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ABSTRACT 

 

The recent breakthroughs in deep learning have spurred interests in the development of novel 

computing architectures which can overcome downsides of conventional Von-Neumann 

computing architecture. Novel computing architectures utilizing non-volatile memory as 

synaptic devices has the potential to accelerate neural network computations, regarding both 

inference and training, in an area- and energy efficient manner. To realize this potential, one 

needs to address various issues ranging from materials, devices, architectures, and algorithms. 

In this talk, the spiking neural network chip utilizing phase change memory cells as synaptic 

devices will be discussed focusing on how non-ideal characteristics of PCM cells as synaptic 

devices can be mitigated by material, device, circuit and algorithmic level solutions to enable 

scalable learning algorithm on the spiking neural network.    

 

NEUROMORPHIC HARDWARE FOR BRAIN-INSPIRED COMPUTING 

Recent successes in neural network based machine learning have sparked interest in more 

power- and area- efficient neuromorphic computing hardware for spiking neural network, 

which is also called the 3rd generation neural network [1]. Area and power consumption of 

spiking neural network neuromorphic hardware can be reduced even further by using low-

power non-volatile memory (NVM) as synaptic devices [2].  

 

PHASE CHANGE MEMORY (PCM) AS A SYNAPTIC DEVICE 

 

With recent PCM product announcement [3], PCM became one of the most mature emerging-

NVM technologies. PCM stores data by changing the phase of phase change materials 

between crystalline and amorphous phase which have stark difference in their electrical 

resistivity. The conductance of a PCM cell can be gradually modulated by partially 

crystallizing or amorphizing the phase change material in the programming region [4]. 

Therefore, a PCM cell can store an analog synaptic weights in the form of conductance values. 

The array of synaptic PCM cells integrated with peripheral neuron circuits can conduct key 

operations in spiking neural network such as leaky integrate and fire (LIF) and spike-timing 

dependent plasticity (STDP), which could be used to implement machine learning algorithms 

based on spiking neural network [5]. 

 

SYNAPTIC UNIT CELL AND ITS PARALLEL AND ASYNCHOROUS OPERATION 

 

To efficiently implement LIF and STDP, we designed a 2-Transistor 1-PCM Resistor (2T-1R) 

unit cell which are shown in Fig. 1(a) and (b). The upper transistor is used to run the LIF 



operation. On the other hand, the lower transistor is used to run STDP. The separation of LIF 

and STDP path by this 2T-1R unit cell leads to a smaller capacitor size in the periphery 

neuron circuit and asynchronous and parallel operation of individual synaptic and neuron 

devices within a single array. The designed synaptic unit cell and neuron circuit forms a basis 

for an efficient neuromorphic hardware running machine learning algorithms based on spiking 

neural network. 

 

 

Figure 1. The operation of a 2T-1R synaptic unit cell with a single PCM cell representing a 

synaptic weight with analog conductance values in (a) LIF mode and (b) STDP mode. (c) Die 

micrograph of the core with a 64k array of 2T-1R synaptic unit cells, 256 axon drivers, and 

256 neuron circuits [2]. 
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