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Abstract 

We have developed a 40nm ReRAM technology em-

bedded in a foundry-standard CMOS process for low 

power applications. Excellent reliability was achieved in 

8-Mbit 40-nm ReRAM: 100k cycles and 10 years’ reten-

tion at 85 ˚C after 10k cycles were demonstrated resistive 

switching element process technologies and filament 

characterization methods. The potential to widen the 

range of ReRAM applications, such as their use in analog 

neuromorphic devices for low-power neural network 

processors and hydrogen sensors based on ReRAM 

technology, are also described. 

 

1. Introduction 

 In the future, in order to correspond with the IoT era 

when "things" are connected by the network, it is indispen-

sable to drive low battery powered and high-speed pro-

cessing devices. For that purpose, a nonvolatile memory of 

low power consumption, high speed operation, and large 

capacity is required, and resistance variable type nonvolatile 

memory (ReRAM: Resistive Random Access Memory) is 

attracting attention as a promising candidate. 

Panasonic started the mass production of 0.18μm ReRAM 

for wearable and healthcare applications in 2013. We have 

developed a 40nm ReRAM technology embedded in a 

foundry-standard CMOS process in order to meet wider 

application with higher memory capacity and power effi-

ciency [1, 2].  In this paper, we describe process and device 

technologies that realize a 40nm ReRAM process and its 

results, using an 8 Mbit ReRAM array as a test vehicle. 

ReRAM-based devices for artificial intelligence (AI) and 

solutions for a hydrogen economy (Fig. 1), are also demon-

strated. 

 

 

 

 

 

 

 

 

 

 

 
 
 

Fig.1. Panasonic ReRAM development and its applications 

 

2. 40nmReRAM reliability 

First, we describe the operation mechanism of ReRAM.  

 

ReRAM forms conductive filaments in a Ta 2O5 layer having 

insulating properties by first performing an electrical pro-

cess called forming. This conductive filament is formed at 

one location in the Ta 2O5 layer. It is considered that the 

mechanism of the resistance change of the oxidation / re-

duction type ReRAM is that oxygen ions move in accord-

ance with the voltage applied to the electrode, and the re-

sistance value changes due to the increase or decrease of 

oxygen defects in the conductive filament (Fig. 2). 

 

 

 

 

 

 

 

 

Summaries should contain a concise description of the  

 

 
Fig.2. Mechanism for resistance switching of ReRAM 

 

Based on this mechanism, we controlled the parameters of 

Ta2O5 and TaO x and improved the reliability of memory. 

The 8 Mbit ReRAM macro chip shown in Fig. 3(a) was 

used as the test vehicle. Fig. 3(b) was the cross-section of 

ReRAM cell. The cell’s characteristics, endurance and re-

tention properties performances were evaluated. 

 

 

   
(a)                          (b) 
Fig.3. (a) 8Mbit ReRAM macro chip as test vehicle. 

             (b) cross-sectional TEM images of 40nm ReRAM 

 

Figure 4(a) shows HRS and LRS distributions before test-

ing and their 100k cycle endurance characteristics. A suffi-

cient memory window was maintained after testing. Data 

retention after 10k cycles is also shown in Fig. 5(b): its cor-

responding lifetime at 85 ˚C was over 10 years. 
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Fig.4.  

(a) LRS/HRS cell current distributions after 100k cycle’s endurance. 

(b) Data retention after 10k cycles over 10years at 85℃. 

 

3. New approaches for beyond applications 

 Based on our ReRAM mechanism and technologies, we 

have developed new devices for AI and hydrogen gas sen-

sor.  

(1)Resistive Analog Neuro Device (RAND) 

Deep neural networks (DNN) are attracting attraction be-

cause of their self-learning and highly accurate inference 

capabilities. On the other hands, power consumption is one 

of the issues for high performance operations of GPU. 

Figure 5 shows a simple example of numeric recognition 

and the concept of the Resistive Analog Neuro Device 

(RAND). Analog RSEs and diodes are formed and stacked 

in multiple layers like a cross-point cell, with each layer 

acting as a single neural network layer. This RAND device 

has the potential to realize greater power efficiency than 

existing GPU/CPU-based processors. 

 We have designed and fabricated a RAND chip with 

0.18μm ReRAM mass production process, which can flexi-

bly implement various NN architectures in a single chip, and 

demonstrated a good numerical recognition result with high 

power efficiency [4]. 

  

 

 

 

 

 

 

 

   

Fig.5. RAND concept 

 

(2) Resistive Hydrogen Sensor (ReH sensor) 

Unitizing the resistive switching mechanism in the filament, 

a novel hydrogen sensor with an optimized 0.18-μm Re-

RAM process has been developed to enhance the safety of a 

hydrogen-based economy. Figure 6 shows the concept of 

this ReH sensor. Pt, because of its catalytic properties, re-

places Ir as the top electrode. H+ ions are created from H2 

via the Pt electrode, which then react with the oxide in the 

filament, causing the resistive state of the sensor to change 

from HRS to LRS. On applying a reverse bias or by expo-

sure to atmospheric air, the sensor returns to the HRS state. 

It can thus be used repeatedly. Conventional hydrogen sen-

sors require a heater and operate by burning H2, so they are 

energy-draining and need to operate in an oxy-

gen-containing atmosphere. However, the ReH sensor does 

not require a heater, and can work in the absence of oxygen, 

owing to its unique mechanism of action. 

 We have designed and fabricated a ReH sensor chip.The 

power consumption of this sensor is less than 1/10,000 of 

that a conventional sensor with a heater, and good selectivi-

ty against other gases. It has potential for ultra-low-power 

hydrogen-sensing applications, such as battery-operated 

modules for the IoT[5]. 

 

 

 

 

 

 

 

Fig.6. ReH sensor concept 

 

 

 

 

 

 

 

 

 

(a)                              (b) 

          Fig.7. Characteristics of ReH sensor  

              (a) Repetition property of 100% H2 reaction 

 (b)Selectivity against other gas 

 

4. Conclusions 

 Excellent reliability of 100k cycles and 10 years’ retention 

at 85 ˚C after 10k cycles were demonstrated using an 8-Mbit 

test vehicle which constructed in a mass production line for 

40nmCMOS embedded ReRAM. 

The new approaches of ReRAM, which are RAND and a 

ReH sensor, will expand the fields of other applications for 

ReRAM devices. RAND chip and ReH sensor chip were 

also demonstrated unitizing 0.18-μm ReRAM process. 
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