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Abstract 

 In this paper, an atom switch (AS) technology is reviewed 

in view point of realizing a next AI hardware. The nonvol-

atile AS enables us to route signals flexibly with lower 

power, providing an energy-efficient inference accelerator. 

The nonvolatile AS-memory provides on-chip memory 

with high bandwidth. The technology gives the new active 

function, riding next wave of mobile/edge AI computing 

in system on chip.  

 

Introduction 

  In current artificial intelligence (AI) systems in cloud sever, 

GPUs serve as good accelerators of deep learning training [1]. 

Looking to the future, the evolution of AI expands from could 

to edge, and training to inference, in which the neural network 

(NN) inference needs high speed, energy efficiency and flex-

ibility to support various applications in the edge. Therefore, 

beyond von Neumann (e.g. new computing-in-memory 

(CIM) architecture) is strongly desired. Recently, magneto-

resistive RAM (MRAM) [2] and resistive RAM (ReRAM) 

[3] are of great interest and becoming research topics to real-

ize the CIM. 

 On the other hand, a field programmable gate array (FPGA) 

is becoming the next possible solution for NN inference ac-

celerator, having better speed and energy efficiency than 

GPUs [4], in which FPGA can implement high parallelism 

and enables developers to implement only the necessary logic 

in hardware according to the target algorithm. However, the 

FPGA’s logic overhead for reconfigurability and the high 

static power consumption are challenges for the mobile/edge 

inference. Therefore, a nonvolatile FPGA with smaller foot-

pint and instant-on is becoming a strong candidate for the ap-

plication. 

 In this paper, we review an atom switch technology as non-

volatile reprogrammable switch and embedded memory for 

realizing the AI inference accelerator. 

 

Atom Switch 

 The atom switch (a.k.a. NanoBridgeTM) is one of the elec-

trochemical resistive-change devices with the cation types [5-

11] are called solid-electrolyte switch, programmable metal-

lization cell (PMC), electrochemical metallization (ECM), or 

conductive-bridging (CB) cell, which controls metal cations 

extracted from an active electrode to form a metal bridge (me-

tallic pathway, or filament) in the ionically conductive insu-

lator. The switching mechanism of the atom switch is ex-

plained by electrolysis, and it is composed of a solid-electro-

lyte sandwiched between Cu and Ru electrodes (Fig.1). The 

very thin solid-electrolyte makes a high electric field at the 

interface between Cu and the electrolyte, initiating the ioni-

zation of Cu without mobile ions in the electrolyte. Once the 

Cu precipitation makes a conducting bridge between both 

electrodes, the resistive state turns into on-state. The polymer-

solid electrolyte (PSE) enables the forming free programming 

due to the high free volume of the polymers [12]. The on-

resistance of the atom switch can be tuned by a programming 

current [13]. 

 

Complementary Atom Switch (CAS) 
 An off-state lifetime under stress voltage is one of the relia-

bility concerns of the atom switch because the longtime volt-

age stress causes an unintentional precipitation of Cu into the 

electrolyte. A Complementary Atom Switch (CAS) is pro-

posed to improve the off-state lifetime by sharing the stress 

voltage with two atom switches [14]. The 1T1CAS structure 

can replace the conventional CMOS switch composed of 

SRAM and transmission gate (TMG) (Fig.2), giving non-vol-

atility, smaller foot-print and smaller input capacitance. Atom 

Switch FPGA (AS-FPGA) with 51Mb atom switches is fab-

ricated in a 40nm-node, 1P9M CMOS platform (Fig.3). 

 

Atom Switch FPGA 

 The each logic element (LE) in the AS-FPGA composes of 

four pairs of 4-input LUTs and DFFs [15]. Differently from a 

SRAM-based FPGA, the LE includes AS memory for LUTs 

and AS multiplexer (AS-MUX) for connecting LE to and 

routing the inter-wires. The AS-MUX is characterized by a 

single-stage routing and small parasitic capacitance, resulting 

in 3.8x higher operation speed, and 3x higher power effi-

ciency than those of the conventional SRAM-based FPGA 

(Fig.4).  

Atom Switch SoC for Next AI Hardware 

 We propose an energy-efficient, atom switch system on chip 

(ASSoC) to realize a mobile/edge inference in AI hardware 

(Fig.5). The AS-FPGA-IP can work for the inference acceler-

ator, giving us high performance computing with low power 

off/on overhead. The AS-memory gives us low power 

memory access with high bandwidth. Also, programmable 

I/O and bus will be designed by using atom switch, giving 

high flexibility to support various applications. Totally, the 

inference energy is expected to be 1/10 in the ASSoC.  

 

Conclusions 

 The recent progress of the atom switch technology is dis-

cussed. The embedded nonvolatile switch/memory combina-

tion contributes to realize the energy-efficient AI hardware, 

in which software and hardware optimization will be is a key. 
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Fig.1 Schematic images of electrochemical reactions of (a) Cu 

electrolytic refining (liquid-electrolyte) and (b) Cu atom switch 

(solid-electrolyte). Copyright 2017 IEEE. Reprinted, with 
permission, from [13].  

 
Fig.5 Schematic images of AI edge devices, (a) conventional 

SoC, (b) ASSoC. 
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Fig.3 Cross sectional TEM image of a 40nm-ndoe AS-FPGA. 

Copyright 2018 IEEE. Reprinted, with permission, from [17]. 
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Fig.2 Schematic images of switch components in FPGAs,  

(a) SRAM + TMG, and (b) 1T1CAS [14].  
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Fig.4 Shmoo pots of application (16b-ALU) on (a) SRAM-

based FPGA and (b) AS-FPGA. Copyright 2017 IEEE. Re-

printed, with permission, from [16]. 
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