Extended Abstracts of the 22nd (1990 International) Conference on Solid State Devices and Materials, Sendai, 1990, pp. 397-400

C-9-6

A High Density High Performance Cell for 4M Bit Full Feature EEPROM
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A new EEPROM cell structure is proposed,

which achieves a high ca-

pacitive coupling ratio of more than 0.8 in a small cell size of 11.25

umz. The cell fabricated has sufficient cell threshold windows which ex-
tend to more than 5 volts and program cell current of more than 30 PA at

program voltage of 14 volts.
erase/write cycles.

Using this cell structure,

The cell endurance is more than 105

a 4 mega bit full feature

EEPROM of a high performance and high reliability can be acquired.

= 1P Introduction
Today, 1M bit full feature EEPROMs are

available on the market. However, their ca-
pacity is not yet comparable with that of
magnetic devices. To increase the capacity
of EEPROM memory cards to be used as exter-
nal data storage devices for computers,
higher density and lower cost devices are
still needed. For this purpose, we propose
a new cell structure for 4M bit EEPROMs.
The construction of a cell based on this
structure requires a simplified process

flow as compared with that for the 1M EEP-

ROM cells (1) (2) previously reported.

2. Process Technology

Process technology available for our

cell uses a twin well, triple level
polysilicon and double layers of metal,
based on 0.6 um CMOS process. A modified
LOCOS isolation is used with a 600 nm thick
field oxide adequate to 15 V programming
voltage. The CMOS peripheral circuits have
15 nm gate oxides, an LDD structure for n-

channel transistors and 30 nm gate oxides
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for high voltage transistors. Tunnel oxide
is 8 nm thick and interpoly dielectric
(oxide-nitride-oxide layers) egquivalent
thickness is 20 nm. Major process features

are summarized in Table 1.

Technology Twin well CMOS
Triple level polysilicon
Double layers of Metal

Leff (min) Nch 0.6pum
Pch 0.8um

Fleld Oxide 600nm

Tunnel Oxide 8nm

Peripheral Gate Oxide 15nm

High Voltage Gate 30nm

Inter Poly Dielectric 20nm (effective)

Table 1. Key process features of the newly
developed EEPROM.

3. Cell Structure
Previously we presented a cell, called
SSTR cell, which has a floating gate sand-

wiched between two control gates for 1 mega

bit EEPROMs (1) (2)  This device contains a

30.4 pmz cell using a 1.0 pm lithography
and a novel self-aligned tunnel region fab-

rication technology. In this paper,



an improved SSTR cell using a rather sim-
plified process technology is proposed.
Figure 1 shows a schematic drawing of
the top view and cross section of the pro-
posed cell. The first polysilicon layer is
used as the select gate and lower control
gate, and these gates make a polysilicon
window to form a self-aligned tunnel re-

gion. The tunnel region is merged with the
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Fig.1l. Schematic drawing of the newly de-

veloped cell. (a) Plane view (b) Cross sec-
tion of A-A’ of (a). The second aluminum
layer is not shown for simplicity.

source region of the select gate transis-
tor. Since the tunnel region lies between
the select and lower control gates, its
area is not affected by lithography regis-
tration. This suppresses the dispersion of
the coupling ratio of the cell, which re-
sults in that of the cell characteristics.
The peripheral gates are also formed by the
first polysilicon layer. The second
polysilicon layer forms the floating gate.
The third polysilicon layer forms the upper
control gate and is electrically connected
to the lower control gate. The first alu-
minum layer is used as the bit line, and
the second aluminum layer stitches the

polysilicon word line to reduce the word

Al
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line resistance for high speed performance.

The select gate, control

tunnel region,
gate and floating gate are arranged in se-
ries between the bit line contact and the
source line, without any dead space for
margin for lithography registration. Due to
the existence of the lower control gate,
the capacitance between the floating and
control gates of this cell is effectively
increased. The capacitance between the
floating gate and the substrate is de-
creased by the shielding effect of the
lower

control and select gates. The struc-

tural integration and advantages mentioned

above enable this cell to achieve a small

cell size of 11.25 pum? (2.5 pm X 4.5 pm)

with a high coupling ratio of more than 0.8
using 0.6 um lithography.
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Fig.2. Key process sequence of the pro-
posed cell.

4. Fabrication Technology

Figure 2 shows a major process se-
quence. After LOCOS isolation formation and
gate oxidation, polysilicon and ONO inter-
polysilicon dielectrics are deposited.
Then, the select gate and lower control
gate are formed by RIE of these complex
SiN side walls are

films. Subsequently,



formed at the edges of the gates. While the
SiN side walls prevent loss in thickness
caused by HF treatment, break down voltage
between the floating gate and the first
polysilicon gate electrodes, i.e., select
gate and lower control gate, is remarkably

increased. Furthermore, etching process for
SiN side wall formation has good selectivi-
ty to SiO,, so that thin gate oxides on the
active region of Si substrate can be used
as an etching stopper, and RIE induced dam-
ages in the Si substrate are prevented by
this Si0, stopping layer. This enables us
to obtain highly reliable tunnel oxide de-

spite the use of side wall etching process.
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Fig.3. Constant current stress TDDB mea-
surement of tunnel Si02 formed on the con-

ventional Sioz and SiN side wall etched Si

surface.

Figure 3 shows the tunnel oxide relia-
bility measured by a constant current
stressing test. Tunnel oxides are formed on
the Si substrates of three different types.
The first two are no damage induced sub-
strate and conventional §i0, side wall
etched Si substrate. The third one is SiN

side wall etched Si substrate. The measured

capacitor area is 0.1 mm? and current

stress density is 1.0 A/cm? at gate posi-
tive biased condition. It is clear from the
figure that SiN side wall etching process
induces no damage to the Si substrate while
conventional si02 side wall etching causes

serious degradation in tunnel oxide relia-

bility.
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the finished device.

After removing the damaged gate oxide

(etching stopper) by HF treatment, tunnel
oxide is thermally grown on the substrate.
Then, the second polysilicon layer is de-
posited and etched to form the floating
gate electrode. Later the interpoly di-
and the third

polysilicon layer are deposited. The forma-

electrics of ONO layers

tion of the upper control gate and the suc-
cessive formation of conventional contacts
and aluminum interconnections complete the
fabrication of the proposed cell. Figure 4

shows a cross sectional SEM micrograph of

Fig.4.
the proposed cell.

Cross sectional SEM micrograph of

5. Cell Characteristics

The newly developed cell requires some
bias voltage to the control gate in read

operation, since it has an additional con-

trol gate transistor (lower control gate
transistor). The conditions for various op-
erations are listed in Table 2.

The program and erase characteristics
of this cell are shown in Figure 5. The
programmed state Vin of the cell cannot be
measured because of the existence of the
lower control gate transistor as mentioned
In the figure,

above. the programmed cell

characteristics are expressed by cell

Bit Line Word Line | Control Gate | Source Line
Write Vpp Vpp GND | Floating
Erase | GND Vpp Vpp GND
Read 1V 5V 3V GND
Table 2. Operational conditions for the

proposed cell.
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Fig.5. Erase/write characteristics of the
proposed cell.

current under the select gate voltage of
5V, control gate voltage of 3V and bit line
voltage of 1V. The erase Vip is read as 5
volts and program cell current is 30 uA,
yielding an acceptable threshold window, at
a nominal programming voltage of 14 volts
and pulse width of 4 msecs.

The single cell endurance is shown in
Figure 6. It should be noted that rather
different cell threshold window narrowing
is observed. As the number of erase/write
cycles increases, the value of programmed
Vip decreases for the case of conventional
FLOTOX cells. This may be caused by the
electron trapping in the SiN side wall at
the source side edge of the lower control
gate. Therefore, the thickness of the SiN
side wall and that of the S$i0O, film under
the SiN side wall might be optimized more

carefully. Even without this optimization,
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Fig.6. Endurance characteristics of the
proposed cell.

our cell still attains the endurance of
more than 10° erase/write cycles, proving

the validity of the SiN side wall formation

process.
6. Conclusion

We have proposed a novel cell struc-
ture for a full feature 4 mega bit EEPROM.

We have fabricated the cell that occupies

only a small area of 11.25 um2 and attains
a high coupling ratio of more than 0.8.

The cell can be programed with a pro-
gramming voltage of 14V in both write and

erase operations. The cell endurance of

more than 10° is obtained using the damage-
less SiN side wall process. The main fea-
ture of this cell structure is its very
small cell size due to a self-aligned tun-
nel region formation. Using the currently
available technoleogy and the proposed cell
structure, a high performance 4 mega bit
EEPROM with high reliability is expected to
be realized.
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