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A Novel Flash Memory Using Band- to- Band Tunneling Induced
Hot Electron Injection to Program’
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Abstract: A novel band-teband hot electron programming flash memory device, which features programming with high speed, low
voltage, low power consumption, large read current and short access time, is proposed. The new memory cell is programmed by
bancto- band tunneling induced hot-electron ( BBHE) injection method at the drain, and erased by FowlerNordheim tunneling
through the source region. The work shows that the programming control gate voltage can be reduced to 8V, and the drain leakage

current is only 3BA/ Bm. Under the proposed operating conditions, the program efliciency and the read current rise up to 4 x 107 4

and 60HA/ Bm, respectively, and the program time can be as short as 16Hs.
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1 Introduction

In recent years, a novel semiconductor norr volatile
memory, which is referred to as the flash memory, has
been developed. Typically, flash memory is programmed by
channel hot electron (CHE) ' injection at the drain edge
or by Fowler-Nordheim tunneling injection'” . The tradi
tional programming of channel hot electron injection has a
high program speed. However, its programming power con-
sumption is as high as 24mW/byte and its efficiency of
injection is very low, because the memory transistor is
turned on when programming. The Fowler-Nordheim tun-
neling injection programming, though has high injection
efficiency, requires relatively high voltage biasing on the

terminals of the memory cell.
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In 1992, Hsu et al. proposed using band-to- band hot
electron( BBHE) injection to realize low voltage, low cur
rent and high speed programming 3, After that, there were

46
several flash memory cells!* !

introduced by using this
programming mechanism. Because the band-to-band tun-
neling induced hot electrons are impossibly emitted to the
gate in NMOS transistor due to the negative gate voltage,
all of those cells are based on pchannel, whose read cur
rent is smaller than one half of the one with n-channel.
Chen et al. also proposed a band-to-band and tunneling
induced substrate hot-electron ( BBISHE) injection pro-
gramming mechanism used in the - channel flash memo-
ry!”'. However, the surface concentration at the channel
should be higher than 1 x 10" em™*, which makes the
threshold voltage almost out of control.

In this paper, we described a novel band-to-band
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tunneling induced hot electron injection programming flash
memory cell with n-channel. The structure of the cell and
the programming mechanism were firstly deseribed. Fur
thermore, the programming, erasing and reading character
istics were discussed, and some testing results were also

shown at the end.

2  Cell structure

A schematic illustration of the proposed flash memory
cell is shown in Fig. 1. A stacked gate structure, which in-
cludes a control gate and a floating gate, is firstly formed
on a prtype substrate, then an n-type implantation is used
to form the source region and the rhalo region; a p* re-
gion is finally formed in the - halo region and comes into
being the drain of the cell. This cell structure is nearly the
same as the traditional ETOX structure, except for an ac
cessorial p* drain region. The concentration in the mrhalo
region and the p* drain region are nearly 1 x 10”em™?
and 6 x 10”em™ ?, respectively. The thickness of tunneling
oxide is 10nm and the electric thickness of the oxide/ ni
tride/ oxide interpoly dielectric is 20nm. The gate length of
the samples is between 0. 84m and 1. 6Hm, and the cou-

pling ratio of the control gate is about 0. 5.
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Fig. 1 Cell structure of the proposed flash memory cell
and insert schematic illustration of the band-toband
tunneling induced hot electron injection programming

method for the rr channel cell

When a negative drain voltage and a positive control
gate voltage are applied to the cell with the source and pr
substrate being set to OV, the high positive control gate

voltage can turn on the memory cell, and the floating -

halo region will be set to the same potential as the source
(as shown in Fig. 1) . As a result, the drain p* /n junction
is negatively biased, and electrons in the valence band can
be emitted to the conduct band by band-to- band tunneling
at the surface of the p* region. These band-to-band tun-
neling generated electrons may also flow into the mhalo
region and induce hot electrons by gaining energy through
the junction electric field and/or impact ionization. Most
of the hot electrons will be collected by the cell source,
and other hot electrons with high energy can overcome the
barrier and are injected into the floating gate through the
tunnel oxide with the aid of the positive bias on the con-
trol gate. The injection of such band-to-band hot electrons
and the negative gate source side Fowler-Nordheim tun-
neling were used to perform the programming process for
the proposed flash memory.

In order to perform the read operation, the drain was
set to between 1 and 1. 5V, the control gate was set to the
access voltage, and other ends were set to ground. Under
this bias condition, the drain pn junction was positively
biased and the voltage of the 1 halo region was clamped at
0.4~ 0.9V. With the access voltage, the prtype channel
region may be inverted ( in the “0” cell) so that the elec
trons can flow from the source to the m-halo and the read
operation is performed. Table 1 illustrates the operating

bias of the proposed flash memory cell.

Table 1  Operation condition of the flash cell

Operation ViV Vil V VJV Vil vV
Write -5 8 0 0
Erase floating -8 5 0
Read | 1.5 | 3 | 0 0

3 Results and discussion

3.1 Read

It can be seen that the p-drain, the prsubstrate and
the 1r halo will make up of a parasitic PMOS transistor, as
shown in Fig. 2. When Vea( Viea= V= Va) is smaller
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than its threshold voltage, the parasitic PMOS will be on.

The lower the control gate voltage is set, the smaller the

drain voltage is needed to turn on the parasitic PMOS.

Vg O

A

Floating
n-halo

3.2 Band to band programming

In order to study the mechanism of the band-to-band
tunneling hot electron injection and the programming cur-
rents, the programming characteristics are firstly simulated
with the simulator Silvaco. Figure 5 shows the electric

field distribution with the control gate voltage equaling to
100

801 P

Fig. 2

made up of the prdrain, the prsubstrate and the - halo

Schematic illustration of the parasitic PMOS

Figure 3 shows the I+ V, curves of the proposed
flash memory cell. If drain voltage is higher than 1.8V,
the PMOS will be turned on when control gate voltage e
quals to O( which is typical in unselected cells), and the
leakage current from the prdrain to the p-substrate will in-
crease and cause the read error. In order to prevent the
PMOS turning-on effect and offer a sufficient read cur
rent, the drain voltage is controlled between 1V and

1.5V.
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Fig. 4
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Read current of the flash cell Read operation

is biased at Vy= 1.5V, V= 3V, V.= 0;the read cur

rent is 60HA/ Bm with 0. 8Hm gate length.
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Fig. 5 Electric field distribution with band-to-band hot

Fig.3 I Vycurves of the proposed flash cell

When Vy> 1.8V, the increasing of the drain current is

caused by the parasitic PMOS turrron ( gate length e

quals to 1. 6Hm) .

Figure 4 shows the I V, characteristic with a 1. 5V

drain voltage. When the control gate voltage is 3V, the

read current can be larger than 60FA/Hm in the 0. 8Hm

cell, which is twice the access currents in other introduced

pr channel flash memory cells.

electron injection programming  Program condition: V=

8V, V.= 0V, Vy= - 5V

8V, and the drain voltage equaling to — SV. It can be
seen that the electric field is highest at the front point of
the p/ rhalo junction. The maximum lateral and the verti-
cal electric fields are as high as 2. SMV/em and 4MV/
cm, respectively. With these electric field stressing, the
band-to- band tunneling is easily induced and the hot elec
trons can inject to the floating gate. The simulation results
also show that the floating gate current is impossibly in-

duced by FowlerNordheim tunneling mechanism due to
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the graded gate oxide ( GGO) phenomenon and the deple
tion of the surface of the p-drain.

Figure 6 shows the drain and floating gate currents
with different floating gate voltages. The floating gate volt-
ages were set to 0, 3, 4 and 5V, respectively, and the drain
was stressed from OV to — 5V. Because the drain junction
was negatively biased during programming, the drain leak-
age current was only about 3HA/ Hm. However, the floating
gate current can be up to 1. 2nA when the floating gate
and the drain were set to 4V and — 5V, respectively. The
efficiency of the proposed program method is 4 x 10,
which is two to three orders of magnitude higher than tra-

ditional channel hot electron injection programming.
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Fig. 6  Simulation results of the programming current
Drain current [, is the band-te-band tunneling in-
duced leakage current of the negative drain prn junc

tion. Floating gate current [y, is caused by the bandtor

band tunneling induced hot electron injection.

Figure 7 shows the time dependent programming
characteristics of the 1/0. 8tm flash memory cell. During
programming, the drain is set to — 5V, and the controk
gate is set to 8V and 10V, respectively. It can be seen that
the programming speed can get up to about 16Hs and 12Hs

with the minimum threshold voltage shift of 4V.
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Fig.7 Time dependent programming characteristics at

V4 equaling to — 5V

The program window is shown in Fig. 8. Here, the
write condition is: V= 8V, V= OV, Vy= = 5V, tyrie=
20Hs. The erase operation used source side negative gate
Fowler Nordheim tunneling erasure, with which, the
source, drain, control gate, and prsubstrate voltages are set
to 5V, floating, — 8V and OV, respectively. As a result,
the threshold voltages after writing and erasing are 5.7V

and 1.0V, and the program window is up to 4. 7V.
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Fig. 8 Program window of the proposed flash cell

4 Conclusion
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In this paper we proposed a novel mrchannel flash of IMETU for their great work on the sample manufacture.
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