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Abstract

This paper investigated the device size dependence
of Hf-based Metal-Oxide-Nitride-Oxide-Silicon (MON-
OS) nonvolatile memory (NVM) for the 2-bit/cell opera-
tion. It was found that 2-bit/cell operation was real-
ized with the device of gate length (L) and width (W) = 2
- 10/15 - 90 pm. Furthermore, it was realized that
electron injection from drain region affected Ip-Ve
transfer characteristics at VVtu even for L/W = 2/90 pm.

1. Introduction

Recently, the charge trapping (CT) type NVM such as
MONOS has been attracted much attention [1,2]. Fur-
thermore, 2-bit/cell operation was necessary to achieve the
high integration [3,4]. It was found that Hf-based MON-
OS NVM was able to realize 2-bit/cell operation by chang-
ing the electron injection region from source region to drain
region [5]. Furthermore, it is necessary to investigate the
effect of injected electron from each region on the drain
current characteristics to improve 2-bit/cell characteristics.

In this paper, 2-bit/cell characteristics dependence on
device size for Hf-based MONOS NVM were investigated.

2. Experimental Procedure
The Hf-based MONOS NVM was fabricated on
p-Si(100) substrate using the typical gate-last process [2].
After the channel stop ion implantation and the local oxida-
tion of silicon (LOCQS) isolation, source and drain (S/D)
ion implantation was carried out. Then, the HfNos/HfOy/
HfN1o/HfO, (MONO) structure with thickness of 10/10/
3/2 nm respectively, was in-situ deposited by ECR plasma
sputtering at room temperature (RT) [2]. Then, post-depo
sition annealing (PDA) was carried out at 600°C/1 min in
N2 of 1 SLM. Next, the contact hole was formed by reac-
tive ion etching (RIE) with Ar/Cl; of 50/20 sccm [2].  Af-
ter the Al electrode was evaporated and patterned to form
pad electrode, the HfNos metal layer was etched by DHF.
After Al back electrode was evaporated, post-metallization
annealing (PMA) was carried out at 300°C/10 min in
N2/4.9%H, at 1 SLM. The gate length (L) and width (W)
were L/W = 2 - 10/15 - 90 um. Figures 1 (a) and 1 (b)
show the schematic cross-section and the plane-view of
Hf-based MONOS NVM [2].
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Fig. 1 (a) Schematic cross-section (A-A’) of Hf-based
MONOS NVM and (b) plane-view [2].

The electrical characteristics of NVM were evaluated by
Io-Ve. The operation conditions were set as Vpem/trom Of
6 /2 ms, Vers/ters 0of -10 V/1 sand Vpsof 1.5-5V. All
measurements were carried out at RT in air.

3. Results and Discussion

Figure 2 shows the schematic description of 4 states for
Hf-based MONOS NVM when the operation conditions
were set as Vpem/trem 0f 6 V/I2 ms, Vp (Vs) of 1.5-5V and
Vs (Vp) of 0V, which injected the electron from the source
(drain) region. Figure 3 (a) shows the Ip-V¢ characteris-
tics of “11” and “01” states with changing the read direc-
tion. Figures 3 (b) and 3 (c) show the schematics of for-
ward read and reverse read operation of each “01” state,
respectively. The forward (reverse) read operation condi-
tion was set as Vp (Vs) of 1.5 V and Vs (Vp) of 0 V. It
was found that Ip-Vg transfer characteristics were not af-
fected by read direction.
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Fig. 2 Schematic 4 states of Hf-based MONOS NVM [5].
The states of (a) “11”, (b) “10”, (c) “01” and (d) “00”.
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Fig. 3 (a) Io-Ve characteristics of “11” and “01” states.
Veemlteam Was 6 V/2 ms and Vs was 1.5 V at the program
and read operation. (b) Schematics of forward read opera-
tion and (c) reverse read operation of “01” state.
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Fig. 4 Ip-Ve characteristics of 4 states.  Vpem/trom was 6 V/2
ms and Vps was 1.5 V at the program. Vps was 1.5 V at the
forward read operation.
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Fig. 5 Von and Vtn at each state. Open symbol denoted

Vps of 5 V at program operation. Vps was 1.5 V at the
forward read operation.

Figure 4 shows the 1p-V¢ characteristics of 4 states with
changing the electron injection region. Here, the Von and
Vrr were defined as the Vg intercept of the linear extrap-
olation of the Ip-V¢ characteristics and the Vg at Ip of 0.1
pA/um, respectively.  Figure 5 shows the Von and Vry at
each state extracted from Ip-Vg characteristics. Von at
“10” state was 0.1 - 0.3 V smaller compared with Von at
“01” state in both cases of Vps of 1.5 V and 5 V at the pro-
gram operation. However, Vry at “10” state was 0.2 V
larger than Vry at “01” state.  This is because Ip-Vg char-
acteristics of “10” state at Vty was steeper compare with
the states at “01” and “00” as shown in Fig. 4. It was
found that drain region electron injection affected 1p-Ve
transfer characteristics at Vrtu. Figures 6 (a) and 6 (b)
show the gate width dependence on Von and Vrw, respec-
tively. The dependence of Von and V1w on “10” and “01”
states were not changed with decreasing the gate width as
shown in Figs. 6 (a) and 6 (b). Furthermore, Figs. 6 (c)
and 6 (d) show the gate length dependence on Von and V1w,
respectively. The dependence of Von and V1w on <107
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Fig. 6 Gate width dependence on (a) Von and (b) VTH at each state.
Device sizes were L/W = 10/15 - 90 um.  Gate length dependence
on (c) Von and (d) VTH at each state.  Device sizes were L/IW = 2 -
10/90 pum. Vs was 1.5 V at the forward read operation.

and “01” states were not changed even for L/W = 2/90 um.
These results suggested that the electron injections from
S/D region were able to be read independently even for
short channel in the case of Hf-based MONOS NVM.

4. Conclusions

We investigated the electrical characteristics of
Hf-based MONOS NVM for 2-bit/cell operation. It was
found that 2-bit/cell operation was realized utilizing fabri-
cated devices of L/W =2 - 10/15 - 90 um. Furthermore,
electron injection from drain region affected Ip-V¢ transfer
characteristics at Vry even for L/W = 2/90 um. In con-
clusion, Hf-based MONOS NVM is one of the candidates
to realize 2-bit/cell operation with scaling.
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