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Abstract 

The read disturb is one of main problem of NAND 

flash memory reliability. As NAND flash memory is 

scaled down, read disturb is degraded because tunnel ox-

ide is thinner and read number is increased due to in-

creased WL string number. Especially read disturb is 

worse in TLC than MLC, because of higher read pass bias 

(VpassR). We carefully investigated FN tunneling phe-

nomena at various electric field range and we found read 

disturb is occurred by low field FN tunneling. Therefore, 

we optimized doping profile of floating gate to minimize 

low field FN tunneling. As a result, we successfully 

achieved good read disturb characteristics compared with 

previous tech NAND flash.  

 

1. Introduction 

As the density of NAND flash memory increases using 

advanced process techniques such as shrinking process and 

multi leveling, the read disturb problem is expected to emerge 

as a major reliability concern for future high-density NAND 

flash memory [1]. Read Disturb errors are an intrinsic result 

of the flash architecture [2]. In NAND flash, data is stored as 

the threshold voltage of each cell, which is based on the log-

ical value that the cell represents. During a read operation, a 

read reference voltage is applied to control gate of selected 

cell. Within a NAND flash block, the transistors of multiple 

cell has a same bit line. Only one cell is selected at a read 

operation. Therefore, in order to read one cell, the unselected 

transistors must be turned on to pass through the value of se-

lected cell read. The pass through voltage (Vpass) should be 

higher than any threshold voltage of unselected cells. Though 

these unselected cells are not read, high pass through voltage 

induces electric tunneling that can shift the threshold voltage 

to higher values. As we scale down the size of NAND flash 

cells, the transistor oxide becomes thinner which increases 

tunneling effect (by Fowler-Nordheim tunneling). As a result, 

read disturb is deteriorated and it takes fewer read numbers 

for unselected cells to become disturbed and move into a dif-

ferent logical states.  

To improve read disturb, we investigated read disturb at 

the point of FN tunneling.  

 Each NAND flash cell has different Fowler-

Nordheim (FN) tunneling characteristics because of 

process variation. 

 FN tunneling can be suppressed by changing band 

structure of floating gate. 

In this paper, we improved read disturb of 1znm TLC 

NAND flash memory by engineering electron band structure 

of floating gate. 

 

2. General Instructions 

NAND Flash Program Operation and Read Disturb 

FN tunneling is commonly used for NAND flash cell pro-

graming, allowing a high-efficiency electron transfer to float-

ing gate [3]. The memory cells are programmed by FN tun-

neling of electrons from the inversion layer of substrate to the 

floating gate when a high voltage is applied to the control gate 

while the drain and source regions are grounded [4]. 

The NAND flash cells share one bit line, which is con-

nected to the sense amplifier. In order to read one cell on the 

bit line, all of the other cells must be switched on. We turn on 

these unselected cells by applying the pass through voltage 

which is higher than threshold voltage of unselected cells. 

This pass through voltage can cause the FN tunneling of un-

selected cells to a higher threshold voltage. While a single 

threshold voltage shift is small, such shift can be piled up over 

time, eventually becoming large enough to alter the logical 

state of some cells and generate read disturb errors. 

FN tunneling characteristics 

As we mentioned before, read disturb characteristics has 

relation with FN tunneling. But in some cells, program char-

acteristics is not correlated with read disturb characteristics, 

even though both of two phenomena are related with FN tun-

neling. To analyze this discrepancy between program and 

read disturb characteristics, we measured the threshold volt-

age change of two NAND flash chips by programming with 

various program bias. Figure 1 (a) and (b) show program 

characteristics of two different samples. Sample A and sam-

ple B have same program characteristics in high bias range. 

On the other hand, sample A shows faster program character-

istic than sample B in low bias range, and read disturb char-

acteristics is worse in sample A (Fig.1 (c)). Consequently, 

high bias program and low bias program characteristics are 

different in each cell, and read disturb is occurred by low field 

FN tunneling. 

 

 

Fig. 1 Program characteristics under various program bias and pulse 

count, and read disturb characteristics of each sample. 
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Floating gate doping profile engineering 

FN tunneling is occurred at tunnel oxide interface. There-

fore, FN tunneling is influenced by band structure of tunnel 

oxide interface and floating gate. To modulate band structure, 

we engineered floating gate doping profile which can reduce 

low field FN current. As shown in Fig. 2, we inserted undoped 

poly silicon layer into bottom of floating gate for bane engi-

neering. As a result, low field FN current is decreased in op-

timized floating gate, as shown in Fig. 3. 

At low control gate bias, contrary to conventional floating 

gate, optimized floating gate has depletion layer at the bottom 

of floating gate (Fig.4). And this depletion layer reduces elec-

tric field at dielectric layer. Therefore, low field FN current is 

decreased and read disturb is improved. But high field FN 

current, which is involved in conventional program operation, 

is not changed because depletion layer is not formed at high 

field in optimized floating gate, which means that conven-

tional program operation is not affected by the change of dop-

ing profile. Consequently, as shown in Fig. 5 and Fig. 6, after 

read stress, erase cell Vt distribution shift is decreased and 

max fail bit is decreased by 35% in optimized floating gate. 

  

 

Fig. 2 Schematic structure of conventional floating gate and opti-

mized floating gate. 

 

Fig. 3 Program characteristics of optimized floating gate 

 

Fig. 4 Band diagram of conventional floating gate and optimized 

floating gate 

 

Fig. 5 Erased cell Vt distribution of conventional floating gate and 

optimized floating gate. Optimized floating gate has smaller shift 

than conventional floating gate after read stress. 

 

Fig. 6 Optimized floating gate has better read disturb characteristics. 

 

3. Conclusions 

   We investigated FN tunneling characteristic at various 

electric field range, and found that read disturb is occurred by 

low field FN tunneling. Then we engineered floating gate 

doping profile to minimize low field FN tunneling. As a result, 

we achieved better read disturb characteristics than previous 

tech NAND flash. 
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