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The influence of an extrinsic interfacial layer on the polarization
of sputtered BaTiO j; film
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As an origin of degradation of remnant polarization in Pt/Bali#& capacitor structure, an
interfacial layer formed at the interface of BaLi@m and a Pt bottom electrode is considered.
BaTiO; films were deposited on two types of bottom electrodeg sSr, sCo0; and Pj by the radio
frequency magnetron sputtering method and both capacitors showed a microstructural similarity
with strong preferred orientations. However, a Pt/Ba¥i(y, sSr, sC00; capacitor exhibited a
saturated hysteresis loop with the remnant polarizati@R,) of 6 uC/cn?, and for the
Pt/BaTiG;/Pt structure, the polarization-voltage curve revealed a linear dielectric characteristic.
From a cross-sectional high-resolution transmission electron microscope analysis of the
Pt/BaTiO;/Pt capacitor showing the linear dielectric property, an interfacial layer with an
amorphous structure as well as a multidomain structure in the interior of the Bdili©Owere
observed. It is concluded that the interfacial layer might help degradation of polarization and its
origin can be classified as being extrinsic. @005 American Institute of Physics
[DOI: 10.1063/1.1921358

The dielectric constant and polarization of ferroelectrictrode through high resolution TENHRTEM) images and
film significantly reduces as its thickness decreases. This siziggest this as the possible cause of polarization degradation.
effect of ferroelectric film can be understood by assuming The BaTiQ; films were deposited on a LSCO/LaAO
the existence of an interfacial layer with a low dielectric and Pt/Ti/SiQ/Si substrate by radio frequenésf) magne-
constant at an electrode—ferroelectric interface.The  tron sputtering using a polycrystalline BaTi@eramic target
equivalent circuit of a ferroelectric capacitor with this layer with a diameter of 2 in. Additionally, BaTiQ film with
is represented by a series capacitance model comprising twhickness ranging from 60 to 280 nm was deposited on the
interfacial capacitance€;) and a bulk capacitand€;). The  Pt/Ti/SiO,/Si substrate to obtain information @k &; of the
measured apparent capacitari€g,) at zero field can there- interfacial layer. Highly(100-oriented LSCO film with a
fore be expressed as thickness of 200 nm was deposited on a Laj\8Dbstrate by

direct current(dc) magnetron sputtering. Details of the

ACy=AIC + AICt=di/ei + (dm—d)/et=dnfem, (1) LSCO film preparation are described elsewHeTe sput-

whereA is the electrode area is the bulk dielectric con- t€ring atmosphere was pure arg@9.99% under a working
stant of the filmg; is the interfacial layer dielectric constant, Pressure of 10 mTorr. The BaTiGilm, which was depos-
e is the measured dielectric constady, is the total film ~ ited at a substrate temperature of 400 °C under 120 W rf
thickness, and; is interfacial layer thickness. Tha/e; of ~ Power, was directly inserted into a preheated furnace at
the interfacial layer can be obtained from thaxis-intercept /90 °C in air for 2 h. The wavelength dispersive x-ray spec-
of the variations ofi,,/¢,, as a function of film thickness. troscopy(\_NDS} clarified that'thls'heat treatment maintained

Recently, Streifferet al? classified the origins of the the Ba/Ti ratio of all BaTiQ films on both electrodes
interfacial layer into intrinsic and extrinsic phenomena. In-(LSCO and Ptat nearly 1:1. The top electrodes of the Pt
trinsic causes consist of incomplete polarization screening b{00 N, with a diameter of 0.4 mm, were deposited by dc
the conducting electrode, interfacial discontinuity effects magnetron sputtering to form the ferroelectric capacitors.
and electrode-film band offsets. Extrinsic causes include the Figure Xa) shows that the 100 nm thick BaTiCilm
contamination of the film—electrode interfaces and a chang8own on LSCO-coated LaAlQexhibits a(00) preferred
in composition or grain size in the near-interface region.orientation. However, from théd0l) peaks, it cannot be de-
However, the nature of the interfacial layer is still disputedtermined whether the BaTidilm consists of eithe(100)- or
because the measured interfacial capacitance is likely to if001-preferred orientation or a mixture ¢£00)- and(001)-
clude intrinsic and extrinsic phenomena. Exact knowledge of
the space charge distributiofdepleted or accumulated

. . . . a) PUBaTIiO /La, Sr, CoO, &
mode of ferroelectric capacitor structures is also required to = 8
identify the features of the intrinsic interfacial Ia)?e7r.Fur- 3 & % 3
thermore, few experimental results have been published thaZ % oLa,,S,,C00, |~ z
directly show the existence of the interfacial layer through § mBaTic, B g
transmission electron microscogff EM) analysis. In this & Tleon o i)
study, we find evidence of an extrinsic interfacial layer AT G0 @0
. i 20 30 40 50 60 20 30 40 50 60
formed at the interface of BaTiJilm and a Pt bottom elec- 20 20
FIG. 1. X-ray diffraction patterns of BaTiQfilm on LaysSrsCoOs/
dElectronic mail: sikchoi50@kaist.ac.kr LaAlO; (a) and Pt/Ti/SiQ/Si (b) after postannealing.
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electrode was determined to be 0.30° and 0.36° from Fig. 1,

< y § S respectively. All BaTiQ films on both electrodes have nearly
3l jsivvig - 5 the same crystallinity. It was reported that BaJi@etero-
5o == 4 2o R G ot structure with~0.38° of FWHM showed ferroelecrtric be-
8. §4» o - havior with a small remnant polarizatidh.Therefore, the
Sas| PUBSTIO fla, 1, 000, & -5 | —=—280 nm different behavior of Figs. (@ and Zb) appears not to be
e s o o T e wrmmr s e due to the different crystallinity of the two capacitor stack.
Voltage(V) Voltage (V) Furthermore, over the whole range of x-ray measurements

from 20° to 60° on the BaTig) Pt stack, no other diffraction
capacitor with a thickness of 100 nm arf) Pt/BaTiO,/Pt/Ti/SiO,/Si peaks related to any pyrochlore or second phase were ob-
capacitor with various film thicknessedlote that the curve of 60 nm over- served. L o L
lapped with that of 280 nm.Scanning probe microscopy surface topo- The ferroelectricity in the epitaxial BaTiCthin film is
graphic images of BaTi©film with a thickness of 100 nm, presented in the greatly affected by the biaxial in-plane str §sThe (002
inst_ats (_)f the figure, clearly show that both types of capacitor have the samgeak in Fig. 1a) clearly shifted to a high anglg26
grain size of 50 nm. =46.17°9 compared to that of the BaTiOsingle crystal
(26,002=44.86 A, 2,00=45.377 A,"® indicating that the

preferred orientation. On the other hand, the Bafin on  in-plane tensile stress is sustained in the film. The in-plane
Pt/Ti/SiG,/Si in Fig. Ab) shows a strong1ll)-preferred  tensile stress could have an influence on the remnant polar-
orientation, which corresponds well with the bottom elec-ization of the(001)-preferred orientation, but not on that of
trode having P{111) orientation. Note that the BaTiJilms  (100)-preferred orientation, because its polarization direction
with a preferred orientation have a columnar structure sincg perpendicular to an external field in the present capacitor
their surface morphology reveals polycrystal struct(tfee  structure. Thus, in this study, it appears that the low remnant
insets of Fig. 2 In this work, the ferroelectric films depos- polarization of the Pt/BaTig/LSCO capacitor in Fig. @) is
ited at a low temperaturé400 °C) were postannealed at a related to the decreasing of th&a ratio of the (001)-
high temperatur¢750 °Q for 2 h. The crystallization of the preferred orientatiori/or in the mixed structujedue to an
film could therefore be completed through crystal nucleatiorin-plane tensile stredd. It is believed that if the in-plane
and growth. The final orientation of the film grains report- tensile stress of BaTiQon LSCO electrode relaxes, the rem-
edly depends on the orientations of the initial nud. anent polarization will be enhanced because of an increasing

Figure 2 shows th®-V hysteresis loops of BaTigthin  of c/a ratio” On the other hand, the BaTi@ilms on the Pt
films deposited on LSCO and a Pt electrode. As shown irelectrode in Fig. (b) lie under a nearly free stress state be-
Fig. 2a), the remnant polarizatiofi2P,) and the coercive cause the diffraction peak positions of the film were in ac-
field (E,) for the BaTiQ, film grown on an LSCO electrode cord with those of bulk BaTi@"® Therefore, we believe that
is 6 uC/cn? and 1 V, respectively; the BaTiCfilm on the  the disappearance of ferroelectricity in the Pt/BadliPx ca-
LSCO electrode clearly shows ferroelectricity. However, thepacitor in Fig. 2b) is not due to the stress effect in the film.
P—-V measurements for the BaTi{Pt/Ti/SiO,/Si struc- The remanent polarization of BaTi@ilm is also depen-
tures with various film thicknesses indicate typical linear di-dent on the film texturé®* Tadaet al?° reported that an
electric characteristics, as shown in Figb2 BaTiO; films {111} epitaxial BaTiQ film grown on a{111} Pt substrate has
on the Pt electrode clearly lose ferroelectricity. Although alla smallerP, compared to a totally random oriented polycrys-
BaTiO; films on both electrodes have the same Ba/Ti ratiotalline BaTiO, film. However, Yanget al?* reported that, on
the complete loss of ferroelectricity in the Ba%i®ims on  a LSCO/PINby g4Zrg 28Ti.69 O3/ LSCO capacitor, polycrys-
the Pt electrode is very interesting. talline materials show a lower remanent polarization than

The reduction in film thickness that accompanies the deepitaxial material. Considering the previous study, the ran-
crease of grain size can degrade the remnant polarization thom oriented polycrystalline BaTiJilm or the highly(111)
ABOs-type ferroelectric film 112 The scanning probe mi- oriented BaTiQ film does not lose its remanent polarization
croscopy surface topographic images presented in the insetempletely. Therefore, the effect of texture structure on the
of Fig. 2 clearly show that both types of capacitor have thdinear dielectric property of BaTigPt stack in this study
same grain size of 50 nm, though they exhibit a totally dif-could be inconsiderable. To elucidate the cause of the differ-
ferent P—V curve. Tybell et al. identified a ferroelectric ent behavior in the hysteresis loops for the capacitors with a
ground state even in 4 nm thick perovskite oxide fifths. Pt/BaTiOy/Pt and Pt/BaTiQ/LSCO structure of 100 nm
Junquera and Ghossez also reported that Bathi films  film thickness, the cross-sectional high-resolution micro-
between two metallic SrRuQelectrodes in a short circuit structures were investigated using TEM.
lost their ferroelectric properties below a critical thickness of ~ From the cross-sectional HRTEM image in Fidga)3 it
about six unit cellSup to 2.4 nm.** We believe, therefore, is clear that there is no any interfacial layer between BaTiO
that the collapse of the hysteresis loop in Fih)ds not due and LSCO electrode. However, the HRTEM image of Fig.
to the decrease of grain size caused by thickness reductioB(b) clearly reveals that the disturbed interfacial layer was
High surface fields caused by heavy doping are another fadermed at the interface between the BaJifdm and the Pt
tor that degrades polarization; these fields can hide the mbottom electrode. The insert of Fig(3 shows the distinct
croscopic ferroelectric switching polarizatié%However, in  multidomain structure in the interior of each columnar grain
this study, the chemical composition analysis by WDS didwith a width of 40—-50 nm. This multidomain structure
not reveal any impurities, which would likely affect the clearly reflects the existence of ferroelectricity in the BagiO
switching polarization. film grown on a Pt electrode, although the Pt/BajiPt

The full width at half maximum(FWHM) of the (001 capacitor exhibits a linear dielectric property from polariza-

diffraction peak of the BaTi@film on LSCO and the Pt tion versus applied voltage. Therefore, the experimental re-
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also, this layer’s origin can be categorized as extrinsic be-
cause it is generated by the disorder of the crystallographic
structure. It is considered that this disordered interfacial layer
is likely to form at the interface between the film and the
bottom electrode because of the interfacial diffusion of Pt/Ti
; = into the ferroelectric film.
4nm Snm In summary, we obtained different features of polariza-
tion in two types of BaTiQ capacitors that, respectively,
FIG. 3. Cross-sectional HRTEM images of BaTi@ilms grown on (a) used LSCO and Pt as bottom electrodes. While the
LaysSrpsC00; and (b) Pt bottom electrodes. The inséb) is a cross-  Pt/BaTiO;/LSCO capacitor showed a well-saturated hyster-
sect_iona_l TEM ima_ge i_ndicating the existence of a multidomain structure inagijg loop, collapse of the remnant polarizatiBp in the
the interior of BaTiQ film grown on the Pt bottom electrode. Pt/BaTiOy/ Pt capacitor was observed in tRe-V curve al-
though the Pt/BaTigl Pt structure showed a multidomain
sult shown in Fig. &) strongly suggests that the disappear-structure in the interior of the BaTifilm. The polarization
ance of ferroelectricity in the Pt/BaTiDPt capacitor was degradation in the BaTigPt structure is attributed to the
caused by the formation of the interfacial layer between thexistence of an extrinsic interfacial layer with an amorphous
BaTiO; thin film and the bottom electrode. As Vend#k al.  structure formed between the ferroelectric film and the Pt
pointed out the ferroelectric polarization of a film in contact bottom electrode.
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