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Abstract

In this paper, we analyzed hot carrier injection (HCI)
phenomenon due to excessive natural local self-boosting
(NLSB) effect in 3D NAND flash memory. The main cell
channel can easily be the floating state because the chan-
nel is not directly connected to its body, which results in
the down-coupling phenomenon (DCP). This reduces the
NLSB effect, which may cause the channel potential to de-
crease and cause a program disturb. However, if the chan-
nel potential of the selected word line (WL) becomes too
high due to the NLSB effect, HCI phenomenon occurs.

1. Introduction

With the development of highly integrated and low-power
electronic devices such as smart phones, solid-state drive
(SSD), and tablet PCs, demand for NAND flash memories
having the advantages of high speed, small size, and low
power consumption is increasing rapidly. Therefore, the need
for highly integrated NAND flash memory has become in-
creasingly important. However, as the devices are scaled
down, problems such as cell to cell interference (CCI) and
limitations in lithography patterning are encountered [1-3].
These problems can be overcome by using 3D NAND flash
memories. Moreover, the 3D NAND flash memory structure
stacks the cells vertically to increase capacity [4-5]. However,
the channel can be floating because the channel of a 3D
NAND flash memory is not connected to the body. This could
lead to a DCP effect [6]. In addition, when a high voltage is
applied, the electrons of the cell are collected due to the po-
tential difference, and the NLSB phenomenon occurs [7]. The
NLSB effect does not require the local boosting scheme used
in conventional 2D NAND, because it can achieve a suffi-

ciently high potential even if the number of stacks is increased.

In a previous research, we examined the NLSB according to
the changes in pattern and bias and analyzed NLSB effect due
to DCP phenomenon [8-9]. When the channel potential of the
WL selected by the NLSB is increased, a large difference is
generated in the channel potential of the adjacent WL, which
results in a HCI phenomenon. In this paper, we analyzed the
HCI due to NLSB effect. To analyze this phenomenon, 3D
technology computer-aided design (TCAD) simulation (AT-
LAS Silvaco™) was used [10].

2. Experimental methods

In this research, we used a 3D NAND flash memory struc-
ture with 16 WL, ground select line (GSL) and string select
line (SSL) as shown in Fig. 1(a) [6-9]. Fig. 1(b) shows the
cell pattern condition of each WL. In this case, the E and P1
pattern means WL threshold voltage (Vi)and E=-1V,P1=1V.
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Fig. 1. (a) 3D NAND flash memory structure with 16 layers and GSL,
SSL (b) Cell pattern condition for each WL.

Fig. 2 shows DCP, NLSB, HCI timing diagram used for ver-
ification and program sequence. To verify the HCI phenome-
non due to the NLSB effect, the program voltage (Vegm) = 18
V and the pass voltage (Veass) = 6 V, read voltage (Vreap)
are applied to WL8 and others WL, respectively, during the
program operation.
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Fig. 2. (a) DCP, NLSB, HCI timing diagram and voltage bias conditions
(Vrass =6 V, Vegm = 18 V).
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Fig. 3. Channel potential at t2 due to DCP and recovery according to A¢.

- 685 -



After the verification is completed (that is, in the t2 state),

the channel potential is reduced due to the DCP effect [6]. Fig.

3 shows the recovery of DCP as 4¢ is increased by adjusting
At between t2 and t3 in Fig 2. However, when 4¢is 10 s, 100
s, the channel potential of WL 8 decreases, which shows that
the potential of the others WL rises due to charge sharing ef-
fect [11].
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Fig. 4. Channel potential at t5 due to NLSB and NLSB according to A4¢.

When Vpgu is applied, the channel electrons of the neigh-
boring cells move to the selected WL cell due to the potential
difference [7]. Also, as A¢ becomes longer, the DCP is recov-

ered and the channel potential of the selected WL is increased.

This leads to an increase in the potential difference with the
adjacent WL. This causes unintended HCI phenomenon.
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Fig. 5. The electron concentration of the channel after program operation
according to the 4t adjustment by (a) vertical diagram (b) graph.

Fig. 5 shows the electron concentration after the program
operation by adjusting At between t2 and t3 in Fig. 2. As At
becomes longer, the DCP is restored and the NLSB effect be-
comes larger. Therefore, the channel potential of WL 8 in-
creases and the channel potential difference with the adjacent

WLs increases. As a result, the electrons get higher energies
during drifts by a lateral electric field and finally injected into
the nitride of selected cell. The electron concentration of the
channel decreases due to the occurrence of the HCI phenom-
enon.

3. Conclusions

In this paper, we analyzed HCI phenomenon due to exces-
sive NLSB effect in 3D NAND flash memory. DCP reduces
the NLSB effect and reduces the channel potential during pro-
gram operation, which results in program disturb. Therefore,
to maximize the NLSB effect and reduce the occurrences of
program disturb, it is important to reduce the DCP phenome-
non. However, if the NLSB effect is increased and the poten-
tial of the program cell becomes higher, the channel potential
difference with the adjacent cell increases and HCI phenom-
enon occurs. That is, when the NLSB effect becomes small,
program disturb occurs, and when the NLSB effect becomes
too large, the HCI phenomenon occurs. Therefore, it is im-
portant to maintain an appropriate channel potential in 3D
NAND flash memory.

Acknowledgements

This work was supported by Basic Science Research Program through
the National Research Foundation of Korea (NRF) funded by the Min-
istry of Education (2016R1D1A3B03933150) and in part by National
Research Foundation of Korea (NRF) funded by the Ministry of Educa-
tion (2018R1A6A1A03023788) and Korea Institute for Advancement of
Technology (KIAT) grant funded by the Korea Government (MOTIE)
(NO00P00008500, The Competency Development Program for Industry
Specialist).

References

[1] M. Kang, et al., “An accurate compact model considering direct-channel
interference of adjacent cells insub-30-nm NAND flash technologies”,
IEEE Electron Device Lett., vol. 33, no. 8, pp. 1114-1116, Aug. 2012

[2] M. Kang, et al., “The compact modeling of channel potential in sub-
30nm NAND flash cell string,” IEEE Electron Device Lett., vol. 33, no.
3, pp. 321-323, Mar. 2012.

[3] M. Kang, et al., “A compact model for channel coupling in sub-30 nm
NAND flash memory device,” Japanese Journal of Applied Physics,
vol. 50, no. 10, p.0204,2011.

[4] Y. Kim and M. Kang, “Predictive modeling of channel potential in 3-D
NAND flash memory,” IEEE Trans. Electron Devices, vol. 61, no. 11,
pp- 3901-3904, Nov. 2014.

[51Y. Kim, J.-G. Yun, S. Park, W. Kim, J. Seo, M. Kang, et al., “Three-Di-
mensional nand Flash Architecture Design Based on Single-Crystalline
STacked Array”, IEEE Trans. Electron Devices, vol. 59, no.1, pp. 35-
45, Jan. 2012.

[6] Y. Kim and M. Kang, “Down-coupling phenomenon of floating channel
in 3D NAND flash memory”, IEEE Electron Device Lett., vol. 37, no.
12, pp. 1566—1569, Dec. 2016.

[71 M. Kang and Y. Kim, “Natural Local Self-Boosting Effect in 3D
NAND Flash Memory”, IEEE Electron Device Lett., vol. 38, no. 9, pp.
1236-1239, Sept. 2017.

[8] G. Lee, Y. Kim, J. Jeon, M. Kang, “Analysis of NLSB Effect depending
on Cell Pattern and Bias Conditions in 3D NAND Flash Memory”,
ICEIC 2018, pp. 962-963, Jan. 2018.

[91 Y. Jeong, G. Lee, J. Jeon, H.-S. Jhon, Y. Kim and M. Kang, “Analysis
of Natural Local Self-Boosting Effect due to Down-coupling Phenome-
non in 3D NAND Flash Memory”, SSDM 2018, pp. 921-922, Sept.
2018.

[10] Atlas User’s Manual, Silvaco Version. 5.19.20. [Online]. Available:
http://www.silvaco.com/products/tcad/device _simulation/atlas/at-
las.html

[11] B. Choi, et al, “Effect of charge trap layer thickness on the charge
spreading behavior within a few seconds in 3D charge trap flash
memory”, Semicond. Sci. and Technol. , vol. 33, no. 10 ,pp.1-4, Sept.
2018.

- 686 -



