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Introduction

Electrochemical properties of the thin film battery

Discussion

Conclusions
◦ The deposition rate was greatly improved by high-rate pulsed laser deposition (PLD) using a 

high repetition/power laser.  Charge and discharge measurements for thin film battery are 
succeeded and the capacity per area increase 20 times larger than the capacity of previous 
thin film battery. 

◦ Current density dependence of discharge capacity can be analyzed by the behavior according 
to diffusion equation. The cathode thickness dependence of the capacity is restricted by 
lithium ion diffusion for the thickness more than 20 μｍ. 
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(1) 0.32 µm

(1) 2.2 µm

(1) 6.7 µm

(2)

LiCoO2 6.7 μm 
（45% of the theoretical capacity）

LiCoO2 2.2 μm 
（54% of the theoretical capacity）
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is solved by the constant current I and the

diffusion coefficient is  𝐷𝑚. . The time (t*) between

the Li concentration at electrolyte/cathode

interface (x = 0) becomes 0 to C* is;
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approximate equation is
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[2] Tetsuichi Kudo, Mitsuhiro Hibino, Itaru Honma, “Science of Lithium 
Ion Battery”, Uchida Rokakuho, (2010) *in Japanese

The dynamic capacity can be calculated as 𝑞 =

𝑖𝑡∗ . For 
 𝐷𝑚𝑡∗

𝐿2
>

1

3
(for small thickness) ,

approximate equation is

LiCoO2 0.32 μm
（70% of the theoretical capacity）

Electrolyte Cathode Conductor

𝑥 = 0 𝑥 = 𝐿

𝑗𝑒

𝑗Li+ = 𝑗𝑖

Li+ e-

→ 𝑖

High-rate pulsed laser deposition (PLD) was applied for thin-film battery (TFB)

fabrication using with high power/repetition excimer laser. Although solid-state

thin-film batteries have showed excellent cycle stability [1], the capacity have

been limited.

In this study, we applied high-rate deposition of thin-film battery materials by

PLD technique using high repetition/power ArF excimer laser. The

electrochemical properties of TFBs were analyzed using thick cathode films.

[1] N. Kuwata, et al., J. Electrochem. Soc., 157(4) (2010) A521-A527.

.

 𝐷𝑚 = 1 × 10−10 cm2/s

Experimental

PLD system for high rate 

deposition of TFB.
ArF excimer laser,

COMPexPro 205

Conventional system: 60 mJ, 10 Hz

New system: 300 mJ (5 times), 50 Hz 

(5 times)

a-Li3PO4

8000 nm

(1 hour)

LiCoO2

9200 nm

(3 hours)

Li

8500 nm

· 9.2 μm-thick LiCoO2 film can be deposited within 3 h.

· LiCoO2/a-Li3PO4 interface shows good contact.

The deposition rates of the electrolyte

and the cathode increased by 8 times

and 20 times, respectively. The solid-

state batteries shows charge-

discharge cycles successfully.

Target Energy at 
window 
(mJ)

Repetition 
frequency 
(Hz)

Deposition 
time 
(min)

Thickness
(μm)

Deposition
rate
(μm/h)

Li1.2CoO2 90±15 50 60-480 2-26 2-3

Li3PO4 90±15 50 60 3-3.8 3-3.8

Li (VTD) － － 30 10-20

LiCoO2 2.2 μm LiCoO2 6.7 μm LiCoO2 27 μm

Thin-film batteries show reversible

charge-discharge cycle. However, if

the film thickness becomes 27 mm,

the discharge capacity is less than

the theoretical capacity.

Thin-film batteries

Li diffusion in cathode

current collector

Cathode

Solid electrolyte Li+

e-Li

LixCoO2 (x = 0.5 ~0.9)
 𝐷 ~ 10-11 cm2s-1

Initial discharge state

current collector

Cathode

Solid electrolyte Li+

During discharge

e-Li

Cathode

Li1.0CoO2

 𝐷 ~ 10-13

cm2s-1

From PITT experiment, the  𝐷 Li of

LixCoO2 decreases close to the

stoichiometry (x = 1) [2].

At the initial stage of discharge,

thick positive electrode can be utilized

due to fast  𝐷Li.

As the discharge progresses, the Li

concentration near the interface

increases with decreasing the  𝐷 Li.

Thus the utilization decreases.

[2] Gen Hasegawa, et al., Poster

Session, SSI-21, Italy (2017).
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Cathode thickness dependence of the 
discharge capacity

理論容量

LiCoO2

Li1.2CoO2

Maximum capacity, 470

μAh/cm2, was obtained at

20 μm thick cathode.

The capacity agree with

the theoretical capacity

up to 6 μm of the

cathode thickness .

Above 20 μm, the

capacity was

considerably decreased

than the theoretical

capacity.

Theoretical 

capacity


