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Abstract. Compared with the traditional liquid lithium-ion battery, all solid-state lithium 
battery can significantly improve its safety, specific energy, specific power and cycle 
performance. With the development of smart society, the integration of devices has become a 
trend, and the corresponding energy supply system has gradually attracted attention. Among 
them, all solid-state thin film lithium battery is a better smart device energy unit. The 
deposition techniques of all solid-state thin film lithium battery are compatible with the 
micro-nano techniques of the micro-devices, which is conducive to the integration of the 
micro-devices and the micro-energy sources. This article first introduced the advantages and 
key issues of all solid-state thin film lithium batteries. Next, the deposition techniques of all 
solid-state thin film lithium batteries are introduced. Finally, the latest advances in all 
solid-state thin film lithium batteries are introduced, including flexible all-solid-state Thin-film 
lithium-ion batteries and three-dimensional structure of all-solid-state lithium-ion batteries. 

1. Introduction 
The development of artificial intelligence is based on self-powered smart devices. Traditional liquid 
lithium batteries not only have safety problems, but also do not lead to the miniaturization of the 
devices. All solid-state thin film lithium batteries (TFLBs) with solid electrolytes can overcome these 
difficulties and achieved the high energy densities through the design of structure. Therefore, TFLBs 
as an energy solution of smart devices has received increasing attention. 

The history of TFLBs can be traced back to 1983 at Central Research Laboratory, Japan. TFLBs 
have become the hot topic because of lithium phosphorus oxynitride (LiPON) with high ionic 
conductivity developed by Bates Research Team at Oak Ridge National Laboratory, USA. In recent 
years, there are a series of reviews on TFLBs, including electrolytes, electrodes and key issues [1-4].The 
structure of TFLBs include substrate, cathode collector, cathode, solid electrolyte, anode, anode 
collector, and protective coating, as shown in Fig. 1. 

There are series of issues of TFLBs, such as electrolyte, interface and cathode. The two key issues 
of TFLBs are solid electrolyte with high ionic conductivity and solid interfaces. So it is summarized 
that the two key issues. In order to integrate TFLBs with micro-nano devices, the deposition 
techniques of TFLBs is different from traditional lithium-ion batteries. At present, the deposition 
techniques preparing TFLBs include magnetron sputtering (MS), pulsed laser deposition (PLD), 
atomic layer deposition (ALD) and vacuum evaporation [5,6],etc. This paper systematically summarizes 
the deposition techniques of TFLBs. The structure and application of TFLBs are the latest research 
hotspots. The power density of TFLBs can be significantly increased by the design of 
three-dimensional structures (3D). The application range of TFLBs is increased by preparing the 
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flexible TFLBs. Therefore, this paper summarizes the latest research progress of 3D TFLBs and 
flexible TFLBs. This paper discusses the key issues, preparation techniques and latest developments of 
TFLBs, and tries to show readers the research status and focus of TFLBs. 

 

 

Figure 1. Structure of TFLBs 

2. Key Issues of TFLBs 

2.1 Electrolyte 
According to a chemical composition, the solid electrolyte can be classified into the inorganic solid 
electrolyte, the polymer solid electrolyte, and the composite solid electrolyte. However, in order to 
adopt the micro-nano techniques, the inorganic solid electrolyte is generally used as the electrolyte 
materials of TFLBs. According to the type of crystallization, the solid electrolyte can be classified into 
the amorphous electrolyte and the crystalline electrolyte. The amorphous inorganic solid electrolyte 
can have the large change in composition, and the electrochemical properties of it also exhibit great 
differences. Due to the isotropic nature of the amorphous solid electrolyte, the ion diffusion channel is 
also isotropic. The amorphous electrolyte particles have small interfacial charge transport impedance, 
so that lithium ion is easy to transfer. Therefore, the main factors affecting the ion transport of the 
amorphous solid electrolyte are body impedance and bulk density. The crystalline inorganic solid 
electrolyte generally has a high lithium ion conductivity, and lithium ions can rapidly transfer through 
lithium vacancies or lithium gaps in the solid electrolyte lattice structure. 

The solid electrolyte film is the source of high safety and excellent electrochemical performance of 
TFLBs, but it is also the bottleneck of TFLBs. The solid electrolyte film must meet the characteristics 
of high ionic conductivity, low electronic conductivity, wide electrochemical window and low 
electrode corrosion, etc. In order to get stable ion conductivity, it is necessary to ensure that the 
composition and structure of the electrolyte are controllable. Due to the presence of lithium element, 
the difference in element deposition rate is too large. The composition and structure of the solid 
electrolyte are difficult to control stably. Therefore, the solid electrolyte film can be divided into three 
development generations according to the control difficulty, as shown in Table 1. 

Vacuum evaporation, including oxide amorphous and sulfide amorphous. Oxide solid electrolytes 
are chemically stable, including amorphous borate (Li2O-B2O3-SiO2), silicate (Li2O-V2O5-SiO2) [7], etc. 
The oxide amorphous electrolyte is composed of a network forming oxide (B2O3, P2O5, SiO2, etc.) and 
a network-modified oxide (Li2O, etc.). The network-modified oxide are prepared by adding a lithium 
salt, doping nitrogen and formatting the amorphous-ceramic hybrid structures [8, 9], etc. With the 
deepening understanding on the ion transport mechanism of oxide amorphous electrolyte, the new 
network forming compound is added to the original binary amorphous system to construct a ternary 
system. It is improved by using the "mixed network to form the bulk effect" that ion conductivity and 
chemical and electrochemical stability of the electrolyte system. Sulfide amorphous solid electrolytes 
include Li3N, Li2S, Li2S-SiS2-P2S5, Li2S-GeS2 

[10], etc. Although the ionic conductivity of Sulfide 
amorphous solid electrolytes is higher than 10−5 S/cm, it is deliquescent and cannot be used. The 
sulfide amorphous solid electrolyte is the completely substituted O in the oxide amorphous electrolyte 
structure. Because S is less electron-negative than O, the binding ability to lithium ions is also small. S 
atom radius is larger than O, and a larger ion transport channel can be formed in the network structure, 
which facilitates the transport of lithium ions in the structure. So the amorphous solid electrolyte has 
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an ionic conductivity greater than that of the oxide amorphous solid electrolyte. 

Table 1. The History and Comparison of the Typical Solid Electrolyte 

Categories Period Typical substance of solid electrolyte Characteristics 

The first  1980s 
Li3N, sulfide, amorphous borate 
(Li2O-B2O3-SiO2)、
silicate(Li2O-V2O5-SiO2） 

easy preparation, small 
electrochemical window, 
poor stability 

The 
second  

1990-2000s LiPON 
good overall performance, 
low ionic conductivity 

The third  2010s 

Perovskite structure [Li3xLa2/3-xTiO3 

(LLTO)] 
high ionic conductivity, 
high brittleness 

Anti-perovskite structure (Li3OCl) 
high ionic conductivity, 
synthetic difficulty, poor 
environmental stability,  

NASICON structure 
[Li1+xAlxTi2−x(PO4)3 (LATP)] 

high environmental 
stability, high brittleness 

Garnet structure, Li7La3Zr2O12(LLZO) 
high annealing 
temperature 

The second-generation solid electrolyte is the amorphous thin film LiPON with excellent overall 
performance and 5.5 V electrochemical window. The ionic conductivity of LiPON is μS/cm, which is 
about three orders of magnitude smaller than mS/cm of the liquid electrolyte, so increasing its ionic 
conductivity is the key [11]. In the early years, introducing transition metal elements (Ti, Al, etc.) and 
non-metal elements (Si, B, etc.) to LiPON, and useing "mixed network to form bulk effects" have 
improved the electrical conductivity and electrochemical properties of LiPON. By adding Li2O to the 
target and maintaining the N/P ratio, the activation energy of LiPON was reduced, the LiPON film 
without Li2O residue had 6.4 μS/cm ionic conductivity, and it maintained the good environmental 
stability [12]. After the flexible TFLBs of LiCoO2/LiPON/Li are repeatedly bent for 20000 times, the 
voltage retention rate is as high as 99.73%, and the performance after 100 cycles does not change 
significantly, which show the advantages of LiPON mechanics comprehensive performance. In recent 
years, LiPON has been fabricated into the laminated structure with the solid electrolyte having high 
ionic conductivity, easy large-scale preparation, and poor mechanical or chemical stability, such as 
LiPON/Li-PWON/LiPON [13], LiPON/LLT/LiPON [14] and LiPON/LLTO [15], in order to obtain the 
solid electrolyte films with better comprehensive performance. 

The third generation of solid electrolyte is the crystalline film, including perovskite structure 
[Li0.33La0.56TiO3 (Li3xLa2/3−xTiO3, x=0.11)], anti-perovskite structure Li3OX (X=Cl, Br), NASICON 
structure [Li1+xAlxTi2−x(PO4)3 (LATP)] and garnet structure [Li7La3Zr2O12 (LLZO)]. The perovskite 
structure has the vacancies in the crystal structure, low activation energy (0.35eV), and ionic 
conductivity up to 10−3S/cm. The perovskite structure needs high temperature annealing, but LLTO 
will exhibit heterogeneous phases such as TiO2 after annealing, which affects its ionic conductivity. 
The structural stress generated by LLTO high temperature annealing increases the brittleness of the 
film. The TFLBs of Li/LiPON/LLTO/LiCoO2/SS structure were prepared by layer deposition, and 
achieved 100 cycles of charge and discharge. The anti-perovskite structure has many advantages such 
as high ionic conductivity, low activation energy (0.2-0.3 eV), low electronic conductivity, wide 
electrochemical window, and high temperature resistance, receiving extensive attention. Li3OCl has a 
low annealing temperature and is relatively stable to metallic lithium, providing a solution for the 
safety and lifetime questions in the new generation of battery systems such as sodium ion batteries [16]. 
The NASICON structure has good stability, is unstable to metallic lithium, has a severe grain 
boundary effect, and has an ionic conductivity of only 10−5 S/cm. However, crystalline NASICON 
structural films are difficult to prepare. Although NASICON structural films are unstable to lithium, 
they are stable in air. With the advancement of technologies such as positive and negative electrodes 
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and interface stability, NASICON solid electrolyte films may become indispensable materials for high 
performance TFLBs. The ionic conductivity of garnet structure is generally 3×10−4 S/cm, which has 
become a research hotspot in recent years due to its great comprehensive performance. However, the 
crystallization temperature of LLZO film exceeds 900 °C, which makes crystallization to easily lose 
lithium reducing the performance of battery [17]. 

With the deep understanding of the crystal structure, ion conduction mechanism and the further 
maturity of the preparation techniques, the performance of the first generation have been significantly 
improved; the techniques of the second generation has been established; the third generation with high 
ionic conductivity and practical value have become the research hotspot, providing a wide space for 
the development of TFLBs. 

2.2 Solid Interfaces 
The electrode and the electrolyte are forming space charge region due to their different lithium ion 
concentrations, as shown in Fig. 2. Because the electrode can conduct electrons and lithium ions, the 
space charge area disappears. Due to the only ions conductor solid electrolyte, there is a 
lithium-deficient space charge region.  

The insufficient contact area between electrode and electrolyte results in the large interface 
impedance. The oxidation or reduction reaction of the solid electrolyte occurs to form the solid 
interface, because of the bad stability of it. When the battery is charging and discharging, the solid 
electrolyte is forming by inter-diffusion of lithium ions. Due to the change of the electrode in volume 
at the solid interface, the excessive stress at the solid interface cause poor contact or the increasing 
internal resistance, spatial separation. Therefore, the key to solving the issue of the solid interface is to 
suppress the space charge area, increase the contact area, and reduce the interfacial stress. 

 

 
Figure 2. Li concentration change at solid interface 

There are several reports about to modify the solid interface of TFLBs. The introduction of 
interlayer can generally achieve the modification of the solid interfaces in TFLBs. NbO2 interlayer is 
introduced between LiCoO2 cathode and the electrolyte to reduce the interfacial stress [18]. Al2O3 
interlayer is introduced between LiCoO2 and LiPON, decreasing the interfacial resistance [45]. 
Li4Ti5O12 or LiNbO3 [20, 21] coats LiCoO2 by spraying techniques to suppress the formation of the space 
charge layer. The Si interlayer with the thickness of 20 nm is deposited on lithium metal to inhibits the 
reduction of the electrolyte [22].Thermal annealing can modify the solid interfaces, which significantly 
reduces charge transfer resistance. The solid interfaces can be modified by increasing interfacial 
contact area through depositing the oxide interlayer. 

3. Deposition Techniques 
The deposition techniques of TFLBs can be divided into two categories, physical vapor deposition 
(PVD) and Chemical Vapor Deposition (CVD). PVD is a technique in which a material source is 
vaporized into a gaseous atom, a molecule or a partially ionized ion under a vacuum condition, and a 
film having a specific function is deposited on the surface of the substrate by a low-pressure gas (or 
plasma). The main methods of PVD include vacuum evaporation, sputtering and ion plating, etc.  
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PVD can deposit not only metal films, alloy films, but also compounds, ceramics, semiconductors, 
polymer films, etc. CVD is mainly a technique, forming a thin film by chemical reaction on the 
surface of a substrate using one or several gas phase compounds or simple substances. CVD can be 
used to deposit various single crystal, polycrystalline or glassy inorganic thin film materials. The 
comparison of different deposition technique is shown in Table 2. 

3.1 MS 
MS is a kind of PVD, preparing a plurality of materials such as metal, semiconductor, insulator. MS 
has the advantages of easy control, large coating area, and strong adhesion of films. 

MS can be used to deposit the solid electrolyte thin films. An amorphous electrolyte film with 
1.22×10−6 S/cm ionic conductivity was prepared by using Li2O-B2O3-P2O5 as a target [23]. Using 
amorphous oxide electrolyte target, Li-BPON film has an ionic conductivity of up to 3.5×10−6 S/cm 
and an activation energy of only 0.53 eV prepared by reactive sputtering under N2 atmosphere [14]. The 
ion conductivity of Li6GeS5 electrolyte film prepared by MS is up to 1.7×10−3 S/cm [24]. An amorphous 
thin film LiPON with the ion conductivity of 3.3×10−6 S/cm was deposited by reactive sputtering 
principle [25,26]. The N content has a great influence on the performance of LiPON film [27], and other 
influencing factors including pressure, target-substrate distance, and target density are the main factors 
[28,29]. The ionic conductivity of the perovskite solid electrolyte prepared by magnetron sputtering is 
5.2×10−5 S/cm [30]. The ionic conductivity of the anti-perovskite electrolyte prepared by magnetron 
sputtering is 8.9×10−6 S/cm [31]. Amorphous Li-Si-Ti-PON film prepared by MS under N2 gas, with 
NASICON structure LiTi2(PO4)3 as the target, has the ion conductivity of 9.2×10−6 S/cm [32]. A 
crystalline NASICON structured solid deposited on the ITO amorphous surface by increasing the 
substrate temperature to 400 °C in 65% Ar+35%O2 atmosphere , with Li1.3Al0.3Ti1.7(PO4)3 as the target, 
has an ionic conductivity of 2.46 × 10−5 S/cm [33]. Using sintered ceramics as a target, in a pure N2 
atmosphere, the ionic conductivity of Li-Al-Ti-PON prepared by MS was 1.22×10−5 S/cm [34]. 
Magnetron sputtering causes loss of lithium and affects the performance of the electrolyte. The ionic 
conductivity of the amorphous structure LLTO thin film by MS is 9.4×10−7 S/cm [35]. The LLTO film 
by annealing can get the internal structure of the film to reach or approach equilibrium, further 
eliminating defects [36]. The general MS depositing LLTO films requires consideration of substrate 
temperature, substrate orientation and annealing [25], etc. The crystallization temperature of the garnet 
structure is too high, so the preparation of the amorphous LLZO film is relatively not easy. The 
Li-La-Ti-Zr-O film prepared by co-sputtering using LLTO and LLZO targets has an ionic conductivity 
of 2.83×10−6 S/cm [37]. The Li-La-Zr-O amorphous film was prepared on SiO2-Si sheets by RF 
magnetron sputtering with an ionic conductivity of 4×10−7 S/cm [38]. Li ion conductivity of LLZO was 
determined to be 1.2×10−4 S/cm at room temperature and the activation energy was determined to be 
0.47 eV [39]. 

MS can be used to deposit the cathode electrode thin film. LiCoO2 films can be deposited by MS, 
and rapid annealing can reduce film cracking. The LiCoO2 film prepared by the improved MS has a 
specific capacity of 110 mA•h/g. LiCoO2 film having (101) oriented crystal plane facilitates the 
transport of lithium ions [40, 41]. The thickness of the LiCoO2 film is related to battery attenuation and 
discharge capacity. By preparing the LiCoO2/Ag/LiCoO2/Ag/LiCoO2 structure film with (101) and 
(104) crystal planes, the rate characteristics of the battery can be improved [42]. The FeS2 film with a 
thickness of 365 nm was prepared by MS, and its volume specific capacity was 5 times that of LiCoO2 
film [43]. The crystalline V2O5 film can also be prepared by MS, and its thickness affects the battery 
cyclic performance [44]. Li-Co-Ni-Mn-O film can be deposited by MS, of which (110) surface-oriented 
film amorphous has the best rate performance [45]. The spinel-type cathode electrode can be prepared 
by MS. The spinel structure of LiMn2O4 film as a cathode electrode has good cycle performance [46]. 
MS can prepare the lithium manganese-based cathode electrode film with a high specific capacity. The 
key factor affecting the performance of the cathode film is the stoichiometric ratio of the target. 

MS can be used to prepare component gradient and non-gradient SiCu film anodes. The Cu-rich 
region in the gradient film helps to reduce the accumulation of stress inside the film, thus preventing 
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the cracking of the film in the cycle. Si1−xCx films with different carbon contents can be deposited by 
MS [47]. The SnOx/C composite anode film was prepared by MS, and the carbon played the role of 
electron conductance in the film and relieved the effect of volume expansion [48]. Li4Ti5O12 and TiO2 
anode films were also prepared by magnetron sputtering [49-51]. 

MS can prepare different thin films of TFLBs, so TFLBs can be prepared by MS. However, 
problems such as lithium element loss and film uniformity caused by MS still require further 
exploration. 

Table 2. The Comparison of different deposotion techniques 

Categori
es 

Deposotion 
Techniques 

Characteristics Application 

PVD 

MS 
fast deposition rate, loss of lithium, 
big composition segregation  

cathode, solid 
electrolyte, anode, 

TFLBs  

PLD 
small composition segregation, low 
deposition temperature, poor film 
uniformity 

cathode, solid 
electrolyte, anode 

Vacuum Evaporation 
simple equipment, fast deposition 
rate, poor adhesion and poor 
repeatability 

cathode, solid 
electrolyte, anode 

Ion-beam Sputtering 
slow deposition rate, good film 
quality, poor adhesion 

solid electrolyte 

CVD 

PECVD 
low deposition temperature, good 
film quality, good adhesion 

cathode 

LCVD fast deposition rate, good adhesion cathode 

LPCVD  good film uniformity 
solid electrolyte , 

anode 

MOCVD 
low deposition temperature, slow 
deposition rate, poor film quality 

solid electrolyte 

ALD 
slow deposition rate, good film 
uniformity and quality 

cathode, solid 
electrolyte, anode 

3.2 PLD 
PLD belongs PVD technique, which is a technique of bombarding an object with a laser and then 
depositing the bombarded material on substrates to obtain the thin film. The film prepared by PLD 
technique has the advantages of small composition segregation and low deposition temperature. 

The solid electrolyte can be deposited by PLD. The ionic conductivity of Li2S-GeS2 solid 
electrolyte prepared by PLD is 1.8×10−4 S/cm [23]. The ionic conductivity of LiPON by PLD can reach 
1.6×10−6 S/cm, which can be realized to deposit on flexible substrates, such as carbon tube and mica 
[52]. The ionic conductivity of the perovskite electrolyte by PLD was 6.7 × 10−4 S/cm [53]. The 
preparation of LLTO by PLD requires to consider the influence of substrate temperature and substrate 
orientation on the properties [54]. The solid electrolyte ionic conductivity of the anti-perovskite 
structure by PLD is 0.9×10−5 S/cm [55]. The electrolyte ion conductivity of the NASICON structure is 
2.46 × 10−5 S/cm [28]. The ionic conductivity of the garnet structure is 1.0 × 10−5 S/cm [56]. 

The cathode V2O5 film, LiCoO2 film, spinel LiFePO4 film and LiCoO2 film can all be prepared by 
PLD. The LiMn2O4 film with a preferred orientation of (111) crystal plane and good crystallinity was 
prepared by PLD at the substrate temperature of 700 °C [57]. The LiMnPO4 cathode thin film has lower 
electron conductivity and ionic conductivity at a substrate temperature of 600 °C [58]. The LiNi1−yMyO2 
(M=Co, Al) film doped with Co and Al was prepared by PLD technique. Attention should be paid to 
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the substrate temperature and the oxygen pressure of the cavity during deposition [59]. LiNi0.5Mn1.5O4 
and spinel LiCoMnO4 films can also be deposited by PLD technique [60,61]. 

The Mg2Si anode film was prepared by PLD technique. The specific capacity of  this anode film 
reached 2000 mA•h/g in the range of 0.1～1 V, and there was no significant attenuation after 100 
cycles [62]. The SiCu anode film can be prepared by PLD [63]. The SnO film by PLD has poor cycle 
performance [64]. Li4Ti5O12 and TiO2 anode films can be deposited by PLD [65,66]. Novel anodes, such as 
TiNb2O7 thin film or NiO–NiSe nanocomposite, can also be prepared by PLD [67, 68]. 

PLD can deposit cathode, electrolyte and anode films. The substrate temperature and the deposited 
oxygen pressure are two deposition parameters that are of particular interest when preparing the film. 

3.3 Vacuum Evaporation 
Vacuum evaporation is a kind of PVD. The material evaporates under certain heating conditions and 
flies to the surface of substrate to form a thin film. Evaporation is an early and widely used vapor 
deposition technique, which has the advantages of simple film technique, high film purity and high 
compactness. The evaporation source of vacuum evaporation includes the electric resistance, an 
electron beam, the high frequency method and the laser, etc. 

LiPON and LLTO electrolyte films can be prepared by vacuum evaporation [15]. The cathode V2O5 
film and the metal lithium anode electrode can be prepared by vacuum evaporation technique [69]. 

3.4 Ion-beam Sputtering 
Ion-beam sputtering, belonging to PVD, uses the ion source to generate a certain amount of energy to 
bombard the target under high vacuum, causing it to be sputtered out and deposited on the substrate to 
form a film. LiPON films can be prepared by ion-beam sputtering with an ionic conductivity of 6.0 × 
10−7 S/cm [70]. 

3.5 CVD 
CVD can deposit thin film of TFLBs. Low-pressure chemical vapor deposition (LPCVD) utilizes the 
characteristics of increased gas diffusion coefficient at low pressure to accelerate the transport rate of 
gaseous reactants and by-products, increase the reaction rate of forming thin films, and prepare 
LiCoO2 cathode electrode film [71]. Plasma-enhanced chemical vapor deposition (PECVD) uses a 
kinetic energy of electrons in a plasma to excite the chemical vapor phase reaction, preparing the 
spinel LiMn2O4 cathode electrode film [72]. Laser chemical vapor deposition (LCVD) is a thin film 
deposition technique in which a laser is used as the heating heat source to induce a gas phase reaction. 
LCVD can be deposited the anode electrode film TiO2 and an electrolyte film Garnet-type 
Li7La3Zr2O12 [73,74]. Metal-organic chemical vapor deposition (MOCVD) is to transfer the metal alkyl 
compound and other components into the reaction chamber, and then the metal organic compound 
decomposes to deposit the metal or compound film. The LiPON electrolyte film by MOCVD has an 
ionic conductivity of 2.96×10−7 S/cm [75]. 

3.6 ALD 
ALD is a technique in which the film can be deposited by layer by layer monoatomic film. ALD is 
similar to ordinary chemical deposition. However, in the atomic layer deposition process, the chemical 
reaction of the new atomic film is directly related to the previous layer, in such a way that only one 
layer of atoms is deposited per reaction. 

ALD technique can be used to prepare 3D TFLBs. LiPON with an ionic conductivity of 6.6 × 10−7 
S/cm can be deposited by ALD [76]. The ionic conductivity of the perovskite structure solid electrolyte 
by ALD is 2×10−8 S/cm [77]. The cathode V2O5 and LiCoO2 films can be depositde by ALD [78,79]. ALD 
can deposit TiO2 and Co3O4 anode electrode film[80,81], and can also be used to prepare nanostructured 
anode electrode, such as Core-shell Si@ TiO2 nanosphere anode. 
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4. Latest Advances in TFLBs 

4.1 3D TFLBs 
3D TFLBs can reduce the volume occupied by inactive materials as substrate and packaging, so it 
increases the volumetric energy density of batteries. 3D TFLBs also enlarge the internal surface area 
between cathode, electrolyte and anode, meaning that batteries have higher current. 3D TFLBs should 
have relatively high current and power density. The schematics of 3D TFLBs are listed in Table 3. 

3D TFLBs can be achieved by changing the substrate structure. Forming microholes in the 
substrate, these microholes provide good support for insulation between the cells. Thin films 
sequentially are deposited in the holes to prepare batteries[82], and the battery structure can be 
integrated with solar cells. Microchannels are formed in the substrate[83,84], which have a typical radius 
between 15 and 50 μm. Stack comprising of cathode current collector, cathode, the solid electrolyte, 
anode, anode current collector, these thin films are deposited by PVD or CVD. The substrate is 
prepared into the special structure, of which the battery is depositde on surface [85]. The fibrous TFLBs 
is prepared by depositing functional layers on the surface of the nano silicon wire, so that the battery is 
expected to be wearable device. Because the diameter of the battery is only a few hundred nanometers, 
it is possible to directly observe the changes in microstructure and surface topography of the battery 
during charge and discharge. 

3D TFLBs can also be implemented by the three-dimensional structure of the electrode. Silicon 
microrods as anode were prepared by deep reactive ion etching in-situ directly on the silicon wafer, 
and then LiPON and LiFePO4 were deposited separately to form the battery [86]. Microrods can also be 
constructed by photolithography and etching [87]. Both cathode electrode and anode electrode can be 
fabricated into microrods structure to realize the preparation of 3D TFLBs. 

Table 3. The schematics of 3D TFLBs 
Change  Structure Schematic Instance 

Substrate 

Microholes 

  

Microchanne
ls 

 

 

Fibrous 
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Electrode Microrods 

  

4.2 Flexible TFLBs 
Flexible TFLBs can be applied to the wearable devices, and the flexibility of its structure can broaden 
the breadth and depth of application of TFLBs. Flexible TFLBs with 10 C discharge were prepared by 
continuous deposition and rapid annealing using flexible mica as substrate [40]. However, the metallic 
lithium anode has poor environmental stability. 300 nm thick Ti film and 300 nm LiPO film are used 
as a protective layer, so that 3 μm thick metal lithium anode electrode is stably present in the air for 1 
h[88]. Research on Flexible TFLBs has received much attention. Flexible TFLBs with 
LiCoO2/LiPON/Li structure have been prepared. After repeated bending for 20,000 times, the voltage 
retention rate is as high as 99.73%. The Flexible TFLBs are stripped from the mica substrate, wrapped 
in the PDMS. OLED is integrated with it to form a flexible device integrating the energy storage and 
the display screen [89], as shown in Figure 3. 

 
Figure 3. Schematic diagram and picture of flexible LED system integrated with Flexible TFLBs[89] 

5. Summary 
The research of solid electrolyte with good stability and high ionic conductivity and the solid-state 
interfaces are still key issues that constrain the performance of TFLBs. The deposition techniques of 
TFLBs need to consider cost and compatibility with micro-nano devices. 3D TFLBs and Flexible 
TFLBs not only increase the power density of TFLBs, but also extend the application of TFLBs. The 
development of TFLBs requires attention to three aspects of materials, techniques and structures. 
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