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Effects of Offset Gate on Programming Characieristics
of Triple Polysilicon Flash EEPROM GCell
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Abstract

Electrical Characteristics of split-gate flash EEPROM with triple polysilicon is investigated in terms of effects of floating gate and offset
gate. In order to search for the effects of offset gate on programming characteristics, threshold voltage and drain current are studied with

variation of control gate voltage. The programming process is believed to depend on vertical and horizontal electric field as well as offset
gate length. The erase and program threshold voltage are found to be almost constant with vanatlon of control gate voltage above 12V,
while endurance test indicates degradation of program threshold voltage. With increase of offset gate length, program threshold voltage

becomes smaller and the drain source voltage just after program under constant control gate voltage becomes higher.

L. Introduction

Flash EEPROM is a nonvolatile memory device whose data is
stored in the floating gate. Various studies have been done with
regard to the structure of the memory cells. Two typical struc-
tures[1-3] are stack-gate and split-gate flash EEPROMs. In this
work, we used the split-gate flash memory device which is
composed of control gate, floating gate and erase gate. This
device is erased by application of high voltage to the erase gate,
thus the stored charge in floating gate is emitted. But more work
is tequired for- the optimum structure of cell and operation
condition. In case of the stack-gate structure, the program and
erase cycles can cause the carrier trap in gate oxide and both
program and erase threshold voltages can be deteriorated. On the
other hand, the erase operation in the split-gate structure is
occurred between the floating gate and the erase gate. Therefore,
the endurance characteristics of the split-gate device is superior to
those of stack-gate structure.

Compared to MOSFET device, EEPROM cell has one more
gate, floating gate for programming. The floating gate can often
have overerase state which is opposite-charge programming.
Application of offset gate in EEPROM is effective way to reduce
the overerase state. The programming and cell current character-
istics due to the offset gate of triple-poly EEPROM are well
studied[4] in terms of the length of floating gate in channel.
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Another study to be able to reduce the overerase state can be the
speculation on channel current with application of vertical or
horizontal electric field. The effects of horizontal electric field
between drain and source on electrical characteristics do not get
much attention as there are almost same with MOSFET. On the
other hand, vertical electric field can have many variations on
current and programming characteristics, as this device has the
offset gate above the channel. In this work, we focused on the
channel current due to the control gate voltage and the offset gate
which is rarely done by others. As floating gate does not fill out
the channel length of EEPROM cell, the electric field between
control gate and channel is not uniform, thereby, programming
characteristics is difficult to forecast and can be significantly
dependent on where the offset gate is located in the channel and,
also, the reliability m terms of programmmg and erdse threshold
voltage can be influenced by the length of offset gate.

II. Device Structure and Experiment

This device is composed of triple polysilicons, which are poly-
silicon" 1 for floating gate, polysilicon 2 for control gate and
polysilicon 3 for erase gate. Electrical characteristics is done by
HP 4155 semiconductor parameter analyzer. The erase operation
of this triple polysilicon flash EEPROM is done by Fowler-
Nordheim tunneling current from floating gate to erase gate, while
charge input in ﬂoaiing gate by channel hot electron is the
program status.

The cell structure and its equivalent circuit are shown in Fig. 1.
In Fig. 1(b), L and L, are source-drain channel length and offset
gate length, respectively. The thickness of polysilicon and oxide
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Fig. 1. (a) Equivalent circuit. (b) Structure of split-gate flash

memory cell.

between ploysilicons are 3000-3500A and 300-400A, respecti-

vely. The channel length and width in this device are 1.3ym and
2;m. Polysilicon 1 is for preserving charge for data programming,
polysilicon 2 for inducing carrier in channel and polysilicon 3 for
erasing the charge in polysilicon 1. The offset gate is for reducing
over-erase charge in floating gate.

. Results

In this work, programming characteristics due to the offset gate
under constant channel length is analyzed in terms of program
and erase threshold voltages and channel current by application of
vertical and horizontal electric field.

Fig. 2 shows drain current with variation of control gate
“voltage under 0.8um offset gate length. The program and erase
threshold voltages are obtained just under the maximum conduc-
tances. The higher program threshold voltage, compared to erase
one, can be explained that the charges in floating gate after
programming induces holes in channel, thereby, more vertical
field is necessary to induce same number of electrons. The read
operation can be done by checking out the threshold voltage. The
“1” is at the state of higher threshold voltage and the “0” is the
opposite case.

The cell-endurance characteristics as shown in Fig. 3 explains
that, up to 10° cycle time, erase threshold voltage shows almost
constant despite large decrease in program threshold voltage. The
decreasing program threshold voltage which begins at about 500
cycle seems to be generated from charge trap in oxide. The
charge trap near the edge of floating gate is considered to prevent
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Fig. 2. Characteristics of drain current at constant drain-source
voltage of 7V.
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Fig. 3. Charateristics of cell-endurance at constant offset gate

length.

the migration of hot electrons to the floating gate. Stack-gate
EEPROM usually has the endurance characteristics that both erase
and program threshold voltage show window-closing[5] after long
cycle which comes from gate oxide degradation. As triple poly
flash EEPROM has independent erase gate, erase threshold
voltage can be constant, even though large decrease in program
threshold voltage occurs after long cycle. In the test of erase
characteristics of triple poly EEPROM, the phenomenon of time
dependent dielectric breakdown(TDDB) or data retention between
floating gate and erase gate seems to be more important rather
than that of erase threshold voltage.

Fig. 4 shows the program threshold voltage with variation of
control gate voltage. Each threshold voltage is obtained after
increase of horizontal voltage Vds up to 10V under constant
control gate voltage. It indicates that program threshold voltage
increases a little. It also shows the phenomenon of Fig. 2 which
is program threshold voltage is almost four times higher than
erase one. Small increase of program threshold voltage with
higher control gate voltage seems to be generated from charge
trap in oxide between drain and floating gate or variation of
charge-quantity in floating gate. Rapid increase of program
threshold voltage at 12V control gate voltage means that there
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Fig. 5. Characteristics of threshold current after programming with
various offset gate length. '

isn’t programming in floating gate under 10V control gate voltage-

and the lower vertical field isn’t enough to induce carriers in
channel to get a hot carrier effect.. ,

Up to now, we have seen the electrical characteristics in terms
of threshold voltage with the variation of control gate voltage.
When offset gate triple-poly EEPROM is compared with stack-
gate EEPROM cell in terms of program threshold voltage, the
effect of offset gate is shown in Fig. 5 that program threshold
voltage becomes higher with shorter offset gate length and
program threshold voltage of stack-gate cell will be larger than
that of offset gate cell. It is supposed that the charge in floating
gate of offset gate EEPROM cell after programming induces
smaller number of holes in channel with higher offset gate.length.
When program threshold voltage is considered in Fig. 1(b), device
structure, it can be )

V= Vetav, av,=Su m

) Ccf

where Vtp, Vie, Qfg and Ccf are program threshold voltage, erase

800 -
0.8[1”1 L=y
g s }
i/ |
g 1 0.6 um |
& ]
= 04 um \
5 ] \Tz < 2
%
0.0

0 2 4 6 8
: Vds
Fig. 6. Characteristics of 1d-Vds curve with change of offset gate
length at constant control-gate voltage of 12V and drain
voltage 7V.

threshold 'voltage, charge in floating gate and capacitance between .

control gate and floating gate, respectively. When offset gate
léngth L; becomes smaller under constant channel length, the
current to floating gate becomes larger and it makes Qfg larger.
The above equation' shows that the program threshold voltage
becomes larger with decrease of offset gate length.

Fig. 6 shows the drain current characteristics with variation of
horizontal voltage Vds and offset gate length. The characteristics
of current vs. Vds at constant offset gate length indicates there

.are four regions which are linear, saturating, sudden-decreasing,

and constant one. The general trend of this graph shows two
things. One is that current increases with higher offset gate
length, the other is the Vds at the instant of current-drop is also
increasing with higher offset gate length. Refering to C. Sodini et
al.[6], the saturating Vds, Vdsat, can be expressed as

( ch_ Vt)LEsat

Vﬁatz ( ch__ Vt +T Esat) (2) .

where Vt is the threshold voltage, L is the effective channel
length and Esat is a constant value which is the critical field for
velocity saturation. This equation can be modified to

_+—_._

Vau L = C—V,

where C, and C; are constant and C; is larger than Vt. After.
programming state, the induced holes in channel under floating
gate can act as enlarged drain, thereby, offset gate length is

.considered as an effective channel length. As already shown in

Fig. 5, Vt bécomes smaller with increase of offset gate length.
The equation(3) clearly indicates that, with higher offset gate
length, Vdsat becomes larger as the second term in equation(3)

decreases.
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Iv. Conclusion

Programming characteristics of triple polisilicon split gate flash
EEPROM cell is studied with variation of offset gate length and
control gate voltage. The programming process in terms of hot
carrier effects is explained with the dependence of offset gate
length on saturaﬁng drain source voltage. With increase of offset
gate length, program threshold voltage becomes lower. Endurance
test shows degradation of program threshold voltage and constant

erase threshold voltage. On the other hand, under change of °

control gate voltage, erase and program threshold voltages show
almost constant. It indicates that control gate voltage under
constant offset gate length doesn’t change the threshold voltages,
while offset gate length can affect drain current and program
threshold voltage.
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