
Accepted Manuscript

Role of metal nanocrystals on the breakdown statistics of flash
memory high-κ stacks

X. Feng, N. Raghavan, S. Mei, L. Du, K.L. Pey, H. Wong

PII: S0167-9317(17)30200-9
DOI: doi: 10.1016/j.mee.2017.05.003
Reference: MEE 10556

To appear in: Microelectronic Engineering

Received date: 20 February 2017
Revised date: 30 April 2017
Accepted date: 2 May 2017

Please cite this article as: X. Feng, N. Raghavan, S. Mei, L. Du, K.L. Pey, H. Wong ,
Role of metal nanocrystals on the breakdown statistics of flash memory high-κ stacks,
Microelectronic Engineering (2017), doi: 10.1016/j.mee.2017.05.003

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

http://dx.doi.org/10.1016/j.mee.2017.05.003
http://dx.doi.org/10.1016/j.mee.2017.05.003


AC
CEP

TE
D M

AN
USC

RIP
T

Role of Metal Nanocrystals on the Breakdown Statistics of Flash Memory High-κ Stacks 

 X. Feng, N. Raghavan, S. Mei
 
et al. (INFOS 2017). 1 

Role of Metal Nanocrystals on the Breakdown Statistics of Flash 

Memory High-κ Stacks 
 

X. Feng
1, 2, ♣

, N. Raghavan
2
, S. Mei

2
, L. Du

1
, K.L. Pey

2
 and H. Wong

3 

 

1
Institute of Microelectronics and Nanoelectronics, Zhejiang University, Hangzhou, China. 

2
Engineering Product Development Pillar, Singapore University of Technology and Design, Singapore. 

3
Department of Electronic Engineering, City University of Hong Kong, Hong Kong.

 

♣
E-mail: fengxuan@zju.edu.cn, Ph: (+65) 8379 7185. 

  
ABSTRACT 

 

We present a statistical perspective of the dielectric breakdown characteristics of flash memory 

devices constituting Au nanocrystallites (NCs) embedded in HfO2 successfully by using a defect 

generation and clustering model. The significant clustering and apparent high breakdown voltage 

in the NC sample are well-explained with the present of non-uniform spatial electric field 

patterns in the vicinity of the NCs. Simulation results for NC-embedded high-κ dielectrics reveal 

some regions with suppressed and some with enhanced electric field in the dielectric film, with 

the field magnitude depending on the accumulated charge (Qi) in the NC and the size of NC. 

From the breakdown tests, a positive correlation between the Weibull slope (β) and the ramp rate 

(RR) is observed, which is attributed to oxide thinning effect. In addition, temperature dependent 

current-voltage (I-V) characteristics clearly reveal that the change in E-field in the NC embedded 

stacks influences the voltage transition point for different conduction mechanisms to occur. 

INDEX TERMS – Breakdown, Clustering model, Flash memory, High-κ dielectrics， Metal 

nanocrystal, Percolation. 
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