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Abstract

In 3-Dimentional (3D) SONOS NAND Flash memory,
the variation of threshold voltage (V) due to single grain
boundary (SGB) position and stored electron charges ef-
fect from the adjacent cell was analyzed using TCAD sim-
ulation. As the Bit-Line voltage increases, the position of
SGB causing the maximum Vi variation was shifted from
the center of the channel to the source side. In addition,
the stored electron charges in the adjacent cell can cause
considerable Vi variation depending on the position of
SGB.

1. Introduction

Since 2013, 3D vertical NAND Flash memory has been
successfully adopted to mass production to overcome the
scaling down limitation of planar NAND Flash structure.
Most 3D vertical NAND Flash memories use a poly-silicon
(poly-Si) as a channel layer, and inherently have the grain
boundary problem. When the carriers are trapped in the grain
boundary, it generates a localized potential barrier and de-
grades the electrical characteristics [1]. On the other hand, the
3D vertical NAND Flash mainly adopts charge trap (CT) type
which has less interference effect by the adjacent cells and
has more simpler fabrication process. However, as the scale
down continues, even CT type NAND Flash suffers from the
interference issue due to the potential interaction by the adja-
cent cells [2].

In this work, we investigated the effect of single grain
boundary (SGB) position on threshold voltage (V) variation
according to Bit-Line bias (V4) in NAND flash memory. In
addition, the influence of the electrons stored in the adjacent
cell with various SGB position was analyzed through the po-
tential interaction mechanism.

2. 3D SONOS simulation structure and bias conditions

Figure 1 shows three Word-Line (WL) string SONOS
NAND Flash memory schematic built by Sentaurus (Synop-
sys, Inc) TCAD tool [3]. The detail simulation parameters are
summarized in Table 1.

The two different but important factors are investigated,
resulting in considerable Vg, shift of the target cell: 1) the
SGB position and 2) the stored electrons in the adjacent cell.
In Figure 1(a), the center of the target cell channel is located
at X = 0 nm and the position of SGB is varied. It is assumed
that the SGB is located perpendicular to the channel and SGB
trap has the U-shaped distribution with a value of 102 ~ 104

cm?eV-! in the energy band [4]. The variation of Vi, is ex-
tracted after programming of the target cell. The nitride trap
density (Nnir), 2.2X 10" ¢m™ is used and electron and hole
trap energy level are assumed 1.2 and 2.5 eV, respectively [5-
6]. To observe the influence of the stored charge in the adja-
cent cell, we program the adjacent cell as shown in Figure
1(b) and analyze the V, variation of the target cell. Bias con-
ditions of program and read operation used in the simulation
are summarized in Table 2.

3. Result and discussion

Figure 2 shows the Vy, variation of the target cell with
various SGB position and the V4. As the V4 increases, the in-
fluence of SGB on the Vg, variation can be reduced due to
drain-induced grain barrier lowering (DIGBL) [7]. When the
Vg is applied at 0.1 V, the Vy, variation shows its maximum
at SGB position = 0 nm. The position of SGB causing the
maximum Vy, variation are moved toward the source side, as
the Vg increases. The relation between V4 and the SGB posi-
tion maximizing Vg, variation is investigated in detail using
the conduction energy band (E.) profile in the channel. Fig-
ure 3 shows the E. profile of the target cell at V4 = 0.1 and
1.0 V. When V4 is 1.0 V, the potential barrier of E. is domi-
nant at source side suggesting that the maximum Vg, variation
occurs by the SGB located near source region.

Figure 4 shows the Vy, variation of the target cell due to
the electron charge stored in the adjacent cell, when the SGB
is located at the Middle of the Spacer (GB in MS) or in the
Middle of the Channel (GB in MC). The GB in MS can ag-
gravate the effect of stored electron charge in the adjacent cell.
In contrast, when the SGB is located at MC, the influence of
stored charge can be lowered. The GB in MS can intensify
the potential interaction between the programmed adjacent
cell and the target cell as shown in Figure 5. Contrastively,
the effect of the adjacent cell can be suppressed by GB in MC
where the dominant position of the potential barrier can be
moved from near source to the middle of the channel.

4. Conclusions

The Vy, variation depending on the SGB position and the
stored electrons in the adjacent cell of string SONOS NAND
Flash were investigated. To analyze the Vi, variation effect of
the grain boundary position especially in string NAND struc-
ture, Bit-Line voltage and stored electron charge in the adja-
cent cell need to be carefully considered.
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Fig. 1. (a) A schematic of three Word-Line string SONOS NAND
Flash memory simulation structure with various single grain bound-
ary (SGB) position and (b) the concentration of trapped electron
charge in nitride when the adjacent cell is programmed.

Table I Parameters of three Word-Line string SONOS NAND

Parameter Description Value
L; Channel length (nm) 30
Lgpace Spacer length (nm) 30
Dyw Channel diameter (nm) 30
Tox O/N/O thickness (nm) 4/8/6
N, Channel doping concentration (cm_3) 10"
Ny S/D doping concentration (cm'3) 10
Nyrr Nitride trap density (cm) 22x10"
Ngg Grain boundary trap states (cm'zeV-l) 10” 10"
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Fig. 2. The Vi variation due to various SGB position with Va=0.1,
0.5,and 1.0 V (after the target cell program). High V4 shows obvious

DIGBL effect. i.e the peak AV value reduction and its position shift.

~ 0.4 T T

“a—Without GB
Vd =0.1 V| —amcBar-50m

—=—GBat 0 nm

%\Q}a[.ﬁnm
-

0.4

T T T T
:: —n—Without GB
Vd= 1'0V —a—GB at -5nm
A —e—GBat0nm

/

~#—=GBat5nm

\Ia\'imulx
Barrier
Y

0.1 Height \ (b) Height \

L - 0.1 L
-1 -10 -5 0 5 10 15 -15 -10 -5 0 S
Distance from the middle of the channel, X (nm)

Maximum'
Barrier

Conduction energy band (eV

10 15

Fig. 3. Conduction energy band of the target cell channel with vari-
ous SGB positions (X =-5, 0, 5 nm) at Va=(a) 0.1 and (b) 1.0V
(when VG~Vu). The position of maximum potential barrier height
rather depends on V4 (b), than SGB position (a).

Table II Bias conditions of Program and Read operation

Program Bias (V) Read Bias (V)

SL & BL 0 SL/BL 0/0.1,05,1

Pass WL 6 Pass WL 4.5
Program WL 16 Target WL Upto4
GSL & SSL 4.5 GSL & SSL 4.5
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Fig. 4. The Vi variation of the target cell (WL1) due to stored elec-
tron charge in the adjacent cell (WLO) with various GB position as
a function of the adjacent cell program time. The GB in the Middle
of Channel (WL1) is preferred.
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Fig. 5. The potential barrier of the target cell (WL1) with stored elec-
tron charge in the adjacent cell and various GB position (when Vg~
V). The GB in MS shows higher potential barrier change after the
adjacent cell programmed (12.3 meV) than w/o GB (8.99 meV), and
GB in MC is lower (5.41 meV). These are well-fitted to AV behav-
iors in Fig. 4.

Acknowledgements

This work was supported by Semiconductor Industry Collabo-
rative Project between POSTECH and Samsung Electronics Co. Ltd.,
The TCAD Sentaurus simulator is provided by Electronic Design
Automation (EDA) tool program of IC Design Education Center
(IDEC) in Korea.

References

[1] A. Nitayama and H. Aochi, ECS Trans., 41 (2011) 15.

[2] C.-J. Wu, et al., IEEE IMW Tech. Dig., (2016) 978.

[3] TCAD, Sentaurus Device Manual, Synopsys, Inc., Mountain
View, CA, USA, (2015)

[4] J. Kim, et al., IEEE Trans. Electron Devices, 61 (2014) 2705.

[5] G.-H. Lee, et al., Jpn. J. Appl. Phys., 53 (2014) 014201.

[6] A. Padovani, et al., IEEE Trans. Electron Devices, 58 (2011)
3147.

[7] Y.-H. Hsiao, et al., IEDM Tech. Dig., (2012) 609.

-794 -



