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Abstract

Abnormal increase of cell-to-cell interference in 2y-nm
NAND flash memory has been discussed. When a p-type
floating gate (FG) and control gate (CG) are introduced, the
depletion region variation depending on operation modes in the
FG and CG affects CG-to-FG coupling capacitance and
threshold voltage variation. It has also been found that there is
a symmetry between n-type FG/CG and p-type FG/CG flash
memory in terms of cell-to-cell interference.

1. Introduction

It is well-known that cell-to-cell interference increases as
NAND flash memory cells are scaled down. It is because
cell-to-cell parasitic capacitance increases as the separation
gap between adjacent cells decreases [1]-[3]. Because
cell-to-cell interference causes threshold voltage variation
(AVr) of a victim cell during read operation, it needs to be
simulated by including all the capacitance components
surrounding a victim cell for the improvement of accuracy.
Recently, NAND flash memory cells whose floating gate
(FG) and control gate (CG) are doped p-type have been
introduced [4], [5]. This paper is contributed to abnormal
cell-to-cell interference of p-type FG/CG cells while n-type
FG/CG case has already been reported elsewhere [1]. In this
paper, it is found that cell-to-cell interference of n- and
p-type FG/CG shows symmetrical relationship determined
by the depletion region variation (AWg,) of FG/CG.

2. Simulation and Results

Three-dimensional device simulation has been performed
by using commercial device simulators. Fig. 1a shows the
simulated 1x2 NAND flash array. Fig. 1b shows its
cross-sectional view in the word-line direction. The
simulated NAND flash cell has a gate length of 2y-nm. For
p-type FG/CG cells, p-type polysilicon has been used whose
work function is 5.17eV. For comparison, n-type FG/CG
cells have also been simulated which use n-type polysilicon
whose work function is 4.05eV. The Vr variation of a victim
cell has been extracted when a neighbor cell is in erase and
program state. Polysilicon depletion and parasitic
capacitance have been included in simulation for higher
accuracy. Fig. 2 shows the abnormal cell-to-cell interference
of n- and p-type FG/CG NAND flash arrays. As shown in
Fig. 2, there is a symmetrical relationship between the n-type
and p-type FG/CG case. It is because p-type FG/CG cells
show the AW, trend opposite to n-type FG/CG cells
depending on the state of victim and neighbor cells. The
AWy, variation of p-type FG/CG cells has been discussed.

Fig. 3 shows the AWy, of a CG as a victim cell is
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changed from the weak erase state (Fig. 3a) to the strong
erase state (Fig. 3b). The variation becomes smaller as the
FG of a victim cell has more positive charge. It is because
the depletion region of a CG is maximized regardless of the
victim cell state when a neighbor cell is the erase state.
However, the depletion region of a CG becomes larger as a
victim cell approach the strong erase state when a neighbor
cell is in the program state. It makes AV decrease.

Fig. 4 shows the AW, of a FG as the victim cell state is
changed from weak program (Fig. 4a) to strong program (Fig.
4b). The variation becomes larger as the FG of a victim cell
has more negative charge. Because the voltage applied to a
CG is the same as the Vp of a victim cell, CG voltage
increases as the victim cell becomes programmed more
strongly. The depletion region of a FG also increases as a
neighbor cell is changed from the program state to the erase
state at the increased CG voltage. Thus, AVr increases.

Fig. 5 shows the cause of abnormal cell-to-cell
interference which is determined by the AW, of a CG as the
victim cell state is changed from weak program (Fig. 5a) to
weak erase (Fig. 5b). The variation becomes larger as the FG
of a victim cell has less positive charge. It is because the CG
depletion region is minimized regardless of the victim cell
state when a neighbor cell is in the program state. However,
the region becomes larger as a victim cell approaches the
weak erase state when a neighbor cell is in the erase state. It
makes AVr decrease. The AWy, of a p-type FG/CG cell
shows the trend opposite to that of an n-type FG/CG cell [1].

A reasonable solution to abnormal cell-to-cell
interference is to increase the doping concentration of a
FG/CG. Fig. 6 and 7 show that cell-to-cell interference is
suppressed as the doping concentration of a FG/CG increases.
In the case of an n-type FG/CG cell, a highly doped CG
reduces AV when a victim cell is in the program state while
a highly doped FG reduces AVt when a victim cell is in the
erase state. On the other hand, a p-type FG/CG cell shows an
opposite trend compared with an n-type FG/CG cell. Thus,
as shown Fig. 8, a highly doped n- and p-type FG/CG cell
can reduce abnormal cell-to-cell interference.

3. Summary

The symmetrical cell-to-cell interference trend has been
observed between the n- and p-type FG/CG NAND flash
array. The symmetrically abnormal cell-to-cell interference
is caused by CG to FG coupling capacitance variation. Also,
the variation is caused by the AWy, of a FG/CG of a victim
cell as the state of a neighbor cell is changed from erase to
program. The interference can be suppressed by increasing
the doping concentration of a highly doped n- and p-type
FG/CG.
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