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Abstract. In this work, we investigated sputtered undoped and N-doped Sb2Te3 films by x-ray 

diffraction and resistance measurements. The application to artificial intelligence synaptic device is 

presented as well. Mean crystal size decreased from 6.8 to 2.9 nm and thus crystal growth was 

significantly suppressed by fine nitrides due to N-doping. The resistivity of as-deposited N doped 

Sb2Te3 could be around 2-3 orders of magnitude higher than that of undoped Sb2Te3 film. The N doped 

Sb2Te3 artificial intelligence synaptic device exhibited nonvolatility from the measured electrical 

characteristics because the states induced by current sweeping were very stable. The increase and 

decrease of conductance corresponding to the long-term potentiation and depression of synaptic weight, 

were demonstrated by current sweepings and voltage pulses, respectively. 

  

1. Introduction 

More and more complex information is required to be processed in the internet of things (IoT) era. 

Current computers are based on von Neumann architecture, which consumes much power especially 

when it is used for image and audio processing. This processing can be conducted efficiently with 

ultralow power and ultrahigh speed by brain-like computers for artificial intelligence (AI) based on 

parallel processing [1]. These promising computers are composed of artificial neurons and synapses. 

Synaptic devices are very important for these future’s computers because the information is processed 

and stored in these devices and their number is 102~104 times that of neurons in our brain [2]. In 

recent years, some synaptic devices were demonstrated using materials such as Mn:HfO2 [2], AgS [3], 

NiOx [4] and so on. However, they did not exhibit sufficiently good endurance, good retention and 

ultrafast speed for the application to artificial intelligence synaptic device. Chalcogenide materials, 

which are used for phase-change memory, showed almost perfect performance such as excellent 

endurance, low power, ultrafast speed, and nonvolatility [5-9]. In this work, we tried to investigate N-

doped Sb2Te3 chalcogenide films and apply them to AI synaptic device for realizing synaptic plasticity, 

which is the most important characteristics for synaptic devices and makes it possible to adjust synaptic 

weight with applied pulses. 

2. Experimental Methods 

A series of 200 nm thick N-doped Sb2Te3 and Sb2Te3 film samples with a thin SiO2 capping layer 

on a glass substrate was prepared by introducing both Ar and N2 into the chamber using a radio 

frequency sputtering equipment (MNS-3000-RF, ULVAC, Inc.) at a background pressure below 5×10-

5 Pa and a sputtering pressure of 0.2 Pa. Resistivity as a function of annealing temperature of films was 

measured by using square-shaped film samples ( ) defined by Ti electrodes. The sample 2mm 1212
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was annealed on a hot plate at each increasing temperature for 3 min. Crystal structures of films were 

characterized by X-ray diffractometer (RINT 2000, Rigaku co.) after annealed on a hot plate for 3 min. 

Current-voltage (I-V) characteristics of the device samples were measured by semiconductor parameter 

analyzer (4200-SCS, Keithley). 

3. Characteristics of N-doped Sb2Te3 Film 

Fig. 1 shows X-ray diffraction patterns of sputtered undoped and N doped Sb2Te3 (N2 gas flow rate: 

1 sccm) films at different annealing temperatures. As shown in Fig. 1(a), the face-centered cubic (fcc) 

crystal was found in as-deposited Sb2Te3 film. Sb2Te3 should have a low crystallization temperature 

of about 100oC. The crystallites formed during sputtering because the sample might be heated up to 

above the crystallization temperature of Sb2Te3 without cooling sample holder. Only the fcc crystal 

structure was detected in Sb2Te3 films annealed at below 200 oC. A hexagonal (hex) crystal structure 

was appeared from the annealing temperature of 250 oC. The transformation of crystal structure from 

fcc to hex can be clearly known from the peak at an angle of 38.4o. Compared with Sb2Te3 film, N-

doped film showed that it was amorphous even when it was annealed at a temperature of 200 oC, as 

shown in Fig. 1(b). Crystallization to a fcc structure was occurred when it was annealed at temperatures 

of 250 and 300 oC. A transformation from fcc to hex was finally observed at an annealing temperature 

of 350 oC. Crystal size as a function of N2 flow rate during sputtering is shown in Fig. 2. Crystal size 

decreased with doping N into Sb2Te3. Mean crystal size decreased from 6.8 to 2.9 nm and thus crystal 

growth was significantly suppressed by fine nitrides due to N-doping. 
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(b) 

 
Fig. 1 X-ray diffraction of (a) Sb2Te3 film and (b) N-doped Sb2Te3 film 
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Fig. 2 Crystal size as a function of annealing temperature 

 

 

Fig. 3 shows the resistivity of undoped (STN0.0) and N doped Sb2Te3 (STN0.5-STN3.0) films at 

different annealing temperatures. The resistivity of as-deposited undoped film was about 3 × 10−3 

Ωm. The resistivity dropped to about 3 × 10−4  Ωm after the film was annealed at 250 oC. The 
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resistivity of as deposited N doped Sb2Te3 films was about 0.7–20 Ωm, 2 or 3 orders of magnitude 

higher than that of undoped Sb2Te3 films. This strongly depended on N2 flow rate. All of these films 

showed a gradual resistivity drop due to crystallization to fcc and then to hex as described above.  
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Fig. 3 Resistivity as a function of annealing temperature 

4. Synaptic device for AI application 

Fig. 4 shows the programming current-voltage (I-V) characteristics of the synaptic device by the 

current sweepings from 0 to the programming currents Ip forward and backward. The active layers of 

the device consisted of 150-nm-thick N-doped Sb2Te3 layer and a top 50-nm-thick TiN layer, as shown 

in the inset of Fig. 4. A protective insulator layer is 250-nm-thick ZnS-SiO2. These layers were all 

deposited using a radio frequency sputtering equipment (MNS-3000-RF, ULVAC, Inc.) at a sputtering 

pressure of 0.2 Pa. The programming currents were from 0 to 2 mA with an increase of 0.1, 0.2 or 0.3 

mA.  

 

 

 

 

 

 

 

 

Fig. 4 I-V characteristics 
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Fig. 5 The long-term potentiation and depression of synaptic weight 
 

The synaptic device exhibited nonvolatility from the measured I-V characteristics because the states 

induced by current sweeping were very stable. The increase and decrease of conductance 

corresponding to the long-term potentiation and depression of synaptic weight, were respectively 

demonstrated by current sweepings and voltage pulses, as shown in Fig. 5. 

5. Conclusion 

Sputtered undoped and N doped Sb2Te3 films were investigated by x-ray diffraction and resistance 

measurements and the application to synaptic device was discussed. We can draw the following 

conclusions based on our experimental results. 

(1) Mean crystal size decreased from 6.8 to 2.9 nm and thus crystal growth was significantly 

suppressed by fine nitrides due to N-doping.  

(2) The resistivity of as-deposited N doped Sb2Te3 could be around 2-3 orders of magnitude higher 

than that of Sb2Te3.  

(3) The N doped Sb2Te3 artificial intelligence synaptic device exhibited nonvolatility from the 

measured electrical characteristics.  

(4) The long-term potentiation and depression of synaptic weight were demonstrated by current 

sweepings and voltage pulses, respectively. 
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