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Abstract: The LiSiPON electrolyte films were prepared by magnetron sputtering method with different N,
working pressure, The structure, morphology, composition and the relationship between ionic conductivi-
ty and N content were studied in detail. The result showed that N content in the films depended on N,
partial pressure. With the N; partial pressure increasing, N content increased firstly and gained a maxi-
mum values then decreased, N content in the LiSiPON films affected the ionic conductivity of the films,
The ionic conductivity of the films increased with the N content increasing, and could reach a maximum
value 10, 4 X 1078/ cm,
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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 energy!" @, Li-ion conducting, inorganic. solid electrolyte films have been used for fabricating
all-solid-state thin film lithium batteries and several kinds of materials for electrolyte films have been stud-
ied nowadays.

Kanchorit™ reported the fabrication of all-solid-state thin film lithium batteries using Lis ¢ Sio.s Po.a O,
film as electrolyte film. Levasseur™ and Creust™ studied the Li;O-B,3,-Li; SO, and Li, $-5iS,-P, S, electro-
lyte thin {ilm respectively, and used them for fabricating all-solid-state thin film lithium batteries success-
[ully. Bates® made use of Liy ; PO; ; Ny 17 (LiIPON) as electrolyte film and fabricated several kinds of all-sol-
id-state thin film lithium batteries, such as Li/LiPON/LiCoQO, and Li/LiPON/V,Q;. Liu'™ deposited
LiPON electrolyte thin films by nitrogen plasma-assisted deposition coupled with electron-beam reactive e-
vaporated Li; PO, and prepared a new all-solid-state thin film lithium battery of Li/[iPON/Ag, : V.0;.
Leet®® investigated the Li; SiPON electrolyte thin films with different composition and fabricated a lithium
battery of LiCoOQ, /LiSiPON/Si,; Vo s.

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 paper, 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 N; working pressure.

2 Experimental

LiSiPON electrolyte thin films were deposited by magnetron sputtering method with different N, work-
ing pressure. The target for LiSIPON electrolyte was made by cold pressing then sintering the mixture
comprising a lithium phosphate/lithium silicate, 0. 6Li; PO, = 0. 4L, 8i0; at 1050°C {for 5 h in air. The di-
ameter of sputtering target is about 60 mm. In the depositing procedure, the distance between the target
and substrates, depositing power and substrate temperature were fixed at 60 mm, 130 W and ambient tem-
perature, respectively. The working gasis pure N;(99. 59%) and the gas flow was 20 cm®/min, The rela-
tionship between N content and ionic conductivity of LiStPON electrolyte films was investigated in detail by
controlling the N; working pressure (from 0. 13 Pa tol. 6 Pa) during depositing process.

For measurement of the lithium ionic conductivity of LiSiPON electrolyte, Pt/LiSiPON/Pt sandwich
structure was made on silicon substrate with a typical thickness of 1. Opm and area of 0. 08 cm®. The ac im-
pedance measurement to determine ionic conductivity was carried out with EG&G M388 (Model 273A).
electrochemical impedance analysis system in the range from 1 Hz to 100 kHz at room temperature,

The structures of 0. 6Liz; PO, = 0. 4Li;Si0; target and LiSIPON electrolyte films were studied with X-ray dif-
fraction (XRD, Rigaku, Japan), The compositions of LISIPON electrolyte films were determined with X-ray photo-
electron spectroscopy (XPS, MKII, V(). The thickness of the films was measured with an Alpha-Step profilome-
ter {Sloan dektak II).

3 Results and discussion

Fig. 1 showed the SEM image of as-deposited LiSiPON electrolyte films. We can 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. 6Li;P(), » 0. 4Li;3i0; target prepared by heating the mixture was
shown in Fig. 2. The (a) curve in Fig. 2 showed that 0. §Li; PO, = 0. 4Li,SiO, target was composed of they-
LisPO, and Li,SO; phasest'™. 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 LiSiIPON 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 activafion 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 been incorporated into the structure of Li;PO,. According to
the XPS data, it can be calculated the stoichiometric composition and N content of the LiSIPON films. The
results were shown in Table 1. The N content of LiSiPON film, 8. 8%, is much small when the N, work-

ing pressure was 0. 13 Pa. With the increasing of N, working pressure, N content also increased and
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reached 2 maximum value, 15.1%, under the N, working pressure of 0.53 Pa, However, when the N,
working pressure is above 0. 53 Pa, the N content become small not large. Ir's only 5.1% when the N,
working pressure i1s 1. 6 Pa, Thereforc, LiSiPON electrolyte films with different N content can be prepared

by adjusting N, working pressure,
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Fig. 3 XPS spectrum of LiSiPON elec- Fig. 4 AC impedance spectra of the
trolyte thin film LiSiPON electrolyte {ilms

AC impedance spectrums of the LiSIPON electrolyte films measured at raom temperature (abqut 237C)
were shown in Fig. 4. The impedance spectrum consists of a high frequency semi-circle and a low frequency
inclined line. The high frequency semi-o1cle can be regard as the bulk LiSiPON 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 electrodes. The influence of
grain houndaries on the conduetivity was not observed from Fig. 4, which showed that the thin film is of a-
morphous structure. The DC impedance of LiSIPON film was determined by selecting the Z. value at the
frequency at which Z,.g,, goes through a local minimum., and the ionic conductivity can be calculated from
o =(d/AY/R, where d is the thickness of the-film, A is the area of the metal contact, and R is the resist-
ance determined {rom the complex impedance plots. The resistance and ionic conductivity of the LiSiPON

films are listed sn Table 1,
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Table 1  Chemical composition, N content and- ionic conductivity of LiSiPON electrolyte films
Simples N; pressure N content Composition Resistance - Tonic conductivity
/Pa /% (atom fraction) /a /(X107 S+ cm™)

a 0,13 8.8 Lz 3 Sig 28 P10 €2 s Na se 434,77 V 2.88

b 0. 40 13.6 Liz.s i, ProOrs No s 145.4 8.61

¢ 0.53 15.1 Liz.Sia 15 ProOvs Non 120. 4 ) 10. 4

d Lo 9,5 Lis 5Sin 01 Pro 02 No s 362.9 3.45

e 1.3 7.7 Liz 1 Sig 13 Pro Qe s Noas 566.5 2.21

f 1.6 5.1 Liz 4S5, 37 Pr.o Oy, No. 875.5 i 243

Fig. 5 showed the relationship between N, partial pres- 1:;

sure and. ionic conductivity of LiSiPON films. The ionic 12+
conductivity of LiSiPON {ilm deposited with 0. 13 Pa of N, :,éw ]
working pressure is very small, only 2.88 X 107° S/em. ¢
The ionic conductivity of the filtms increased with the in- % i
creasing of N; working pressure and reached a maximum ? 67
value, 10, 4X107% §/cm, when the N; working pressure is :‘g‘ 4r
0.53 Pa, However, the ionic conductivity reduced gradual- g 2k
ly when the N; working pressure above 0. 33 Pa, Irs about 0 e
1.43X107° 5/cm at the 1.6 Pa of N, pressure, In view of 00 02 04 OVGP(:I.S)IP:O 214 16 18

the influence of N; 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 ionic conductivi-

Fig. 5 Relationship between N, working pres-

sure and jonic conduchivity of LiSiPON

ty larger. When the N, 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 Li; PO, molecule frame-

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

moving.

4 Conclusion

The LiSiPON electrolyte thin films with diffcrent N content can be prepared with magnetran sputte-

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

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

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

15. 1%, and the ionic conductivity also get its maximum value, 10. 4X107% S/cm. However, the N content

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