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Abstract：The LiSiPON electrolyte films were prepared hy magnetron sputtering method with different N2

working pressure．The structure，morphology，composition and the relationship hetween ionic conductivi—

ty and N content were studied in detail．The result showed that N content in the films depended on N2

partial pressure．With the N2 partial pressure increasing，N content increased firstly and gained a maxi—

mum values then decreased．N content in the LiSiPON films affected the ionie COnductivity of the films．

The ionic conductivity of the films increased with the N content increasing，and could reach a maximum

value 10．4×10—6S／cm

Key words：N content}ionic conductivity；l。iSiPON；electrolyte，thin film

CLC nmber：TM 911．4 Document cede：A

1 Introduction

Solid electrolyte films have been attracted much attention in their application to electronic devices，

high power density batteries due to their higher ionic conductivity，lower electronic conductivity and lower

activation energym 2】．Li-ion conducting，inorganic，solid electrolyte films have been used for fabricating

all—solid—state thin film 1ithium batteries and several kinds of materials for electrolyte films have been stud—

led nowadays．

KanehoriL”reported the fabrication of all-solid—state thin film lithium batteries using Li3 6 Sio 6 Po 4 00

film as electrolyte film．Levasseur⋯and Creus(“studied the Liz口B2饶Li2SO{and I．i2S—SiSZ-P2 S4 electro一

1yte thin film respectively．and used them for fabricating all—solid state thin film lithium batteries Success—

fully．Bates[“made use ofLi3 3POs 9N017(1，iPON)as electrolytefilm andfabricated several kinds of all—sol—

id-state thin film lithium batteries，such as Li／LIPON／LiC002 and Li／LiPON／V205．Liu[”deposited

LiPON electrolyte thin films by nitrogen plasma—assisted deposition coupled with electron—beam reactive e、

vaporated LiiPO,and prepared a new all—solid—state thin film Iithium battery of Li／biPON／A90 5u 05．

Lee[6’”investigated the Li；．SiPON electrolyte thin films with different composition and fabricated a lithium

battery of LiCoO。／L SiPON／Si07 vo 3．

LiSiPON solid electrolyte thin films attracted much attention as a new kind of electrolyte material due

to its higher ionic conductivity and perfect electrochemical stability‘⋯．However，there are few reports a—
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bout the fabrication and electrochemical behavior study of LiSiPON solid electrolyte thin films．Therefore，

there are much works to investigate the electrochemical characteristic of LiSiPON solid electrolyte films．In

this pal6er，we report the preparation of LiSiPON electrolyte films with magnetron sputtering method by

adjusting process parameters and investigate the relationship between ionic conductivity of LiSiPON films

and different N2 working pressure．

2 Experimental

LiSiPON electrolyte thin films were deposited by magnetron sputtering method with different Na work—

ing pressure．The target for LiSiPON electrolyte was made by cold pressing then sintering the mixture

comprising a lithium phosphate／lithium silicate，0．5Li3P0‘·0．4Li2Siq at 1050℃for 5 h in air．The di—

ameter of sputtering target is about 60 mm．In the depositing procedure，the distance betweett the target

attd substrates，depositing power and substratc temperature were fixed at 60 mm，130 W and ambient tam—

pcrature，respectively．The working gas is pure N2(99．99％)and the gas flow was 20 cm3／mitt。The rela—

tionship between N content and ionic conductivity of LiSiPON electrolyte films was investigated in detail by

controlling the N2 working pressure(from 0．13 Pa t01．6 Pa)during depositing process．

For measurement of the lithium ionic conductivity of LiSiPON electrolyte，Pt／I。iSiPON／Pt sandwich

structure was made on silicon substrate with a typical thickness of 1．0”m and area of 0．08 emz．The ae im—

Dedartce Ineasurement to determine ionic conductivity was carried out with EG&G M388(Modei 273A)

electrochemical impedance analysis system in the range from 1 Hz to 100 kHz at room temperature．

The structures of 0．6I。i3 PO,·0．4Li2 Sin target and LiSiPON electrolyte films were studied with X-ray dlf—

fraction(XRD，Rigaku，Japan)．The compositions of LiSiPON electrolyte films were determined with X-ray photo—

electron spectroscopy(XPS。MkII，VG)．T畦thickness of the films was measured with an Alpha-Step profilome-

ter(S10att dektak ID．

3 Results and discussion

Fig．1 showed the SEM image of as—deposited LiSiPON electrolyte films．We CaD-see that the surface of

electrolyte film is very smoothing and fine，and no defects such as grain agglomeration，pinhole and crack．

For electrolyte thin films，this kind of surface is very important because the surface roughness influenced

the ionic conductivity of electrolyte films and cycling behavior of solid state thin film batteries．

The X-ray diffraction pattern of 0．6I，i3 P04·0．4Li2 Sios target prepared by heating the mixture was

shown in Fig．2．The(a)curve in Fig．2 showed that 0．6Li3 P04·0．4Li2 Si03 target was composed of they-

Li3P04 and Li2S03 phases[1“．The(b)curve of Fig．2 was the XRD pattern of LiSiPON thin film prepared

by magnetron sputtering method and it has no diffraction peaks，which showed that LiSiPON thin film was

typical amorphous structure．For LiSiPON electrolyte films，the amorphous structure has more vacancies

for the moving and conducting of lithium ion thus the activation energy for lithium ion moving reduced．

Therefore，the ionic conductivity of amorphous LiSiPON electrolyte films is much higher than that of the

crystalline electrolyte films．

A typical integral XPS spectrum of the as deposited LiSiPON film is presented in Fig．3．There is an

intense peak of N ls，indicating nitrogen has heen incorporated into the structure of Li3PO‘．According to

the XPS data．it can be calculated the stoichiometric composition and N content of the LiSiPON films．The

resuhs were shown in Table 1。The N content of LiSiPON film，8．8跖，is much small when the N2 work—

ing pressure was 0．13 Pa．With the increasing of N2 working pressure，N content also increased and
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reached a maximum value，15．1％，under the N2 working pressure of 0．53 Pa．However，when the N，

working pressure is above 0。53 Pa，the N content become small not large．It 7s only 5．1％when the N!

working pressure is 1．6 Pa．Therefore,IASiPON electrolyte films with different N content can be prepared

by adj usting N2 working pressure．
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Fig．4 AC impedance spectra of the

LiSiPON electrolyte films

AC impedance spectrums of the LiSIPON electrolyte films measured at room temperature(about 23℃】

were sh。wn in Fig．4．The impedance spectrum consists of a high frequency semi circle and a lc}w frequency

inclined line．The high frequency semi—circle can he regard as the hulk LiSiPO·N 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 interracial roughness between electrolyte thin film and Pt electrodes．The influence of

grain boundaries on the conductivity was not observed from Fig．4，which showed that the thin film is of a—

morpheus structure．The i)c impedance of LiSiPON film was determined by selecting the z。¨value at the

frequency at which 2㈨”goes through a local minimum，and the ionic conductivity caia be caleulated Erom
d毗一(d／A)／R，where d is the thickness of the．iilm，A沁the area D{the metal contact，and R is the resist—

ance determined from the complex impedance plots．The resistance and ionic conductivity of the LiSiPON

films are】isted ln Table】．
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Table 1 Chemical composition，N content and ionic conductivity Of LiSiPON electrolyte films

Fig．5 showed the relationship between N2 partial pres—

sure and ionic conductivity of LiSiPON films．The ionic

conductivity of LiSiPON film deposited with 0．13 Pa of N2

working pressure is very small，only 2．88×10
6

S／cm．

The ionic conductivity of the films increased with the in

creasing of N2 working pressure and reached a maximum

value，10．4 x 10—6 S／cm，when the N2 working pressure is

0．53 Pa．However，the ionic conductivity reduced gradual

1Y when the N2 working pressure above 0．53 Pa．It's about

1．43×10—6 S／cm at the I．6 Pa of N，pressure．In view of

the influence of N2 partial pressure on the N content of the

films，the factor affecting the ionic conductivity is the N

content，The film has more N atoms，the fonic conductivi

P(1,12)lPa

Fig．5 Relationship hetween N2 working pres

sure and ionic conductivity of LiSiPON

ty larger．When the N2 pressure is 0．53 Pa，both the value of N content and the ionic conductivity are the

largest．The reason may be that the N atoms were substituted for oxygen atoms of Li3 P04 molecule frame—

work thus a great deal of intereonnection formed，which was favorable for the lithium ion crossing and

moving．

4 Conclusion

The LiSiPON electrolyte thin films with different N content can be prepared with magnetron sputte—

ring method by controlling N2 working pressure．The N content affected the ionic conductivity of the films

remarkably，With the increasing of N2 working pressure，N content of the films increased and also the ionic

conductivity．When the N2 working pressure is 0．53 Pa，the value of the N content of the film approaches

1 5，1％，andtheionic conductivity also getitsmaximum value，10．4×10 S／cm．However，theN content

and the ionic conductivity decreased gradually when the N，working pressure is above 0．53 Pa．
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