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ABSTRACT：Co-Al layered double hydroxides (LDHs) thin films were prepared by 

drop-casting process on ITO coated glass substrates. And then the small molecule atrazine was 

adsorbed on the Co-Al LDHs film by impregnation method. Current-voltage characteristics revealed 

nonvolatile resistive switching in Co-Al LDHs adsorbed atrazine films. The Influence of adsorption 

small molecules atrazine on nonvolatile resistive switching behavior in Co-Al LDHs Film has been 

investigated. By varying the atrazine adsorbed content in Co-Al LDHs thin films, the nonvolatile 

resistive switching behavior of device could be adjusted in a controlled way. Entirely different 

nonvolatile resistive switching characteristic, such as write-once read-many-times memory effect and 

rewritable memory effect are discriminable by the current-voltage curves. 
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1. Introduction 

Nonvolatile memory is the basic unit in a computer where data is stored to perform logical 

operations [1-4]. With the development of modern electronic technology and further miniaturization 

of silicon semiconductor devices, new memory technologies have been vigorously developed [5-8]. 

Among these, resistive random access memory (RRAM) is considered the best candidate to replace 

traditional flash memory technology [9-15]. 

Two-dimensional (2D) nanocomposite has realized more than one breakthroughs in material 
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and device issues due to their unique structure stability and functionality [16-23]. In the last few 

years, the 2D transition metal dichalcogenides-based resistive switching memory devices have been 

studied [24-26]. Nevertheless, this material has no high self-selectivity, which prevents large-scale 

integration without use of additional transistors. The reliability of 2D transition metal 

dichalcogenides-based memory devices still poses a problem; moreover, the performance of device 

varies from laboratory to laboratory [27]. While pursuing the robust device performance of 2D 

materials, we also focus on the robust physical research of 2D materials. 

Layered double hydroxides (LDHs), also well-known as hydrotalcite-like compounds, are 

inorganic layered materials which have aroused great concern because of their potential applications 

in adsorption, sensors, electrochemistry and bionanotechnology. The tunable metal ions in a large 

area without altering material structure and anion exchange properties of LDHs materials render it 

promising candidate as ion exchanger and absorbent [28]. In recent years, LDHs are increasingly 

used as biomedical materials. LDHs has a layered structure, a positively charged lamellae structure, 

exchangeable anions between the layers, and adjustable interlayer space. It not only has the 

characteristics of biological drug loading, but also has a good electronic channel building function. In 

this work, Co-Al LDHs is selected as the active layer and the high-speed electron transfer channel 

formed by its layered structure is used to realize the resistive switching effect. Furthermore, 

2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine (atrazine) is known as a n-type 

semiconductor, which belongs to the group of symmetric triazine derivatives，Due to the introduction 

of electron-withdrawing group level halogen atoms, they have good charge transfer ability, Moreover, 

the attraction of the positively charged main plate of CO-Al LDHs to the negatively charged chlorine 

ions of atrazine, makes it easy to adsorb atrazine on the surface of the CO-Al LDHs.  

Make allowances for a large number of researches about resistive switching and memory effects 

[29-32], the influence of adsorbed level on the resistive switching behavior, which seems that further 

research is needed. It is reasonable to expect that adsorbed level will have a noticeable impact on 
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charge transport processes, and consequently will have significant influence on device property [33]. 

In this work, the nonvolatile resistive switching behavior in Co-Al layered double hydroxide 

adsorbed atrazine films was reported. The nonvolatile resistive switching behaviors of the Co-Al 

LDHs adsorbed atrazine films could be adjusted by changing the adsorbed atrazine content in active 

films. write-once-read-many-times (WORM) memory and rewritable memory can be realized by 

adjusting the adsorbed atrazine content on Co-Al LDHs film. 

2. Experimental details 

Co-Al LDHs were synthesized as our previous work [34,35], atrazine (molecular weight: 

217.70) was provided by Shanghai Fusheng Industrial Co., LTD. ITO glass with a size of 1cm × 2cm 

was cleaned by ultrasonic in acetone, methanol and deionized water for 35 minutes successively, and 

then dried in the vacuum drying phase for standby use. The Co-Al LDHs active layers were prepared 

by drop-casting technology on ITO glass substrate and dried at 50 ℃ for 8 h. The dry film was 

impregnated in 10 mg/ml atrazine aqueous solution, and then dried at 50 ℃ for overnight to form 

the Co-Al LDHs adsorbed atrazine active layer. Whereafter, the electrode Al matrix was deposited by 

vacuum evaporation with the help of the mask (100 m in width, 200 m in length). The electrical 

properties of memory devices were characterized by Keithley 4200 Semiconductor parameter testing 

system. During measurement of current-voltage characteristics of the device, the bottom electrode 

was always grounded. 

3. Result and discussion 

Fig.1(a) depicts the chemical structure diagram of Co-Al LDHs. Co-Al LDHs have a typical 

brucite regular octahedron structure. The synusias are composed of metal-oxygen octahedron. 

Because the Co in the center of the octahedron is replaced by Al homocrystals with similar radius, 

there is a large amount of permanent positive charge. The electrical equilibrium is maintained 

between the layers by exchangeable anions. Fig.1(b) depicts the chemical structure of atrazine. 

Co-Al LDHs adsorbed atrazine were used as the resistive switching layer in the devices. Schematic 
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device structure of the Co-Al LDHs adsorbed atrazine-based device was shown in Fig.1(c). The cross 

section of resistive switching layer before deposition of top electrode Al was characterized by 

scanning electron microscopy as shown in Fig. 1(d), it can be seen the thickness of resistive 

switching layer about 150 nm. 

 

Fig. 1. (a) Chemical structure diagram of Co-Al LDHs. (b) Chemical structure of atrazine. (c) 

Schematic structure of the Co-Al LDHs adsorbed atrazine-based memory device. (d) The cross 

section of the resistive switching layer.    

To study the influence of atrazine adsorption on the resistive switching characteristics of Co-Al 

LDHs film, the resistive switching characteristics of films with different impregnation times were 

studied. The immersion time of Co-Al LDHs film in atrazine aqueous solution was set as 3 min, 10 

min, 15 min, 25 min, 30 min and 60 min, respectively. The experimental results show that the 

resistive switching characteristics change significantly with the increasing of the impregnation time. 

The difference of the resistive switching depends on whether the impregnation time is greater or less 

than 15 min. Therefore, the two devices are labeled Co-Al LDHs+Atrazine1(impregnation time is 

less than or equal to 15 min) and Co-Al LDHs+Atrazine2 (impregnation time is greater than 15 min) 

respectively. 

To study the adsorbed atrazine influence on electrical properties of Co-Al LDHs-based memory 
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device, the I-V curves of the device was tested. Fig. 2(a) shows that the Co-Al LDHs+Atrazine1 

memory device is initially at a high resistance state (HRS). The dc voltage scanning sequence 

applied to the device goes from 0 V to +6 V, from 0 V to +6 V, from 0 V to -6 V, and from 0 V to -6 V, 

the voltage sweep step is 0.01 V. During the first positive voltage sweep from 0 to +6 V (the first 

sweep), a sudden current increase took place at 1.22 V, indicating the conversion of the device from 

the HRS to low resistance state (LRS), which amounts to a “writing” process in digital information 

storage, the switching threshold voltage of Vset is 1.22 V. During the succedent sweep2 from 0 to +6 

V, this device still remains in LRS and does not relax to HRS even turn off the power. Whereas, 

when the negative voltage scans from 0 to -6 V (sweep3), a sudden current decrease took place at 

threshold voltage of -4.81 V, manifesting the conversion of the device from LRS to HRS, which 

equals to the “erasing” process in digital information storage. The same goes, the device holds on 

HRS during the succedent sweep4 and maintains in the HRS even after turn off the power. In 

addition, when the switching threshold voltage is reapplied, the device can be rewritten and reerased, 

manifesting that the device has a storage function, and could be reprogrammable. Fig. 2(b) depicts 

the cycling endurance of resistive switching characteristics under 176 consecutive DC voltage 

sweeps. The rewriting ability manifests that Co-Al LDHs+Atrazine1 memory device exhibits 

nonvolatile flash memory characteristics [36]. 

The cumulative probability for resistance in LRS and HRS were also collected for Co-Al 

LDHs+Atrazine1 device as depicted in Fig. 2(c). And the cumulative probability for threshold 

voltage of Vset and Vreset were also analyzed for Co-Al LDHs+Atrazine1 memory device as shown in 

Fig. 2(d), the average voltage required could be use to accomplish set and reset operations was 

stable. 

Except for the I-V characteristics, other features for instance data retention characteristics and 

endurance characteristics under pulsed excitation are also critical to the property for memory device. 

Fig. 2(e) exhibits the effect of the data retention characteristics of Co-Al LDHs+Atrazine1 device. 
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Under a constant voltage of -1.5 V, no significant current fluctuations were observed for both LRS 

and HRS and the ON/OFF resistance ratio could hold on above 104 at -1.5 V. The LRS and HRS are 

also stable up to 104 read pulses of -1.5V (2 ms in period, 1 ms in duration width), as exhibited in Fig. 

2(f), indicating the distinguished stability of Co-Al LDHs+Atrazine1 memory device. 
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Fig. 2. (a) I-V curves of Co-Al LDHs+Atrazine1 memory device. (b) Cycling endurance of resistive 

switching characteristics. (c) Cumulative probability for resistance in LRS and HRS. (d) Cumulative 

probability for threshold voltage. (e) Data retention characteristics of Co-Al LDHs+Atrazine1 device. 
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(f) Endurance characteristics of Co-Al LDHs+Atrazine1 device. 

As shown in Fig. 3(a), the Co-Al LDHs+Atrazine2 device shows entirely different resistive 

switching behaviors. The dc voltage scanning sequence applied to Co-Al LDHs+Atrazine2 device 

goes from 0 V to +6 V, from 0 V to +6 V, from 0 V to -6 V, and from 0 V to +6 V, the voltage sweep 

step is 0.01V. It serves to show, the Co-Al LDHs+Atrazine2 device is initially in HRS. The current 

holds on running at a comparatively low level during the initial stage of the first positive voltage 

sweep until reached to the threshold voltage of 1.37 V. At this voltage site, the current increased 

abruptly from 9.57×10-6 to 0.024 A, indicating the conversion of the device from HRS to LRS. This 

conversion is amout to the “writing” process in a digital memory cell [37]. After this conversion, the 

device holds on in LRS, during the succedent positive voltage sweep2. The succedent negative 

voltage sweep from 0 to -6 V (sweep3) does not switch the device from LRS to HRS, and the device 

keeps its LRS during the following forward scan (sweep4), which manifests that the HRS-to-LRS 

conversion is nonreversible. Once the Co-Al LDHs+Atrazine2 device is converted to LRS, it holds 

on there and cannot return to the original HRS, indicating its nonvolatile features. The nonreversible 

and nonvolatile nature of the LRS manifests that the Co-Al LDHs+Atrazine2 device functions as the 

write-once read-many times (WORM) memory.  

The cumulative probability for resistance in LRS and HRS were also collected for Co-Al 

LDHs+Atrazine2 device as exhibited in Fig. 3(c). And cumulative probability for threshold voltage 

for positive and negative Vset were also analyzed for Co-Al LDHs+Atrazine2 memory device as 

exhibited in Fig. 3(d). 

Fig. 3(e) shows the data retention properties of Co-Al LDHs+Atrazine2 device. Under a 

constant voltage of 0.5 V, no significant current fluctuations were observed for LRS and HRS, and 

the ON/OFF resistance ratio can remain as high as about 103 at 0.5 V. Both of LRS and HRS are also 

stable up to 104 read voltage pulses of 0.5 V (2 ms in period, 1 ms in duration width), as shown in 

Fig. 3(f), indicating the favourable stability of the Co-Al LDHs+Atrazine2 device. 
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Fig. 3. (a) I-V curves of Co-Al LDHs+Atrazine2 memory device with an initial positive voltage 

sweep. (b) I-V curves of Co-Al LDHs+Atrazine2 memory device with an initial negative voltage 

sweep. (c) Cumulative probability for resistance in LRS and HRS. (d) Cumulative probability for 

switching threshold voltage. (e) Data retention characteristics of Co-Al LDHs+Atrazine2 device 

under a constant voltage of 0.5 V. (f) Effect of 0.5 V read pulse on LRS and HRS of Co-Al 

LDHs+Atrazine2 device. 
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For a better understanding of the resistive switching behavior, the I-V characteristics of devices 

were redrawn in log-log scale. Fig. 4 depicts its linear fitting for HRS and LRS. For Co-Al 

LDHs+Atrazine1 and Co-Al LDHs+Atrazine2 device, as shown in Fig. 4(a), the current-voltage 

curve has a linear region with a slope of 1.05 and 1.03 in LRS, which is very close to 1. This 

signifies that I-V relationship of the LRS defers to Ohm’s law. For HRS of devices, I-V curves show 

a linear relationship with slope of 1.07 and 1.11, and then current-voltage relationship converts to 

Child’s law region with slope of 1.87 and 2.09 in the high voltage region, which is very convenient 

for space charge limited conduction (SCLC) law. This process may occur due to traps created at the 

interface between the electrode and the active layer. Here Al atoms diffused into the active layer 

when deposition of the top Al electrode resulting in the formation of impurity band for current 

conduction. As a result, potential band bending takes place at the electrode-active layer 

heterojunction by reason of the trapped electrons. A conclusion can be drawn from the above analysis, 

the conductive behaviors of LRS and HRS are totally different. The LRS follows Ohm’s law, while 

the HRS complies with SCLC law. 
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Fig. 4. Linear fitting the I-V relationship of Co-Al LDHs adsorbed atrazine-based memory devices. 

(a) Co-Al LDHs+Atrazine1 device. (b) Co-Al LDHs+Atrazine2 device 
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To study the influence of the electrical activity of top electrode, the I-V curves of device with an 

Cu act as the top electrode was tested. Cu has more stable electrical activity than Al. But the resistive 

switching behaviors were not observed in device with Cu top electrode as depicted in Fig. 5(a). 

Hence, the resistive switching of Co-Al LDHs adsorbed atrazine-based memory devices should be 

derived from Al filament conducting. The resistance of memory cells has almost nothing to do with 

area, indicating the resistive switching is a local behavior [38]. The filament conducting can be 

further confirmed by dependence of the resistance on the area. As exhibited in Fig. 5(b), there were 

no significant difference in resistance of LRS and HRS among cells with various areas. As a result, 

The above results manifested that resistive switching is a filament conducting in Co-Al LDHs 

adsorbed atrazine device. 
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Fig. 5. (a) I-V curves of device with Cu top electrode. (b) Cell area dependence on LRS and 

HRS. 

In order to analyze the ingredient of the conducting channel, the filament resistivity was 

calculated. In a general way, the diameter of the filament is 8~10 nm for RRAM [39]. The resistivity 

of the filament in our Co-Al LDHs adsorbed atrazine devices was about 2.75×10-8 Ω·cm, because the 

resistance was 3.3577×105 Ω (0.477×10-7 A at threshold voltage of 1.22 V) and the supposed 

diameter and length of the conducting filament is 10 nm and 152 nm (Refer to SEM image in Fig. 
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1d), respectively. The resistivity of the filament in our device is close to the resistivity of bulk Al 

(2.83×10-8 Ω·m at 273 K). The result of the estimate shows that the conducting filament is formed by 

Al. To further confirm this speculation, we have tested the temperature dependence of the resistance 

in LRS of the device as shown in Fig. 6. According to the relationship between resistance and 

temperature, the resistance temperature coefficient is calculated as 4.31×10-3 K-1 [40], as shown Fig. 

6, this confirms the existence of the Al conducting filament. 
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Fig. 6. Temperature dependence of the resistance in LRS of the device. 

As Co-Al LDHs has a hierarchical structure, the high-speed electron transfer channel formed by 

the unique layered structure in its laminates can provide a channel for charge transport in the process 

of resistive switching and guarantee its resistive memory performance. Because Co-Al LDHs is rich 

in electroactive sites and large specific surface area between laminates, small-molecule atrazine is 

easily adsorbed on the laminates surface. In addition, the chlorine ions in atrazine has strong 

reducibility, these characteristics will ensure facilitated charge transfers. 

Due to strong electronwithdrawing ability of Co-Al LDHs main laminate, plentiful electrons are 

captured by the laminate of Co-Al LDHs. Atrazine adsorbed by the host lamina could offers plentiful 

electron pathways throughout the adjacent plates. The Al ions introduced during thermal evaporation 

are easily attracted and reduced to form conductive channels between the laminate of Co-Al LDHs. 

Once the threshold voltage is reached, a larger number of electrons are transferred via the increased 
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number of carrier pathways, leading to a distinct current increase, charge carrier transport along the 

electron pathways via Co-Al LDHs main laminate becomes easier, resulting in the conversion from 

HRS to LRS. When the opposite voltage is applied, the captured electrons are released, which 

resulting in disconnection of channel, hence the device is converted from LRS to HRS. Hence, Co-Al 

LDHs+Atrazine1 devices shows rewritable flash characteristics. With the further increase of 

adsorbed atrazine and the simultaneous increase in chloride ion, more charge carriers being trapped 

before switching, and more Al ions were attracted and reduced to form conductive channels, a large 

number of oxidizing chlorine ions are adsorbed on the Co-Al LDHs main laminate, even if the 

reverse voltage is applied, the carrier channel still exists, Hence, Co-Al LDHs+Atrazine2 devices 

shows nonvolatile WORM characteristics. 

4. Conclusion 

The Influence of adsorption small molecules atrazine on nonvolatile resistive switching 

behavior in Co-Al LDHs Film has been investigated. The nonvolatile resistive switching behavior of 

device could be adjusted in a controlled way by varying the atrazine adsorbed content in Co-Al 

LDHs thin films. Distinctly different nonvolatile resistive switching behaviors, WORM memory 

effect and rewritable memory effect are discernible from the current-voltage characteristics. Both the 

WORM and rewritable devices are stable under constant voltage and continuous pulse voltage stress. 

The nonvolatile resistive switching effects of Co-Al LDHs adsorbed atrazine have been analyzed. 
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Figures

Figure 1

(a) Chemical structure diagram of Co-Al LDHs. (b) Chemical structure of atrazine. (c) Schematic structure
of the Co-Al LDHs adsorbed atrazine-based memory device. (d) The cross section of the resistive
switching layer.



Figure 2

(a) I-V curves of Co-Al LDHs+Atrazine1 memory device. (b) Cycling endurance of resistive switching
characteristics. (c) Cumulative probability for resistance in LRS and HRS. (d) Cumulative probability for
threshold voltage. (e) Data retention characteristics of Co-Al LDHs+Atrazine1 device. (f) Endurance
characteristics of Co-Al LDHs+Atrazine1 device.



Figure 3

(a) I-V curves of Co-Al LDHs+Atrazine2 memory device with an initial positive voltage sweep. (b) I-V
curves of Co-Al LDHs+Atrazine2 memory device with an initial negative voltage sweep. (c) Cumulative
probability for resistance in LRS and HRS. (d) Cumulative probability for switching threshold voltage. (e)
Data retention characteristics of Co-Al LDHs+Atrazine2 device under a constant voltage of 0.5 V. (f) Effect
of 0.5 V read pulse on LRS and HRS of Co-Al LDHs+Atrazine2 device.



Figure 4

Linear �tting the I-V relationship of Co-Al LDHs adsorbed atrazine-based memory devices. (a) Co-Al
LDHs+Atrazine1 device. (b) Co-Al LDHs+Atrazine2 device

Figure 5

(a) I-V curves of device with Cu top electrode. (b) Cell area dependence on LRS and HRS.



Figure 6

Temperature dependence of the resistance in LRS of the device.


