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Abstract

We proposed a highly integrated 3-dimensional NOR Flash memory array by using vertical 4-bit SONOS NOR flash
memory. This structure has a vertical channel, so it is possible to have a long enough channel without extra cell area.
Therefore, we can avoid second-bit effect, short channel effect, and redistribution of injected charges. And the proposed

array structure is based on three-dimensional integration. Thus, we can obtain a NOR flash memory having L5F/bit cell
size.
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I. Introduction must be used. Unlike the floating gate, the storage

node of SONOS flash memory is the nonconductive

The floating gate device has been used for nitride layer. So, we can realize 2-bit operation in
non-volatile memory, but the floating gate coupling one cell by charge trapping in the spatially different
cross talk issue will limit the scaling to ~40nm node locations. The multi-bit operation is promising
[1]‘ Beyond that, nitride storage device such as solution to overcome physical limits of device scaling.
SONOS which is immune to floating gate coupling Also, in order to overcome the problems of the
scaling, 3-dimensional structures have been proposed

beyond traditional planar structures” ™.
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II. Vertical 4—bit SONOS NOR flash memory

If SONOS devices adopt the double gate structure,
4-bit operation can be possible[sl. However, as the
channel length is scaled down, several problems
restrict reasonable memory device operation. The
major limitation is the distribution of injected charges
in the storage layer. The electrons injected by CHEI
are distributed in the ~30 nm wide nitride layer,
thus the trapped charges on the both multi-storage
node cells would be mixed when the gate length is
scaled down to 60 nm level. Moreover, considering
the redistribution of injected charges in the retention
mode, extra margin must be necessary to distinguish
each bit.

Due to these inherent limitations, previous planar
type 4-bit double SONOS flash memory {(DSMs) has
a long channel with 120 nm (2F size)™.

To solve this lirmtation, we proposed a vertical
4-bit SONOS Flash Memory {V4SONOS).

Because it has vertical channel, we can obtain a
long enough channel within 1F length. So, we can
solve redistribution of
limitation of scaling.

The VASONOS structure is shown in Fig. 1. Every
storage node is formed at the same time, so that
symunetric operation can be obtained easily unlike the
previous double SONOS memories (DSMs)™. The
V4SONOS is based on 3-dimensonal array structure,
Top bit lines (TBLs) are formed on the active fin
linenal abottom bit lines (BBLs) are buried in the

injected charges without

{}: Storage Node {each bit)

ag 1.
Fig. 1.
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Vertical 4-bit SONOS NOR structure.
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isolation region between word lines. Consequently,
there is no extra region to contact bit line. So, we
can efficiently organize array related with integration,
Therefore physically separated TBL and BBL cross
at right angles, And, word lines (WLs) are formed
along the of the active fin lines.

Figure 2 shows plane view which corresponds with
fig. 1. Owing to unique 3-dimensional composition, it
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Fig. 2. Plan view of VASONOS,
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Fig. 3. NOR flash circuit diagram of VASONOS.
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Table 1. Operation Voltage Scheme.

Program Erase Read

WL1 ov ov ov
WL2 6V -8V VreaD
WL3 ov ov o
WL4 ov o ov
TBL1 ov ov 1.5V
TBL2 4V Floating ov
TBL3 4v Floating ov
BBL1 ov ov ov
BBL2 4V 4V ov
BBL3 ov ov ov
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has the smallest unit cell size (1.5F2/bit) compared
with conventional NOR array. The V4SONOS can
operate as a NOR type flash memory. Its circuit
diagram is shown in Fig. 3. Additionally, Table 1
shows operation voltage scheme of V4SONOS. It
uses channel hot electron injection(CHEI) / hot hole
mjection(HHI) as program / erase, and reverse
reading method is used for read.

III. Fabrication Process of V4SONOS

The fabrication process of V4SONOS needs some
unique methods. Figure 4 shows the critical
fabrication steps of V4SONOS to obtain contact of
buried bit lines and self-aligned formation of each
cell.

The specific method of each step is as follows.

Fig. 4. (a) : First, Si active fin lines are formed.

The nitride layer on active fin line will be used for
CMP stopper. And, the projection pillar of active fin
line will make bottom bit line (BBL) contact easy.
We will call the projection pillar as bottom bit line
connection pillar.

Fig. 4 (b) : Tunneling oxide/nitride/barrier oxide
(O/N/O) layers are formed. Then, we make sidewall
spacer gate along the active fin line.

Fig. 4 (c) : We isolate both word line sides of
active fin line by photolithography. So, we can
control right gate and left gate independently. Also,
the bottom bit line connection pillar is exposed and
the exposed region will be doped with n type in the
next step, which is implantation for bottom bit
line(BBL).

Fig. 4. {d) : The bottom bit line(BBL) is formed by
implantation with arsenic. The wafer tit direction
during implantation is important because the bottom
bit line connection pillar must connect with buried
n-type region.

Fig. 4. (e) : We make ILD layer by deposition of
TEOS and CMP. The end point of CMP
determined by nitride layer on the active fin line.

Fig. 4 ) . The nitride CMP stopper is removed
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(104)

k=2 3

by selective HsPO; et etch. Therefore, the upper
surface of active fin line is exposed.
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Fig. 4. Critical Fabrication Steps of VASONOS,

Fig. 4. (g) : The top bit line(TBL) is formed by
In bottom bit line
connection pillar, cornection is achieved between
buried n-type region and top bit line.

Fig. 4. (h) : The n+ doped poly-silicon is deposited
and patterned to contact TBL and BBL. Because only

implantation with arsenic.
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active fin line is exposed and other region is shielded
by TEOS, we can obtain a self-aligned contact.

Fig. 4. (1) : Using the same PR mask that is used
for contact of TBL and BBL, we etch the silicon and
form trenches. So, we can obtain self-aligned unit
cells isolated by trenches.

IV. Memory Characteristic of V4ASONOS

To evaluate the cell operation of the USVNOR, 2D
numerical simulation (ATLAS) from SILVACO was
utilized. For convenience, the 2-dimensional cut plane
of just one pillar is used. Figure 5 and table 2 shows
structure and critical dimensions of the V4SONOS
used in simulation.

Additionally, we note that because the ATLAS
simulation cannot be used directly to simulate the
charge trapping of the nitride, the poly-silicon dot
(6x30 nm) is inserted in nitride layer for trapping
transient simulation(Fig. 5).

Also, the impact ionization rate is a critical model
parameter in a point view of the program and erase
operation and its formula is given by

__Bf_}
E(x) (1)

where A; and B; are impact ionization constants. For

a(x)=4,- exp|:

reliable impact ionization calculation, the impact
ionization constants A=245x10°/cm, and Bi=1.2x10'

V/cm were used. These values are extracted by
7

considering the nonlocal carrier heating effec

l : poly silicon dotstoragenode

a3 5 2D MEZsl|o|MolM AFBE F=
Fig. 5. Structure used in 2D simulation.
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Table 2. Critical Dimensions for Simulation.

Values
Fin width 30 nm
Channel length 200 nm
Storage length 30 nm
Tunneling oxide/nitride/barrier
oxide 4/8/8 nm
(Q/N/O)
P type channel doping
, 1x10"%/cm’®
concentration
N'dopingconcentration 1x10%cm®
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Word Line Voltage (V)
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Fig. 6. -V characteristics of the V4SONOS.
{simulation result)

Figure 6 shows I-V related with
programming time. After 10™ program time, we can
obtain threshold voltage shift with 4V. This shows

successful NOR memory characteristics.

curves

V. Scaling lssue of V4SONQOS

The key parameter of VASONOS related with
scaling 1s the fin width. In Fig. 1, Bit 1 and Bit 2
share the same fin line. So there is an interference
due to electrical coupling. When we program in Bit 1
(selected bit), unwanted threshold voltage shift occur
in Bit 2 (paired bit), also. We named this
phenomenon as PCH{Paired Cell Interference). When
silicon fin becomes thin, the PCI is more severe and
exact read operation is mmpossible. This interference
is the crucial scaling limitation of vertical-type flash
memory.
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Fig. 7. Paired Cell interference (PCl} phenomenon.

{simulation result)

Figure 7 show the PCI phenomenon versus a fin
width when selected bit is programmed with
~1.4x10°C/um. Through this result, the scaling
limitation of a fin width can be expected U a
minimum read margin is 2V, the VASONOS can be
scaled down to 15nm.

V1. Conclusion

We proposed a 3-dimensional future NOR array
structure by using vertical 4-bit SONOS (V4SONOS)
and its unique fabrication method. Also, we verified
memory characteristics and scaling limitation of
V4SONOS by numerical simulation. This will be one
of the promising structures for scaled multi-bit flash
memory.

=}

S g

51

Ho

[1] Kinam Kim, “The Future Prospect of Nonvolatile
Memory”, in Proc. VLSI-TSA 2005, pp.88-94,
2005,

Jang-Gn Yun, Yoon Kim, I Han Park, Jung
Hoon Lee, Sangwoo KXang, Dong-Hua Lee
Seongjae Cho, Doo-Hyun Kim, Gil Sung Lee,
Won-Bo Sim, Younghwan Son, Hyungcheol
Shin, Jong Duk Lee, and Byung-Gook Park,
“Fabrication and characterization of fin SONOS
flash memory with separated double-gate
structure,”  Solid-State  Electron,,  vol52,
pp.1498-1504, October, 2008,

(2]



6 &Y 4-HE SONOSE 0|88 uZHslE 3X2 NOR ZA M=

[3] Jang-Gn Yun, Yoon Kim, I Han Park, Jung
Hoon Lee, Daewoong Kang, Mpyoungrack Lee,
Hyungcheol Shin,Jong  Duk  Lee, and
Byung-Gook Park, “Independent Double-Gate
Fin SONOS Flash Memory Fabricated With
Sidewall Spacer Patterning,” IEEE Trans.
Electron Dev., Vol.56, No. 8, pp. 1721-1728, Aug.
2000.

" [4] Seongjae Cho, I Han Park, Jung Hoon Lee,
Jang-Gn Yun, Doo-Hyun Kim, Jong Duk Lee,
Hyungcheol Shin, and Byung-Gook Park,
“Establishing Read Operaion Bias Schemes for
3-D Pillar Structure Flash Memory Devices to
Overcome Paired Cell Interference (PCI),” IEICE
Trans. Electron., Vol.E91-C, No.5, May, 2008.

[5] Chang Woo Oh, Na Young Kim, Sung Hwan
Kim, Yong Lack Choi, Sung In Hong, Hyun Jun

Yoon Kim(g413] )

2006 Mg d7)FER
AL &4,

20063 ~dA Medgn A7
AFEH T L vhA} 74
A g},

: CTF Flash Memory>

Jang-Gn Yun(gA 3] 9)

2003 Fddigta Al £4.

2004 ~20053 IMEP

BEATY.

2006 S digtw Al £

2006 ~8A MEgUiEa A7

i AFETEE dhAl A
A4,

nanoscale CMOS and NVM

<FaHEok

technologies>

Seongjae Cho(H A3 4)
2004 Mg A7 F
A AL 4.

2004 ~ @A) ALstE W
AFETEE dAl HH
2 8},

- 20099 dE AIST WHEA 74,
<FHAAEOF : nanoscale CMOS devices and
flash memories>

(107

X A A

4 9

Bae, Jin Bum Kim, Kong Soo Lee*, Yong Seok
Lee, Nam Myun Cho, Dong-Won Kim, Donggun
Park, and Byung-1l Ryu, “4-Bit Double SONOS
Memories (DSMs) Using Single-Level and
Multi-Level Cell Schemes,” in IEDM Tech. Dig.,
pp. 1-4, 2006.

(6] Eli Lusky, Yosi Shacham-Diamand, Gill
Mitenberg, Assaf Shappir, Ilan Bloom, and
BoazEitan,“ Investigation of Channel Hot
Electron Injection by Localized Charge-Trapping
Nonvolatile Memory Devices,” IEEE TED.
Vol5], pp.444-451, Mar. 2004.

[7]1 J. -W. Han, J. Lee, D. Park, and Y. -K. Choi,
“Body  Thickness Dependence of Impact
Ionization in a Multiple-Gate FinFET,” IEEE
Electron Device Lett., vol. 28 No. 7, pp. 625627,
July. 2007.

A

Byung-Gook Park(# 3] 9)

19823 M &distn A7|F3HE
AL 4.

| 1984 A E&oista A7|F R
AL E4.

199013 v = Stanford electrical

engineering B} £¢.

1990\d ~1993d AT&T Bell Lab.

19933 ~1994'd Texas Instrument.

19943 ~d A A& uy

20083~ A AEddtn HEANFTFATE

2

<FH#AEok : The design and fabrication of

nanoscale CMOS, flash memories, silicon
quantum devices and organic thin film
transistors>



