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ABSTRACT 

The performance and reliability of Charge Trap Flash with single 
and bi-layer Si-rich and N-rich nitride as the storage node is studied. 
Single layer devices show lower memory window and poor cycling 
endurance, and the underlying physical mechanisms for these issues 
are explained. An engineered trap layer consisting of Si-rich and N-
rich nitride interfaced by a SiON barrier layer is proposed. The effect 
of varying the SiON interfacial layer position on memory window 
and reliability is investigated. Optimum bi-layer device shows higher 
memory window and negligible degradation due to cycling (at higher 

memory window) compared to single layer films. The role of SiON 
interface in improving the performance and reliability of bi-layer 
stacks is explained.    

[Keywords: SONOS EEPROMs, Charge Trap Flash, Bandgap 
Engineering, Endurance, Data Retention] 

INTRODUCTION 

Over the last few years, NAND Flash memories are experiencing 

tremendous growth because of data storage applications for portable 

electronics. As evident from the ITRS roadmap, NAND Flash scaling 

is progressing at a much faster rate than CMOS logic and is likely to 
hit the “red brick wall” in very near future [1]. It has been shown that 

Conventional Floating Gate (FG) Flash is difficult to scale beyond 

the 3X node due to cell to cell interference, loss of Control Gate to 

FG coupling, reduction in FG volume (hence the number of electrons 
stored per bit) [2] and the inability to scale the tunnel oxide thickness 

below about 7-8nm [1]. Of all the possible alternatives, Charge Trap 

Flash (CTF) [3] is an attractive candidate as it exhibits negligible cell 

to cell interference, planar structure hence better scalability and fully 
CMOS compatible fabrication process. However, CTF suffers from 

conflicting trends in memory window versus data retention and needs 

careful attention before becoming a viable technology option. 

In the past, band gap engineering of the tunnel dielectric [4], [5] 
as well as of the silicon nitride storage layer [6], [7] has been done to 

improve CTF memory window and reliability. The use of multi-layer 

deposited tunnel dielectric [4], [5] instead of conventional thermally 

grown SiO2 may compromise the overall cell reliability, especially 
for Multi-Level Cell (MLC) operation that requires high Write/Erase 

(W/E) voltages for high memory window. Therefore, engineering the 

silicon nitride charge trap layer is a promising strategy to enhance the 

performance of CTF. Nitride composition gradients that resulted in a 
tapered band-gap structure demonstrated high memory window and 

retention but poor cycling endurance [6]. Recently, the use of silicon 

nitride-aluminum oxide-silicon nitride (NAN) composite as a storage 

layer demonstrated high memory window, good data retention and 
cycling endurance [8].  

In this paper, we propose a novel charge storage structure having 

a bi-layer silicon nitride with a controlled silicon oxynitride (SiON) 

interface between the two nitride layers. This band gap engineered 

storage node shows improved performance and reliability over single 

uniform nitride layer (this work) and graded-nitride devices reported 

elsewhere [6]. Comparable performance to the advanced NAN stack 

[8] is demonstrated, though with the advantage of simpler process
integration by avoiding the incorporation of high-k dielectrics. The

physical mechanism behind performance and reliability enhancement

and stack design tradeoffs are discussed.

EXPERIMENTAL DETAILS 

The fabrication process flow of the SONOS structures used in 
this work is illustrated in Table-1. The gate stacks consist of a 3.5nm 
Rapid Thermal Oxide (RTO) as a tunnel dielectric, a LPCVD silicon 
nitride of varying thickness and composition as the charge trap layer, 
and a 8nm High Temperature Oxide (HTO) as a blocking dielectric.  

The Si2H6/NH3 flow rates were varied during the LPCVD 
process to obtain Si-rich (Si+) and N-rich (N+) single layers having 
varying thicknesses (devices D1 through D5 as listed in Table-2). 

The Refractive Indices of N+ and Si+ blanket films were measured 
using a spectroscopic ellipsometer and was found to be 1.983 and 
2.125  respectively, consistent with their compositional difference 
[9]. In bi-layer stacks, Si+ nitride of different thicknesses (see Table-
2, devices D6 through D8) was deposited first, and then partially 
oxidized to produce ~2nm of SiON interface before N+ nitride 
deposition [10]. The position of the SiON interfacial layer depends 
on the initial Si+ nitride thickness as evident in Table-2. N2 anneal

was done after HTO deposition, which was followed by poly 
deposition, implant and activation, gate metallization and gate 
patterning to complete device fabrication.  

The device schematic, trap density and band diagram of single 
layer nitride stacks are illustrated in Fig. 1. The trap density of Si+ 
and N+ layers [11] and the band gaps [6] are indicated in accordance 
with the existing literature. Similar diagrams for the bi-layer nitride 
stacks with the interfacial SiON layer is indicated in Fig. 2. The 
narrow SiON interfacial layer, as depicted with lower trap density 

[12] and higher barrier height [9] in Fig. 2, is consistent with
literature. The different bi-layer stacks (D6 through D8 in Table-2)
have a progressively varying position of the SiON interface, which is
essential to explore optimum interfacial position for best memory
performance and reliability.   The measurements were conducted on
SONOS capacitor squares of length 100µm.

TABLE 1. FABRICATION PROCESS SEQUENCE FOR 
SONOS FLASH CAPACITOR STRUCTURES 

• N substrate wafer clean

• Tunnel oxide (3.5nm),RTO 

• LPCVD nitride storage layer (4/6/8nm) 

• HTO deposited top oxide (8nm) 

• Post HTO anneal 

• Poly deposition (10nm) 

• Boron Implant 

• Metal contact formation

• Backside metallization (Al) 

406

978-1-4244-2050-6/08/$25.00 ©2008 IEEE IEEE CFP08RPS-CDR 46th Annual International Reliability

Physics Symposium, Phoenix, 2008

Authorized licensed use limited to: INDIAN INSTITUTE OF TECHNOLOGY BOMBAY. Downloaded on December 3, 2008 at 01:55 from IEEE Xplore.  Restrictions apply.

YMTC EXHIBIT 1014 
Page 1 of 6



YMTC EXHIBIT 1014 
Page 2 of 6



YMTC EXHIBIT 1014 
Page 3 of 6



YMTC EXHIBIT 1014 
Page 4 of 6



YMTC EXHIBIT 1014 
Page 5 of 6



[6]    K. H. Wu et al, “SONOS Device With Tapered Bandgap 
Nitride Layer”, IEEE Tran. on Electron Dev. v.52 no.5, 2005, 
pp.987-992. 

[7]     H.C.Chien et al., “Two-bit SONOS type Flash using a band 

engineering in the nitride layer”, Microelectron. Eng., v.80,  

2005, pp. 256.     

[8]  Z. Huo et al.,  “Band Engineered Charge Trap Layer for 
highly Reliable MLC Flash Memory”, VLSI Tech. Symp., 

2007, pp. 138-139. 

[9]       S.C Bayliss, “Silicon oxynitride as a tunable optical material” 

Journal of Physics Condensed Matter, v.6,1994, pp. 4961-70. 
[10]   H. Wong et al, “Preparation of Thin Dielectric Film for  

Nonvolatile Memory by Thermal Oxidation of Si-Rich           
LPCVD Nitride”, Journal of Electrochemical Society, v.148, 
2005, pp.G275-G278. 

[11]  K. Tae Hun et al., “Electron trap density distribution of Si-
rich silicon nitride extracted using the modified negative 
charge decay model of silicon-oxide-nitride-oxide-silicon 
structure at elevated temperatures”, App. Phys. Lett., v. 89, 
2006, pp. 63508(1-3). 

[12] S. J. Wrazien et al., “Characterization of SONOS Oxynitride 
nonvolatile semiconductor memory devices”, Solid-State 
Electronics,  v. 47, Issue 5, 2003, pp. 885-891. 

[13]     M. Petersen, “Density functional theory study of deep traps in 
silicon nitride memories” App. Phys. Lett., v.89, 2006, pp.  
053511(1-3). 

[14]     A. Paul et al., “Comprehensive Simulation of Program, Erase 

and Retention in Charge Trapping Flash Memories”, IEDM, 
2006, pp. 1-4. 

[15]    T. Ishida et al., “Characterization of Charge Traps in Metal-
Oxide-Nitride-Oxide-Semiconductor (MONOS) Structures 
for Embedded Flash Memories”, IRPS, 2006, pp. 516-522. 

[16]   D. Kang et al., “Improving The Endurance Characteristics 
Through Boron Implant At Active Edge In 1 G NAND 
Flash”, IRPS, 2007, pp. 652-653. 

[17]    C. H. Lee, “Charge Trapping Memory Cell of TANOS (Si-
Oxide-SiN-Al2O3-TaN) Structure Compatible to 
Conventional NAND Flash Memory”, NVSMW, 2006, pp. 54-
55. 

[18]   V. J. Kapoor et. al, “Chemical Composition, Charge 

Trapping, and Memory Properties of Oxynitride Films for 

MNOS Devices”, J. Electrochem. Soc, v. 137, 1990, pp. 
3589-3596. 

[19]     G. Zhang, “Spatial Distribution of Charge Traps in a SONOS-
Type Flash Memory Using a High-k Trapping Layer”, IEEE 
Tran. on Electron Dev., v.54, no. 12, 2007, pp. 3317-3324. 

 

 

  

411

Authorized licensed use limited to: INDIAN INSTITUTE OF TECHNOLOGY BOMBAY. Downloaded on December 3, 2008 at 01:55 from IEEE Xplore.  Restrictions apply.

YMTC EXHIBIT 1014 
Page 6 of 6




