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(57) Abstract

The apparent voltage used to program an EEPROM cell is increased by applying a negative voltage to the memory control
gate (16) of the sense transistor (11) in the cell. This method is applicable to devices in which the substrate is negatively biased.
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METHOD OF PROGRAMMING ELECTRICALLY ERASABLE
PROGRAMMABLE READ-ONLY MEMORY

FIELD OF THE INVENTION

This invention relates to electrically erasable
programmable read-only memories and in particular to such
devices which employ floating gate technology.

BACKGROUND OF THE INVENTION

A typical electrically erasable programmable
read-only memory (EEPROM) cell includes two MOS
transistors connected in series. An EEPROM of this kind
is shown schematically in Figure 1 and structurally in
Figure 2. It includes a select transistor 10 and a sense
transistor 11, which are connected in series between a bit
line 13 and an array ground 17. The gate of select
transistor 10 is connected to a row line 12. Sense
transistor 11 is controlled by a memory gate 16 and a
floating gate 15. When the state of the cell is to be
read, select transistor 10 is turned on via a voltage
applied to row line 12, and a read voltage is applied to
bit line 13 to determine the conductive state of sense
transistor 11. If sense transistor 11 is conductive
(programmed) a current will flow; if it is non=-conductive
(erased) a current will not flow.

Sense transistor 11 is programmed or erased by
applying an appropriate voltage between memory control
gate 16 and bit line 13, with select transistor 10 turned
on. If memory control gate 16 is grounded and a positive
programming voltage (typically about 14.5 V) is applied to
bit line 13, electrons tunnel from floating gate 15
through a very thin tunnel oxide layer 18 (shown in Figure
2) to the N* region designated 14 in Figure 2, leaving
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floating gate 15 with a net positive charge. In this
state, the cell is programmed. If bit line 13 is grounded
and a positive programming voltage is applied to memory
control gate 16, the reverse occurs. Electrons tunnel

5 from N* region 14 through the very thin oxide layer 18
into floating gate 15, leaving floating gate 15 with a net
negative charge. In this state, the cell is erased.

The charge on floating gate 15 determines the
threshold voltage of sense transistor 11. If floating

10 gate 15 is positively charged, sense transistor 11 has a
relatively low threshold voltage Vqp. If floating gate 15
is negatively charged, sense transistor 11 has a
relatively high threshold voltage Vpy. Normally, a
reference voltage V.. about halfway between Vpy and Vqp is

15 applied to memory control gate 16. Thus, if sense
transistor 11 has been programmed, it will be conductive;
if it has been erased, it will be an open circuit.

Tt is desirable to have the margin between Vg and Vgpp
be as large as possible because a large margin provides

20 for a strong cell current and longer data retention.

For a particular tunnel oxide layer thickness, the
margin is primarily determined by two factors: (1) the
coupling ratio and (ii) the voltage difference between
memory control gate 16 and the common point between sense

25 transistor 10 and select transistor 11 when the cell is
being programmed or erased. The latter in turn is
proportional to the voltage difference applied between
cell memory control gate 16 and bit line 13. With smaller
cells and greater cell densities, both of these factors

30 have a tendency to reduce the margin. The coupling ratio
is established by the layout of the cell, and a smaller
layout tends to reduce the coupling ratio. As explained
below, smaller cell dimensions also tend to limit the
voltage difference that can be used in programming and

35 erasing the cell.

Figure 3 illustrates Vg and Vg, as a function of the
potential difference (Vpp) between the memory control gate
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and the bit line during the erase and programming
operations, respectively. As Figure 3 indicates, Vg,
increases with increasing Vop and V., decreases with
increasing V,,. Thus, the margin (Vgy - Vy) also
increases as Vep increases.

The desire for a large margin is in conflict with the
increasing miniaturization of EEPROM cells. With thinner
oxides, tighter design rules and more highly doped and
shallower junctions, breakdown voltages such as punch
through, field-aided junction breakdown, and field device
turn on tend to decrease. For example, referring to
Figure 2, as the thickness of gate oxide 20 decreases, the
field-aided junction breakdown voltage (BVpss) of select
transistor 10 decreases as a result of breakdown at the PN
junction in the area designated 21 in Figure 2. Thus,
while a thinner gate oxide has the beneficial effect, for
example, of increasing the transconductance (G,) in select
transistor 10, the price of greater transconductance is a
lower BVDpss. This in turn limits the voltage which can be
used in programming or erasing the cell and makes it more
difficult to obtain a wide margin. The relationship
between G, and BVpgg, respectively, and the thickness of
gate oxide 20 is illustrated in Figure 4.

SUMMARY OF THE INVENTION
The method of this invention allows the potential

difference used in programming an EEPROM cell to be
increased without raising the chances of voltage
breakdown. This is accomplished using an EEPROM cell with
a negatively biased substrate. The memory control gate of
the sense transistor is pumped to a negative voltage using
a charge pump. Because the substrate is negatively
biased, this can be done without the risk of K-channel
source-drain diffusion forward-biasing the associated PN
junction, which could initiate latch up. The margin is
increased one volt for every volt that the memory control

gate is negatively biased.
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DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of a typical EEPROM

cell.
Figure 2 illustrates the structure of the cell shown

in Figure 1.
Figure 3 is a graph of Vgy and Vqp as a function of

the programming voltage.
Figure 4 is a graph of the transconductance "and the

source-to-drain breakdown voltage of select transistor 10
as a function of the thickness of the gate oxide.

Figure 5 illustrates an arrangement in accordance

with this invention.

DESCRIPTION OF THE INVENTION
It is known in the art to back-bias the substrate of

an MOS device. The primary purpose of this is to reduce
junction capacitance and thereby increase the speed of the
cell. Typically, the substrate is biased to approximately
-2.5 V.

The lower threshold voltage Vg of the sense
transistor in an EEPROM is determined by the coupling
ratio and the potential difference between the memory
control gate and the drain of the sense transistor during
the programming operation. Since the select transistor is
turned on during programming, the drain potential of the
sense transistor is essentially equal to the voltage
applied to the bit line. Normally, the memory control
gate is grounded, and thus Vpy is proportional to the
positive voltage applied to the bit line. As noted
previously, this voltage cannot be increased beyond a
certain level without raising the risk of breakdown. The
primary concern is field-aided junction breakdown in a
select transistor contained in a cell other than the one
being programmed.

With a back-biased substrate, the potential
difference between the memory control gate and the bit
line during programming may be increased by reducing the

vy
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voltage of the memory control gate. This has the same
effect on Vg as increasing the programming voltage on the
bit line by an equivalent amount.
A structure for doing this is illustrated in Figure

5 5. The EEPROM cell consisting of select transistor 10 and
sense transistor 11 is identical to the cell illustrated
in Figure 1. A negative charge pump 50 is connected to
memory control gate 16. The box labeled 51 represents
other control circuitry, such as the circuitry which

10 controls memory gate 16 during the erase and read cycles.

The substrate of the cell pictured in Figure 5 is
biased to a voltage of -2.5 V. The diode 52 shown in
hatched form in Figure 5 represents a PN junction
somewhere on the same chip which could be forward-biased

15 if the voltage of memory control gate 16 falls below the
voltage of the substrate. Since diode 52 has a threshold
voltage of 0.7 V, the voltage applied by negative charge
pump 50 to memory control gate 16 could, in theory, be
reduced to -3.2 V without creating a forward-biased PN

20 junction in diode 52 that could initiate latch-up. 1In
reality, there may be other parasitic devices which limit
the degree to which the‘voltage at memory control gate 16
may be reduced.

Assuming that negative charge pump 50 applies a

25 voltage of -1.5 V to memory control gate 16, the hatched
line 30 in Figure 3 illustrates the Vg, curve for the
device shown in Figure 5. The Vg curve for the cell shown
in Figure 1 has been displaced downward approximately
1.5 V. The margin has increased an equivalent amount.

30 Accordingly, using the method and structure of this
invention, the margin of an EEPROM cell may be increased,
yielding a larger current in the cell and longer data
retention, without increasing the programming voltage or
increasing the risk of field-aided junction voltage

35 breakdown.

The foregoing description of an embodiment of this

invention is intended to be illustrative and not limiting.
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other embodiments and methods in accordance with this
invention will be apparent, all of which are within the

broad scope of this invention.

ey
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CLATMS
I claim:
1. A method of programming an EEPROM cell which
includes a sense transistor formed in a substrate, said
5 substrate being negatively biased, the method comprising
the step of maintaining a memory control gate of said
sense transistor at a negative voltage during the

programming of said cell.

2. An arrangement for programming an EEPROM cell
10 comprising a means for negatively biasing a memory control

gate of a sense transistor in said cell.

3. The arrangement of Claim 2 wherein said means

comprises a negative charge pump.

4. The arrangement of Claim 3 wherein said sense
15 transistor is formed in a substrate, said substrate being

maintained at a negative voltage.

5. An EEPROM cell comprising:
a select transistor;

a sense transistor having a memory control gate;

20 and
a means for maintaining said memory control gate

at a negative voltage.

6. The EEPROM cell of Claim 5 wherein said means

comprises a negative charge pump.
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