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Abstract：Thin film microbattery is a promising mieropower source for its high energy density and

good cell performances，and the application ot fast lithium ion conducting solids as electrolytes is

thus very important．(Lio。LaD 5)Ti03(LI．TO)thin film electrolytes for thin film microbattery

were prepared onto Pt／Si substrates using magnetron sputtering．As-deposited LLTO thin films

showed anlorphous—like phases and when deposition temperature increases the ionic conductivity rat

SeS accordingly．The ionic conductivity of I。I。TO thin film reaches 8．7×10
6
S／cm when the deposi—

tion temgerature is 400 c，which shows that the LLTO thin(1iras deposited by m^gnetron sputte—

ring are suitable for application 0．s an electrolyte for thin film microbattery．
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1 IntroduCtiOn

With the development of electronic devices．thin film microbatteries have received great attention be—

cause they can be completely integrated with microcircuits，such as microdevices，nlierosensors，and very-

1arge—scale integration(VLSI)。1-“．The thin film microbattery is a promising alternative micropower

source because of its high energy density and good cell performances，which was fabricated by depositing

thin films of the cell components，i．e．cathode，electrolyte．anode，and current collectors．The amorphous

glassy thin film electrolyte，which plays as fast lithium ion conductor，is a key factor in the application of

thin film microbattery．An ideal solid electrolyte requires high ionic conductivity，low electronic cond殛tivi—
ty，good thermal stability，and resistance to dielectronic breakdown at the voltage at which the batteries

operate．J．B．Bates，et a1．[43 have done much work in preparing lithium silicophosphate(LIPON)thin film

electrolytes．The thin films were deposited by RF magnetron sputtering from a Li3Po{target in nitrogen
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reactive plasma and the ionic conductivity of I，iPON thin film electrolyte is 2×10’6 S／cm at room temDera—

lnre．LIPON electrolyte thin films have relatively high ionic condnctivilY at room temperature and showed

stable cycleahillty of more than 3000 cycles，hut their disadvantage easy to react with oxygen and moisture

in the air is obvious and thus limited their app[ication．

The high ionic conductivity in lithium Ianthanam titanate(LI。To)was firstly reported by A．G．Belous，

et a1．[“in 1987·and Inaguma，el?a1．investigated it further after that and reported perovskite(I．i。5La。5)

Tin in bulk exhibited lithium ion conductivity as high as l×1 0
3

S／era at room temperature[⋯．Such a

high conductivity is considered to come from the presence of a vacancy on the A—site and a lot of equivalent

sites for the lithium ion to occupy and freely move in the A—site space of perovskites．Concerning the pre—

paring methods of Ll，TO thin film，there are some reports[7]mentioned pulsed Jascr depositi。n but no re

port on magnetron sputtering to the authors'best knowledge．From such background we have been studying

the preparation and the properties of the LLTO thin films．In this study，LLTO thin films with an amor—

phous phase was prepared onto Pt collector using magnetron sputtering at different deposition temperatures

and electrical properties of thin films were investigated．

2 Experimental

LLTO thin films was prepared onto Pt／Si substrate using R．F．magnetron sputtering at different

deposition temperatures of 200℃，250℃，300℃，350℃，400℃and the corresponding thin film sanapIes

were numbered A，B，C，D and E，respectively．For AC impedance measurements of LLTO thin film．a

layer of Pt waa deposited on the silicon substrate beforehand and then a LLTO thin fihn and a laver of Pt

respectively，in order to form a Pt LLTo Pt sandwich structure．The Si(100)substrate(10 mm×10

ram)used as film support was cleaned by H2S04+K2Cr04 solution，cleaned in ethaneI uhrasonically，and

then b rown dry in nitrogen gas．Thin films were deposited in Ar atmosphere with a target to—suhstrate dis—

tahoe of 70 mm．The Si(100)substrates were rotated for homogeneous deposition during the sputtering

process．A molecule pump with a coupled rotary pump was used to achieve an ultimate pressure of 8×10一；

Pa before introducing Ar，and a flow controller was used to monitor the gas flow．The work pressure was

kept to 1．0 Pa．High purity Li2C03，LazC03 and Ti02 mechanically mixed at 1：1：4 mole ratio were used

as starting materials for LLTO targets．The powders were calcined at 1 200℃for 6 h in air and thP calcined

powder was ground with ethanol，pressed into a disk with a diameter of 60mm and a thickness about 10mm

by cold isostatic pressing(CIP)．The formed target was sintered at 1300℃for 5 h with a heating rate of

2℃／min in air and cooled to room temperature．Then the sintered target was weared awav to a dismeter of

51 mnl and a thickness about 3mm in order to be installed in the magnetron sputtering system．

X—ray diffraction(XRD，Rigaku，Japan)using Cu Ka radiation was carried out to determine the crvstal

structure of the films．X-ray photoelectron spectra(XPS，MKII，VG)was used tO determine surface chem—

ical composition of the thin films wit,h a Mg anode X—ray source operating at 300 W．The high—resolution

multiplex was taken hy using an analyzer with a 35．75 eV pass energy．A profilometry(Sloan dektak II)

was used to measure the thickness of the thin film．AC impedance rueasurements(EG＆G M388．Medel

273A)to determine ion conductivities were made at frequencies from 1Hz to 1MHz at room temperature．

3 Results and diSCUsSion

The X-ray diffraction pattern of prepared LLTO powders is given in Fig．1，The powder X—ray diffrac

tion pattern indicates that the primitive ceil possesses a cubic system with perovskite structure．Broad and

 万方数据万方数据



Vol 15 No．2．3

SHEN Wan，et“#：Influence of deposition temperature on ionic conductivity of perovskite

(Lio 51．a0 5)TiOa solid state electrolyte thin film 441

weak intensity peaks arising from the superlattice with the double period of c-axis were observed．The sn

perlattice lines were considered to correspond to the ordering of La’+and Li+or vacancy．There are consid—

erable large amount of equivalent sites for lithium ion in LLTO．La3+and Tin oetal；edra construct the rig—

ld structure with staficatiy distributed lithium lons．As deposited LLTO thin films showed amorphous

structure and the X ray diffraction pattern will not be presented in this article．To solid state electrolyte

thin film，the structure of amorphous film has more vacancies for lithium ion moving and conducting，and

thus decreased its activation energy．Therefore，the ionic conductivity of amorphous electrolyte thin film is

ranch higher than that of the crystalline state electrolyte．

XPS spectrum of LLTO thin film is presented in Fig．2．The chemical composition of electrolyte thin

film is determined using Cx=(11／a1)／(∑I。／‰)，where Cx is sample7s atomic percentage concentration，I

the elementary intensity and Q。the sensitivity factor．The spectrum of La 3d 5／2，as shown in Fig．2，can

be fitted with two peaks separated by about 4．3 eV．Different opinions are found in the literature about the

fine structure observed around the La 3d 1ine．Wang et a1．attributed it to inequivalent La atoms for the

I，a1⋯Sr CoOPd compound[⋯．However，it was also considered to be caused by the interatomic electron
transfer from 1igand to metal 3d orbitals．There is a general agreement in the literature on XPS。that the

double peak structure of each spin orbital component of La 3d reflects states with the configuration 3d94FL

and 3d94f1L where 1。denotes the oxygen ligand and underscoring denotes a holet⋯．Recently，Teterin etal．

proposed it is due to the secondary electronic processes accompanying the photoemission，such as shakeup／

down processes and dynamics effect⋯．

2a／(o)

Hg．1 XRD patterns of LLT()powder

Binding Enelgy／eV

Fig．2 Integral XPS spectrum of LLTO thin film

Sample AC impedance spectras of the sandwich structured LLTO electrolyte thin fiInt measured at

room temperature are shown in Fig．3．The impedance spectrum consists of a high frequency semi circle and

a low frequency inclined line．The high frequency semi—circle can be regarded due to the bulk LLTO thin

film，and the inclined line comes from the blocking electrode system of the Pt electrolyte Pt sandwich

structure，and the gradient is ascribed to the interfacial roughness between electrolyte thin film and Pt elee—

trodes．The influence of grain boundaries on the conductivity was not observed from Fig．3 and it may come

from the thin film of amorphous structure．The ionic conductivity was determined from R by selecting the

ZR。value at the frequency at which Z1。goes through a local minimum and can be‘calculated from

口一(d／A)／R，where d 1a the film thickness，A is the area of the metal contact，and R is the film resistance．

The relationship between the deposition temperature and ZR。valffe is given in Fig．4．It shows that the ZR。

value increases when thc deposition temperature increases correspondingly．When the thickness and area of

the metaI contact of the thin films are determinate，a higher ZR。value is beneficial to improve ionic conduc—

tivity．Fig．5 presents the relationship hetween deposition temperature and ionic conductivity of the films．
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Fig．3 Nyquist AC impedance spectra of LI．TO

thin film

a
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When deposition temperature increases the ionic

conductivity raises accordingly． While the deposition

Iemperature is 400℃，the ionic conductivity reaches 8．7×

10
6

S／cm．This shows that the LLT0 thin films deposited

hy magnetron sputtering are suitable for application as an

electrolyte for thin film microbattery．

4 Conclusion

(Lio。La¨)Ti03(LLT0)thin film eleetrolyles for

thin film microbattery were prepared onto Pt／Si substrates

using magnetron sputtering，LLTO thin film as—deposited

showed an amorphous—like phase．The ionic conductivity of

Delmaidon Temperature／K

玎蛋4 Relationship between the deposition tern—

perature and Zk value

Dci∞s／tion Temperatum／K

Fig．5 Relatiotxship between deposition temperature

and ionic conductivity

as—deposited LLTO thin film is 8．7×10一S／cm measured at room temperature when the deposition temper—

ature is 400·which showed that the LLTO thin films deposited by tnagnetron sputtering are suitable for

app／ication as an electrolyte for thin film microbattery，
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