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ABSTRACT 

In this paper, a (CoLi)SixOy thin film flash memory 

device was fabricated and demonstrated its electrical 

properties. The (CoLi)SixOy thin film was formed 

using a simple sol-gel spin coating method, which has 

advantages such as low-cost, room temperature 

coating, and can be formed metal oxide film with 

multiple composite elements. The formed (CoLi)SixOy 

thin film was verified by using tunneling electron 

microscope, and the electrical properties of the 

(CoLi)SixOy flash memory devices regarding their 

transfer curves, operation speeds, reliabilities 

including retention and endurance, and stress 

disturbances, were discussed in this paper. The 

obtained results demonstrated that the (CoLi)SixOy 

flash memory devices exhibited good performance, 

such as wide memory window, fast program/erase 

speeds, and low gate/drain disturbance characteristics. 

I. INTRODUCTION 

Nonvolatile memory devices have revolutionized 

the way we store and access data [1, 2]. Flash memory, 

which is one of the nonvolatile memory devices, has 

become a ubiquitous component of our everyday lives, 

powering everything from smartphones, embedded 

systems and artificial intelligence of things (AIOT) [3]. 

The importance of flash memory lies in their ability to 

retain data even when power is ceased, which makes 

them practical for applications where data storage is 

critical or ensure data is not lost in the event of power 

failure [4]. Flash memory devices also have 

advantages such as fast response time, low power 

consumption, and high reliability, making the flash 

memory attractive for many applications [5]. 

Conventional structure for the flash memory 

device uses a floating gate (FG) as the charge storage 

layer. The FG flash memory device possesses 

advantages like simple structure and fast 

program/erase speeds. Despite their many benefits, the 

FG flash memory devices encounter some limitations 

that have to be taken into consideration. One of the 

limitations of the FG flash memory is its shrinking 

capability to smaller feature sizes. Shrinkage of the 

feature sizes makes their reliability problems such as 

programming disturbance, read disturbance, and data 

retention loss [6, 7]. These shrinking induced issues 

become more pronounced at smaller feature sizes, thus 

retard widely applications of the FG flash memory 

devices because their performance and reliability. 

Moreover, as the density of flash memory increases, it 

becomes more difficult to achieve high performance 

and endurance while maintaining reasonable cost and 

power consumption [8]. 

Another structure for the flash memory device is 

silicon-oxide-nitride-oxide-silicon (SONOS), which 

uses Si3N4 as the charge storage layer [9]. The 

dielectric constant of Si3N4 is 7.5 eV and possesses 

2.05 eV barrier height versus silicon. The SONOS 

flash memory device has better charge retention 

storage than FG structure because of its discrete trap 

centers diversely with the thin tunnel oxide [10]. 

However, the challenge for SONOS structure is its 

programming speed. In addition, small barrier height 

of Si3N4 film to silicon may also induces data retention 

issue because the trapped charges thermally de-

trapped from this shallow well easily. For the reasons 

mentioned above, high-k materials such as ZrO2 or 

HfO2 are proposed to replace Si3N4 film in the SONOS 

flash memory [11, 12]. The high-k materials have to 

perform high P/E speed, long retention/endurance 

storage, and little disturbance characteristics for the 

flash memory.  

In this paper, we present sol-gel spin coating 

technique to deposit composited metal oxide high-k 

materials as the charge trapping layer in the flash 

memory device. Compare to other deposition methods, 

the Sol-Gel spin coating method have many merits, 

including low cost, convenient, low temperature 

fabrication, and easy to synthesize composite 

materials [13]. In addition, the sol-gel method can 

easily be done in a normal environment, no need for 

high vacuum and expensive equipment [14]. 

A ternary metal oxide materials (CoLi)SixOy thin 

film was fabricated in this study by using sol-gel spin 

coating method. The (CoLi)SixOy thin film was 

applied in the flash memory devices, serving as the 
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charge trapping layer in the SONOS structure. We 

examined the electrical properties of the (CoLi)SixOy 

flash memory devices including current-voltage 

transfer curves, operation speeds, reliability and 

disturbance issues. The obtained results demonstrate 

that the (CoLi)SixOy flash memory devices exhibit 

large memory window, fast program/erase speed, long 

data retention, high endurance cycles, and stable in 

disturbance characteristics. The results indicated 

(CoLi)SixOy thin film is a good candidate for the 

charge trapping layer of flash memory devices. 

II. MATERIALS AND EXPERIMENTS 

1. Sol-gel (CoLi)SixOy thin film coating 
((CoCl2 • 6H2O) (99.5%), LiClO4 (99.5%), and 

SiCl4 (99.5%), which were used as the precursors of 

the sol-gel solution, were purchased from Aldrich. 

Firstly, (CoCl2•6H2O), LiClO4, and SiCl4 powders 

were solved in 2-propanol (IPA) solvent respectively 

with ice-bath to avoid aggregation. The precursors 

used in sol-gel process including metal or metalloid 

were surrounded by different kinds of reactive ligands. 

The precursor solution was stirred vigorously for 30 

min to remain its homogeneous state. Those solutions 

were then mixed together with (CoCl2 • 6H2O) : 

LiClO4 : SiCl4 : IPA = 1:1:1:1000 in molar ratio, and 

stirred for 30 min to prevent  precipitation.  

To form a sol-gel thin film, the precursor solution 

were spin-coated on the silicon substrates at rotation 

speed of 3000 rpm for 60 sec. by using Tokyo Electron 

Limited spin coater system (Clean Track model-MK8). 

After spin-coating, these samples were subjected to 

rapid thermal anneal at 1050 oC for 60 sec in an O2 

ambient. This process was to ensure the gel film 

transferred into a solid thin film of spinodal 

decomposition. The flow chart of sol-gel process to 

form the (CoLi)SixOy thin film is depicted in Figure 1. 

 

 
Figure 1. Flow chart of the (CoLi)SixOy thin film 

fabrication by using sol-gel spin coating to form the 

flash memory device. 

2. Flash memory device fabrication 

The nonvolatile flash memory device was 

fabricated using standard MOSFET process. A 6 inch, 

p-type (100) silicon wafer was used as the substrate. 

Firstly, a stack film of SiO2/Si3N4 was deposited, and 

then the 1st pattern was defined. A wet oxidation 

process was conducted to form SiO2 isolation, while 

area where the Si3N4 exposed did not form oxide film 

because the Si3N4 was dense for oxygen to penetrate. 

As a result, a local oxidation of silicon (LOCOS) was 

done. After SiO2/Si3N4 was removed, a high quality 5-

nm SiO2 film was formed to serve as gate oxide by 

using dry oxidation, the sol-gel precursor solution with 

the same concentration mention above was spin coated 

on the gate oxide, followed by a rapid thermal 

oxidation process at 1050 oC for 60 sec to form a stable 

(CoLi)SixOy thin film, then a 30-nm blocking oxide 

was deposited. A 200-nm polycrystalline silicon film 

was continuously formed. The 2nd mask was 

performed to form the gate structure, then As+ ion 

implantation was executed for lightly-doped drain.  

A TEOS oxide was deposited and etched back to from 

sidewall spacer, followed by 2nd As+ ion implantation 

and rapid thermal anneal were conducted to form 

source/drain. A 500-nm-thick TEOS oxide was 

deposited and then 3rd mask was performed to define 

contact hole. After dry etch process to open the contact 

hole, a Ti/TiN/AlSiCu/TiN stack layer of metal pad 

was deposited. Finally, the 4th mask was performed, 

followed by metal dry etch process to define the metal 

electrodes of source, drain, and gate. The schematic 

presentation of the fabricated sol-gel flash memory 

devices is depicted in Figure 2. 

The microstructure of the (CoLi)SixOy thin film 

was examined using high resolution transmission 

electron microscopy (HRTEM). The electrical 

characteristics of the flash memory devices were 

measured using an Agilent 4156 semiconductor 

parameter analyzer. The feather sizes of the measured 

devices reported in this paper had a channel width and 

length of 10 and 0.35 μm, respectively. 

 

 

 

Figure 2. Schematic diagram of the flash memory 

structure by using sol-gel derived (CoLi)SixOy thin 

film as the storage layer. 
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 Figures 3 depicts the cross sectional HRTEM 

image of the (CoLi)SixOy thin film formed on SiO2 and 

after 1050 oC 60 sec RTO anneal. The average 

thickness of the sol-gel derived (CoLi)SixOy thin film 

is around approximately 3 nm. The fabricated thin film 

shows a very smooth interface, indicates that high 

quality of the (CoLi)SixOy thin film by using sol-gel 

method, and is suitable for flash memory applications. 

 

Figure 3. HRTEM image of the (CoLi)SixOy thin 

film on SiO2 after 1050o C anneal for 60 

sec. 

 
Figure 4. Id-Vg curves of the sol-gel derived 

(CoLi)SixOy flash memory devices at 

fresh, program, and erase states. 

 

Figure 4 shows the drain current versus gate 

voltage (Id-Vg) characteristics of the MOSFET device 

using (CoLi)SixOy thin film as the charge storage layer 

of the flash memory. The black, red and green curves 

shown in the figure represented the flash memory 

device operated under fresh, program and erase states, 

respectively. The Id-Vg curves of the memory device is 

very similar to that of MOSFET device, and the on/off 

current ratio can be up to 8 orders of magnitude. For 

programming operation, the channel hot electron 

injection (CHEI), and Vg = 10 V and drain voltage (Vd) 

= 9 V with 100 ms stress was applied to the memory 

device [15]. For erasing operation, band-to-band hot 

hole injection (BBHHI), and Vg = −6 V and Vd = 10 V 

with 10 ms stress was used [16]. For the device at fresh 

state, the threshold voltage (Vth) was estimated to be 

6.8 V. After programming operation, the transfer curve 

shifted to right, and the Vth was increased to 10.1 V. 

As the device was applied erasing operation, the curve 

shift back to the original position. The memory 

window of the (CoLi)SixOy flash memory device was 

3.3 V, which was larger than other memory devices 

reported previously [17].  

 Figure 5 shows the program speeds of the 

(CoLi)SixOy flash memory device under various 

operating conditions. Here the CHEI method was also 

used for programming operations, and the applied 

voltages were: (1) Vg = 8 V, Vd = 8 V, (2) Vg = 9 V, Vd 

= 9 V, and (3) Vg = 10 V, Vd = 9 V. The obtained results 

indicate that the Vth shift increases when the 

programming time is increasing. The same results can 

also be observed as the the applied Vg is increased. All 

the results could be explained by the phenomenon of 

hot electrons injection. That is, when increasing 

programming time or gate voltage, more energy 

applied to the to the flash memoey devices, then more 

hot electrons was injected through gate oxide and into 

the (CoLi)SixOy trapping layer [21]. The largest Vth 

shift could reach up to ~5 V for Vd = 10 V, Vg = 9 V 

and 1-s programming operation. 

 

 
Figure 5. Program speed characteristics of the 

(CoLi)SixOy flash memory device under different 

operation conditions. 

 

Figure 6 shows the erase speed properties of the 

(CoLi)SixOy flash memory device under various 

operating conditions. The erase speed properties were 

measured by using BBHHI method, ans the operating 

conditions were: (1) Vg = −9 V, Vd = 9 V, (2) Vg = −10 

V, Vd = 9 V, and (3) Vg = −6 V, Vd = 10 V. At the erase 

operation, the memory device was from SET back to 

RESET, thus the Id-Vg shifts leftward, the value of Vth 

shift was negative. Same as program spped, the Vth 

shift increases when the erasing time is increasing. 

Moreover, the results show that both the Vg and Vd 

influence the erase speed, especially the voltage of Vd. 

This rrsult might caused by the effective electric field 

of Vd to eliminate electrons from the charge trapping 

layer in the BBHHI operation. The largest Vth shift 
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could reach up to −4 V for Vg = −6 V, Vd = 10 V and 

1-s erasing operation. 

 
Figure 6. Erase speed characteristics of the 

(CoLi)SixOy flash memory device under 

different operation conditions. 

 
Figure 7. Data retention of the (CoLi)SixOy flash 

memory device at 25 and 85 ℃ 

operations. 

 

 
Figure 8. Endurance of the (CoLi)SixOy flash 

memory device under different operation 

conditions. 

 

The reliability characteristics of the (CoLi)SixOy 

flash memory device were also demonstrated in this 

paper. Figures 7 and 8 present retention and endurance 

characteristics of the proposed memory device, 

respectively. The retention measurements of the 

memories were carried out from 1-10000 s under 25 

and 85 °C conditions. For the device under 25 °C 

measurement, only 5% charge loss was observed at 104 

s retention time, and approximately 10% charge loss of 

the flash memory device under 85 °C measurement. 

The (CoLi)SixOy flash memory device exhibits 

excellent retention properties even at 85 °C and long 

duration time, indicates the sol-gel derived 

(CoLi)SixOy thin film is very suitable to serve as the 

charge trapping layer. The endurance characteristic of 

the (CoLi)SixOy flash memory device for 104 

program/erase (P/E) switching times was shown in 

Figure 8. In this measurement, pulse voltages of Vg = 

10 V and Vg = 9 V for 1-ms were used for programming, 

and pulse voltages of Vg = −10 V and Vd = 9 V for 100-

ms were for erasing operation. As shown in the figure, 

both the Vth of program and erase increase as the (P/E) 

switching times is increasing. The Vth of the program 

state is from 7 V to 7.7 V, whereas the Vth of the erase 

state is from 9.2 V to 10.0 V, after 104 cycle times. The 

Vth shift is higher in the erase state than in the program 

state, implies that the applied voltage might be excess 

during erasing operation [18]. 

Disturbance properties of the (CoLi)SixOy flash 

memory device, including the gate and drain 

disturbances, were also conducted in this paper. The 

disturbance properties, which are associated with the 

device reliability, are more and more important 

because of the integration concern of the memory 

array [19]. The density of the memory devices is 

getting increase, as a result, operation on a device may 

influence the properties of surrounding memory 

devices [20]. Figure 9 presents the gate disturbance 

characteristic of the (CoLi)SixOy thin film flash 

memory device. The gate disturbance was measured 

for the memory device was in the erase state, and the 

gate voltage stresses were applied at Vg = 8 V and 9 V. 

As shown in the figure, the Vth almost unchanged 

when the device was under voltage stress at Vg = 8 V 

for 103 s, whereas for the Vg = 9 V operation, Vth 

shifted by only 0.26 V for 103 s. 

The drain disturbance characteristics of the 

(CoLi)SixOy thin film flash memory device is shown 

in Figure 10. The drain disturbance measurement was 

also conducted in the erase state, and the stress in the 

drain was applied at Vd = 9 V and 10 V. Similar results 

were obtained for Vd = 9 and 10 V stress at 103 s, that 

the Vth shifts were around only 0.03 V. The 

disturbance characteristics of the (CoLi)SixOy flash 

memory devices exhibit excellent performance, 

indicates the (CoLi)SixOy thin film is stable to serve as 

the charge trapping layer for the flash memory devices. 
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Figure 9. Gate disturbances of the (CoLi)SixOy 

flash memory device under different 

operation conditions. 

 
Figure 10. Drain disturbances of the (CoLi)SixOy 

flash memory device under different 

operation conditions. 

IV. CONCLUSIONS 

In this paper, a facile (CoLi)SixOy thin film was 

formed by using simple sol-gel spin coating method. 

The (CoLi)SixOy thin film was applied to serve as the 

charge trapping layer of a flash memory device. The 

cross sectional electron microscopy image 

demonstrated the smooth and uniform thin film formed 

on SiO2 layer. The electrical properties of the 

(CoLi)SixOy flash memory devices regarding the Id-Vg 

curves, program and erase speeds, retention, endurance, 

and disturbances were measured. The program/erase 

memory window of the (CoLi)SixOy flash memory 

device could be up to 3.3 V. For the P/E speed, the Vth 

shift could reach to 2 V at 10-3-s programming for Vd = 

10 V and Vg = 9 V, and -2 V at 10-3-s erasing for Vg = 

−6 V and Vd = 10 V operation. The reliability and 

disturbance characteristics also exhibited excellent 

performace, indicated that the (CoLi)SixOy flash 

memory devices is suitable for a good and stable metal 

oxide composite flash memory.  
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