 4111) perovskite main configur_ation against switching: Another orig?n of the
texture was obtained. f¥i is believed to alter the surface voltage shift is related to the magnitude of polarizatin.

energy and lattice spacing so as to promote crystallization ot h? ptc::arltzattlﬁ n clonf:ltl:i[es ﬁnr electrrc;ist?tlcwaot;antiﬁl weIrI
(111) perovskite phase due to its B-site cation position at aftracts ine electronic charge carriers, where they are

matching and lattice matching with the cubigRtstructure. trapp_ed at near interfacial defect S|tes._A larger remanent
Gonzalezet al!! also reported that PCT thin films crystal- polarization represents a deeper potential well, and conse-

lized with (111) texture as induced by thefFi(111). In this quently the trappi_ng of charge carriers is more effective. So,

PTi cubic structure, the Ti—Ti distance in thi&ll) plane is the voltage shift is re_lated ol t(_)p :_and Hottom electrodc_as

5.55 A. For the P,(Cap ,TiO5 perovskite, the Ti—Ti dis- difference, the magnitude of polarization and/or the contri-
) rern.2a T3 ’ : bution of defect-dipole complexes.

tance in the(111) plane is 5.52 A. Thus, the nuclei have a Fi 3 sh th ¢ densit funct £ volt

preferred(111) orientation owing to the cubic gR®b is acting Igure 5 shows Ine current densily as a function of voit-

as a lattice-matching buffer layer between the Pt and pc1A9¢e when the Pt electrode is negatively and positively biased
' . . . .—_in the voltage range of-5 to 5 V. The leakage current den-
When the film has thi rovski ing layer, th iva-.
en the as this perovskite seeding layer, the activa ity was lower than X 10~ 7 A/lcm? over the voltage range

tion energy for the crystallization of the films decreases. IfSf 0to +5V, indicating that the film has good insulating

the film is then subjected to a higher temperature heat treal
ment, the(111) nuclei will grow and strong111) texture property. The leakage current when the Pt electrode was un-
devel’ops der a positive bias voltage was a little higher than when the

Figure 2 shows a typicdP—E hysteresis loops for the
PCT film on a Pt/Ti/SiQ@/Si(100) substrate. The remanent

polarization @,) and the coercive electric fieldE() ob- 10°
tained from theP—E hysteresis loops, are 18uC/cn? and —0-—(a) Pt: positive bias
210 kV/cm, respectively, for an applied electric field of 800 o ._._(b) Pt: negative bias
kV/cm. It shows that the highlyl11)-oriented PCT film on § 107 3
P/Ti/SIO, /Si substrate prepared by the sol-gel processing 3
have good ferroelectric properties. A loR;, of 6 uClcn? =
has been reported for PCH) films on Pt-coated silicon %‘ 10°
substraté. A high P, value of 41uC/cn? was reported for S
c-axis oriented PC{B0) films on Pt-coated MgO substrates S
using multiple-cathode sputtering, and thg is about 400 S 10°
kv/cm 2 £
From Fig. 2, it is seen that the symmetry center of the o

. . . . . . -10 M N L 1 M N N M M
P-E hystgress loop s.hllfts madllrectlon of negative voltage. 0 T 3 2401 23 45
The negative and positive coercive voltag®s)(are —4.41 Vol Y,
and 3.97 V, respectively. The imprint voltage, defined as oltage (V)

[+Vti;_ (_ Vc)]/z- is estimated to be— 0.22V. Warren FIG. 3. Leakage current density vs. voltage characteristic for the Au/PCT/Pt
et al.® suggested that the voltage shift arose from the trapthin-film capacitor.
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" FIG. 5. LogJ vs. logE plot when the Au electrode of the Au/PCT/Pt thin-
FIG. 4. LogJ vs. E™* plot when the Pt bottom electrode of the Au/PCT/Pt 1, capacitor was under a negative bias.

thin-film capacitor was under a negative bias.

Pt electrode was under a negative bias voltage. In fact, thimit voltage (V1) is 4.35V, which is close to the average

leakage currents in two opposite directions were limited byvalue of the coercive electric voltages-¢.2V). _
the interfaces between the fiim and the Pt or Au  Figure 6 shows the current—time characteristics for di-

electrodes®*6respectively. The positive leakage current waseélectric relaxation current after different voltages have been
limited by the interface between the Pt bottom electrode an@pplied to the bottom Pt electrodes. The relaxation current
the PCT film(the bottom interface while the negative leak- Measured at low field150 and 250 kV/cmindicates the
age current was limited by the interface between the Au toﬁ:ontribution of pure dielectric relaxation current. The
electrode and the PCT filntthe top interface When the current—time decay obeys the well-known Curie—Von Sch-
applied bias voltage was highdor lowen than 4.35 v  Wweidler law;® J=J,+J¢t~" whereJs is the steady-state cur-
(—4.40 V), the leakage current density decreases with intent densityn equal to the slope of the log—log plot, ant
creased bias voltagesee Fig. 3. From Fig. 2, we can see time. The exponents), are found to be 0.52 and 0.65 for
that this value is close to the coercive voltage441 and this film, respectively, at 150 and 250 kV/cm. The three pos-
3.97 ) which indicates that the polarization reversal inducessible mechanisms for the Curie—Von Schweidler law are
the change in leakage current. well-known as space-charge trapping, relaxation time distri-
The leakage current depends on the bias polarity. As Bution, and electrical charge hoppifftAs positive potential
result, the conduction mechanism should be electrode limite#as applied to the Pt bottom electrode at low field, it indi-
for at least one of the metal—insulator junctions. TheCates the contribution of pure relaxation current. At a higher
Schottky emission can be expressed aslloghere] is the  field (300 kV/cm), the current has contributions from both
leakage current densitipeing proportional to the square root Pure dielectric relaxation current and leakage curféihe
of applied electrical field £).1"*¢ The space-charge-limited leakage current is affected by oxygen vacancy concentration
current(SCLC) can be expressed as lddpeing proportional and the magnitude of polarization.
to logE.*® Figure 4 shows the plot of logjversus electrical
field (E)¥2 with the Pt electrode biased with negative voltage
for the Au/PCT/Pt thin-film capacitor. The leakage current X102

shows a Schottky emission behavior. The PCT/Pt interface 4 —o—3y

forms a Schottky barrier under an electric field range from ~ 110} ——5V

22.5 to 220 kV/cm. = —o—6V
Figure 5 shows the plot of lagjversus lodge with the Au § . 106[

electrode negatively biased for the Au/PCT/Pt thin-film ca- },’ bl |

pacitor. The slope is close to 1 in the low electric field [ T

(<35 kV/cm) region. The Au/PCT contact is thus ohmic at 3 oy

low electric field. At an electric field range from 35 to 105 g - .

kV/cm, for the Au electrode biased at negative voltéget E 110§ 522'222ﬁ’:ﬁ'&tﬁeﬁﬁiﬁﬁgﬁxﬁ

shown), as well as for a Pt electrode biased at negative volt- O 1

age (with the logJ versusE%® plot shown in Fig. 4 both 1072 Lo L

1 10 100 1000

agree well with the Schottky emission characteristics. At )
Time (s)

higher bias voltages above 2.1V, the [bgersus lode plot
ShOWSlSa slope cI_ose to 2-6_’ which agrees well with the S_CLC!EIG. 6. Dielectric relaxation current of the Au/PCT/Pt capacitor with differ-
theory.® From Figs. 2-5, it can be seen that the trap-filledent positive bias voltages applied to the Pt bottom electrode.
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1x10% trode is biased negatively shows space-charge-limited behav-
. ——4V ior. The dielectric relaxation current behavior of the Au/
o x10*f ——5V PCT/Pt capacitor obeys the well-known Curie—Von
£ 4 ——8&V Schweidler law at low electric field. The leakage currents
3 w10°f include the effect of oxygen vacancy concentration, the mag-
> nitude of polarization, space charge trapping, electrical
@ sf charge hopping, and/or the contribution of defect-dipole
g X0y complexes.
@ -10 ] iti j -
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