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Abstract: Proposed herein is a novel non-planar cell structure for flash memory which has been fabricated to

achieve high programming speed with low operating voltage. This memory cell preserves a simple stacked gate

structure which only requires an additional masking step to form the novel structure in the channel. For the cell of

the 1. 2um gate length, the programming speed of 43ps under the measuring condition of V= 15V, V= 5V, and the

erasing time of 24ms under V.= = 5V, V.= 8V are obtained. T he programming speed is faster than that of the con—

ventional planar cell structure. T his superior programming speed makes it suitable for high speed application.
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1 Introduction

Flash memories are widely used in portable
application and embedded systems for its non-
volatile characteristics. The programming speed
and injection efficiency are key parameters and
strongly coupled with the structure of the device.
On the study of flash memory cell, higher program-
ming speed/injection efficiency and low power are
very important in system on a chip(SOC). Many
cell structures are presented in all over the world,
for example, stacked gate mid-channel injection
flash cell'", secondary electron flash cell™, Zener
based flash memory cell(ZE°PROM )", and novel
3D flash memory cells'. And in all these works,
achieving higher programming speed/injection effi—
ciency and low operating voltage is the main goal.
However, the processes are increasingly complex.

Some works do not match the standard CMOS
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technology.

As it is well known, in the conventional planar
flash cell(as shown in Fig. 1(a)), during the pro-
gramming, electrons are accelerated by the lateral
electric field and pulled across the gate oxide by
the vertical field after redirection to the floating
gate by phonon scutteringls]. The disadvantage of
this cell structure is that many electrons do not
have enough energy to inject across the gate oxide
due to the phonon scattering and electrons are easi-
er to drain out. This characteristics reduce the in-
jection efficiency and need higher drain voltage to
obtain acceptable programming speed.

To overcome the problems mentioned above in
the conventional flash memory cell, we proposed a
novel nonplanar flash cell in this paper(as shown
in Fig. 1(b)). The difference between these two
cell structures is that a mesa has been made in the
novel cell structure. This novel structure makes it

possible that the electrons are accelerated and in-
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jected across the gate oxide without redirection by
phonon scattering, and the electrons are not easier
to be drained out for the mid-channel injection
point, it will achieve higher injection efficiency and
reduce the operating voltage. For the novel cell of
W/L = 1.2um/1.2um, a programming speed of
42us under V= 15V, Vo= 5V and a erasing speed
of 24ms under Vi= — 5V, V.= 8V were obtained.
This novel cell structure has a faster programming
speed than that of the conventional stacked gate
cell. This novel cell will possibly be used in the ap-
plication of low operating voltage, low density, and

high speed.
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flash memory. Table 1 shows the main processes

and parameters of the novel device.

Table 1 Key process parameters
Parameler Value
W/L 1. 2pm/1. 2um
Height of the mesa 80nm
Angle of the mesa 70°~ 80°
Vi adjust implantment BFz. 25keV. 4 X 10"/cm?
Thickness of gate oxide 11nm
Thickness of first poly=silicon 150nm
Effective thickness of ONO 25nm
Thickness of second poly=silicon 350nm
Source/drain implantment As* 70keV,3X10"%/em?

3 Device performance

Figure 2 shows the programming characteris—
tics of this novel cell, a threshold voltage shift of
5V can be obtained with the drain voltage of 5V in

about 43us. It is faster than that of the convention—

2 Device fabrication

The schematic cross section of the novel cell
structure is shown in Fig. 1 (b), and the main pro-
cess flow is described below: The starting wafer is

400) silicon. The device was fabricated by using
1. 2um design rule and CM OS process technology.
A mesa of 80nm in height was made after the de-
vice isolation, then 10nm thick oxide and 80nm ni-
tride are grown by oxidation and CVD, respective—
ly, an etch back process was performed to form the
side wall of nitride, and the nest of the processes

are the same as that of the conventional planar

Injection mechanism
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Fig. 2 Programming characteristics of novel cell

al planar flash memery device(the detailed compar—
ison will be given in another paper). We think this
performance is resulted from the special channel
which can let the electrons inject into the floating
gate directly without losing energy by phonon scat-
tering, and the sidewall of nitride can form a high
threshold voltage region to make the maximum lat-

eral field located in the mid—channel underneath the
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sidewall of nitride. This may help the electrons in-
ject across the gate oxide. And in the same time,
the electrons will not be easy to be drained out be-
cause the injection point is located in the mid—chan-
nel. The operating voltage will also be lower for
the higher efficiency of injection.

Figure 3 shows the erasing characteristics of
this novel cell. It is the same as that of the conven—
tional planar flash memory device due to the same
erasing mechanism of FN tunneling. Figure 4
shows the endurance characteristics of this novel

cell.
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Fig. 3 Erasing characteristics of novel cell
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Fig.4 Endurance characteristics of novel cell

4 Conclusion

In this paper, we proposed a novel non-planar
cell structure to achieve faster programming speed
and higher injection efficiency. The results show
that the novel non-planar structure can get faster
programming speed by making the electrons inject—
ed into the floating gate directly without losing en—
ergy by phonon scattering. And the higher effecien—
cy makes it possible to lower the operating volt-
age. This superior programming speed and low op-
erating voltage of the proposed novel non-planar

cell make it suitable for potable application.
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