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Abstract 

In order to overcome the limitation of cell area of 4F' 
per bit in conventional NAND Flash Memory cells, 
- Stacked-Surrounding Gate Transistor (S-SGT) structured 
cell is proposed. The new structured cell achieves cell area 
of 4F2/N per bit, where N is the number of stacked memory 
cells in one silicon pillar, without using multi bit per 
memory cell technology. The S-SGT structured cell 
consisting of 2 stacked memory cells in one silicon pillar 
achieves cell area per bit less than 50% of the smallest 
reported NAND structured cell. The novel S-SGT structured 
cells are fabricated by vertical self-aligned processes using a 
0.2pm design rule. -The S-SGT structured cell can be 
programmed and erased by uniform injection and uniform 
emission of Fowler-Nordheim (F-N) tunneling electrons 
over the whole channel area of the memory cell, respectively, 
the same as conventional NAND structured cell. This high 
performance S-SGT structured cell is applicable to 
high-density nonvolatile memories as large as 16G / 64G bit 
Flash Memory or beyond. 

Introduction 

With the development of ULSI technologies, bit 
density of nonvolatile memories, especially Flash Memory, 
is undergoing revolutionary growth. To realize over Gigabit 
density memories, current Flash Memories have been 
simply shrunk by introducing self-aligned floating gate 
structure, self-aligned STI structure and scaled dielectric. 
However, the current Flash Memory cell is now beginning 
to reach limitation in scaling law, because it is hard to 
reduce memory cell area per bit itself, spacing between 
neighboring memory cells, spacing between gate electrode 
and drain contact hole, contact hole size and source line. 
Therefore, NAND structured Flash Memories had been 
proposed [I]. However, the conventional Flash Memory 
have been based on the two dimensional memory array 

architecture. This two dimensional memory array 
architecture doesn't use three dimensional space sufficiently. 
Moreover, these conventional Flash memories have the 
limitation of cell area of 4F2 per bit, where F is a minimum 
feature size. 

Therefore, Stacked-Surrounding Gate Transistor 
(S-SGT) structured cell is proposed, in order to overcome 
the limitation of cell area of 4F2 per bit in conventional 
NAND Flash Memory cells. The S-SGT structured cell 
consisting of 2 stacked memory cells in one silicon pillar 
described in this paper achieves cell area per bit less than 
50% of the smallest reported NAND structured cell [2]. The 
novel S-SGT structured cells are fabricated by vertical 
self-aligned processes using a 0.2pm design rule. The 
S-SGT structured cell can be programmed and erased by 
uniform injection and uniform emission of 
Fowler-Nordheim (F-N) tunneling electrons over the whole 
channel area of the memory cell, respectively, the same as 
conventional NAND structured cell. 

This paper describes the cell structure, fabrication 
process and operation principle of new S-SGT structured 
cell. 

Cell Structure 

The structure of the proposed cell arranges bit line 
contact, first select gate, 2 SGT type memory cells, second 
select gate and source line in series vertically in one silicon 
pillar, as shown in figure l(A)(B)(C). The SGT type 
memory cell is structured that floating gate and control gate 
surround the silicon pillar [3]. All devices for the proposed 
cell are vertically stacked in one silicon pillar, therefore, the 
S-SGT structured cell does not need additional area such as 
bit line contact, 2 select gates and source line, while 
conventional NAND structured cell [2] needs this additional 
area. 

The new structured cell achieves cell area of 4F2/N per 
bit, where N is the number of stacked memory cells in one 
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silicon pillar, without using multi bit per memory cell 
technology. The S-SGT structured cell consisting ,of 2 
stacked memory cells occupies only an area of 4F- and 
achieves cell area of 2F' per bit as shown in figure l(C). 
Otherwise, conventional NAND structured cell requires cell 
area of 8F' per bit as shown in figure I(D). As shown in 
figure I(E), the equivalent circuit of S-SGT structured cell is 
the same as that of conventional NAND structured cell. 
Figure 2 shows ratio of occupied area per bit as function of 
number of stacked memory cells in one silicon pillar in 
comparison with the smallest reported cell area per bit of 
conventional NAND structured cell. As the number (N) of 
stacked memory cells in one silicon pillar increases, the 
S-SGT structured cell can reduce to cell area per bit in 
proportion to 1/N. As a result, the S-SGT structured cell can 
realize a drastically smaller cell area per bit than the smallest 
reported NAND structured cell. 

Fabrication Process 

The S-SGT structured cell consisting of 2 stacked 
memory cells is fabricated using a 0.2pm process as shown 
in Figure 3. The fabrication sequence for the proposed cell is 
shown in Figure 4. A sidewall mask is formed after first Si 
etching as shown in figure 4(A). Then, the first memory cell 
region is formed by the second Si etching. Then a sidewall 
mask for the third Si etching is formed as shown in figure 
4(B). This sequence of Si etching after forming a sidewall 
mask is additionally two times repeated for forming a 
second memory cell region and a second select transistor 
region. After removing all sidewall masks, the gate poly-Si 
is deposited following gate oxidation. Two select gates and 
two floating gates are vertically isolated from each other at 
the steps of the silicon pillar by vertical self-aligned 
processes with an etch back process for poly-Si as shown in 
figure 4(C). Phosphorus (P') is implanted to form a source 
and drain. After forming inter-poly-Si insulator, which is 
composite layer of SiOZlSi3NJSi02 (ONO), second poly-Si 
is deposited and etched back similar to the first poly-Si 
etching. Control gates are vertically isolated from each other 
at the steps of the silicon pillar as shown in figure 4(D). 
Then, bit lines, select gates and word lines are formed. A 
final cross-sectional view of the S-SGT structured cell is 
shown in figure 4(E). The equivalent oxide thickness of 
tunnel oxide and ONO are 9.8nm and 16nm, respectively. 

Measured Results 

Figure 5 shows the programming and erasing 
characteristics of the fabricated cells. Programming and 
erasing can be accomplished by uniform F-N tunneling. 
Figure 6 shows the threshold voltage shifts of the selected 
memory cell and the unselected one as a function of 
programming time with all memory cells in the S-SGT 
structured cell in erased state. The selected memory cell is 

programmed and the unselected memory cell is not 
programmed. Drain current versus control gate voltage 
characteristics after erasing and after programming are 
shown in figure 7. In read operation, OV is applied to the 
control gate of the selected memory cell and 3.3V is applied 
to the control gate of the other memory cell and select gates. 
A drain current flows when the selected memory cell is in 
erased state, while the drain current does not flow at all 
when the selected memory cell is in programmed state. 

Conclusions 

A novel Flash Memory with S-SGT structured cell has 
been developed. The proposed cell achieves cell area of 
4FZ/N per bit without multi bit per memory cell technology. 
The fabricated novel S-SGT structured cell consisting of 2 
stacked memory cells achieves a smaller cell area per bit 
less than 50% of the conventional NAND structured cell. 

The novel S-SGT structured cells are fabricated by 
vertical self-aligned processes using a 0.2pm design rule. 
The S-SGT structured cell can be programmed and erased 
by uniform injection and uniform emission of 
Fowler-Nordheim (F-N) tunneling electrons over the whole 
channel area of the memory cell, respectively, the same as 
conventional NAND structured cell. 

The S-SGT structured cell can be successfully applied 
to 16G / 64G bit Flash Memory or beyond. 
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Fig. 2 Ratio of occupied area per bit as 
function of number of stacked memory 
cells in one silicon pillar in comparison 
with the smallest reported cell area per bit 
of conventional NAND structured cell. 

Fig. 3 SEM Photograph of S-SGT structured 
cell. 
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Fig. 4 S-SGT structured cell fabrication sequence. 
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Fig. 5 Cell threshold voltages as a function of 
programming time and erasing time in the 
S-SGT structured cell. 
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Fig. 6 Cell threshold voltages shifts of the 
selected memory cell and the unselected one 
as a function of programming time in the S-SGT 
structured cell. 
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Fig. 7 Drain current versus control gate 
voltage characteristics after erasing and after 
programming of the S-SGT structured cell. 
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