
METHOD FOR PROGRAMMING A NONVOLATILE MEMORY
BACKGROUND OF THE INVENTION   Field of the Invention          The present
invention relates to a method for programming a memory, and more
particularly, but not exclusively, to a method for programming a
nonvolatile semiconductor memory.     Discussion of the Related Art 



Generally, nonvolatile semiconductor memories, such as electrically
erasable and programmable read-only memories (EEPROMs) and flash EEPROMs,
intended as mass storage media possess an excessive cost per bit. A study
on a multibit cell has been currently carried out as a method to solve the
above-mentioned problem.        The packing density of a nonvolatile memory
corresponds with the number of memory cells on a one-to-one basis. A
multibit cell stores at least two data bits in a single memory cell,
thereby significantly increasing the storage packing density of the data in
the same chip area without reducing a memory cell size.        In order to
embody the multibit cell, more than three threshold voltage levels must be
programmed for each memory cell. For example, in order to store two data
bits per cell,
2 respective cells become programmable by four threshold level steps, i.e.,
2[err] =4. As a result,
2 the four threshold level steps logically correspond to respective logic
states of 00, 01, 10, and 11.        In the above-described multilevel
programming, it is critical that respective threshold voltage levels have a
statistical distribution of approximately 0.5V. Consequently, as the
distribution decreases by accurately adjusting the respective threshold
levels, more levels can be programmed allowing the number of bits per cell
to be increased.        To decrease the above voltage distribution, a
technique for repeatedly programming and verifying has generally been used
in the programming. In this technique, a series of voltage pulses is
applied to a cell to program a nonvolatile memory cell at a desired
threshold 



level. A reading process between the respective voltage pulses verifies
whether the cell reaches the desired threshold level. During verification,
when the verified threshold level value reaches the desired threshold level
value, the programming process stops.         In the system for repeatedly
programming and verifying, it is difficult to reduce the error distribution
of the threshold levels due to a program voltage pulse width. Furthermore,
the algorithm of repeatedly programming and verifying requires an
additional circuit, thereby increasing the peripheral circuit area of a
chip. Moreover, this method increases the programming time.         To
eliminate the above-stated drawbacks, R. Cernea of SunDisk Co. introduced a
simultaneous programming and verifying technique (U.S. Patent No.
5,422,842). FIG. 1A shows the symbol and circuit diagram of the EEPROM of
Cernea. The EEPROM cell consists of a control gate 1, a floating gate 2, a
source 3, a channel region 4, and a drain 5.         When a voltage
sufficient to cause programming is applied to control gate 1 and drain 5, a
current flows between drain 5 and source 3. The current is compared to a
given reference current to generate a programming completion signal when
the current is equal to or less than the reference current. This process is
illustrated in FIG. 1B.         In this technique, the programming state is
automatically verified at the same time as the programming to slightly
counteract the drawbacks of repeatedly programming and verification.
However, the threshold voltage level applied to control gate 1 of the
memory cell is not adjusted.         U.S. Pat. No. 5,043,940 to Harari
performs the multilevel programming by changing  reference currents
corresponding to respective levels. As shown in FIG. 1 B, the reference
3 currents for verification are not explicitly or linearly related to the
threshold voltages of a cell. Therefore, the multilevel cannot be directly
and effectively controlled in the current- 



controlled method.                                      SUMMARY OF THE
INVENTION          According to the present invention, there is provided a
method for programming a nonvolatile memory cell having a control gate, a
floating gate, a drain, a source, and a channel region disposed between the
drain and source, the method comprising the steps of:         applying a
first voltage to the control gate to form an inversion layer in the channel
region, the first voltage being varied to program at least two threshold
levels of the memory cell;         applying a second voltage to the drain
and a third voltage to the source, the second voltage being greater than
the third voltage;         monitoring a current flowing between the drain
and the source during the programming of the at least two threshold levels;
and         terminating any one of the first voltage, the second voltage,
and the third voltage when the monitored current reaches a preset reference
current to thereby stop the programming of the at least two threshold
levels.           The reference current may have a fixed value during the
programming of the at least two threshold levels.           According to
another aspect of the invention, there is provided a method for programming
a nonvolatile memory cell having a control gate, a floating gate, a drain,
and a source, the method comprising the steps of: 



applying a variable first voltage to the control gate;         applying a
second voltage to the drain and a third voltage to the source;
4        monitoring a current flowing between the drain and the source
during application of the first voltage to the control gate; and
terminating application of any of the first voltage to the control gate,
the second voltage to the drain, and the third voltage to the source when
the monitored current reaches a reference current.          The step of
monitoring the current may include the step of monitoring a voltage at the
floating gate.           The step of monitoring the current may include the
step of monitoring an amount of charge at the floating gate.
Preferably, application of the first voltage to the control gate forms an
inversion layer in a channel region disposed between the drain and the
source.           The step of monitoring the current may include the step
of monitoring a conductivity of the inversion layer.  



The first voltage may be varied linearly with respect to at least two
threshold levels of the memory cell.           The second voltage may be
greater than the third voltage.           The reference current may be a
fixed reference current.           According to a further aspect of the
invention, there is provided a method for programming at least two
threshold levels of a nonvolatile memory cell, the memory cell having a
control gate, a floating gate, a drain, and a source, the method comprising
the steps of:         applying a first voltage to the control gate, the
first voltage corresponding to a respective one of the at least two
threshold levels;                                                       5
applying a second voltage to the drain and a third voltage to the source;
monitoring a current flowing between the drain and the source during
application of the first voltage to the control gate; and
terminating application of any of the first voltage to the control gate,
the second voltage to the drain, and the third voltage to the source when
the monitored current reaches a reference current.  



The step of monitoring the current may include the step of monitoring a
voltage at the floating gate.          The step of monitoring the current
may include the step of monitoring an amount of charge at the floating
gate.          Preferably, application of the first voltage to the control
gate forms an inversion layer in a channel region disposed between the
drain and the source.           The step of monitoring the current may
include the step of monitoring a conductivity of the inversion layer.
The first voltage may be selected according to a linear relationship with
the at least two threshold levels.           The second voltage may be
greater than the third voltage.           The reference current may be a
fixed reference current.           The reference current may be a fixed
reference current.                             BRIEF DESCRIPTION OF THE
DRAWINGS 



6        In order that the invention might be more fully understood,
embodiments of the invention will be described, by way of example only,
with reference to the accompanying drawings, in which:          FIG. 1A is
a circuit diagram of a general nonvolatile memory cell;        FIG. 1B is a
graph illustrating an automatic verification programming principle of the
nonvolatile memory cell of FIG. 1A;        FIG. 2 is a diagram illustrating
a programming method using a current detection according to an embodiment
of the present invention;        FIGS. 3A to 3G are waveform diagrams for
respective nodes of FIG. 2;        FIG. 4 is a flowchart of the two-level
or multilevel programming process according to a preferred embodiment of
the present invention;        FIG. 5A is an equivalent circuit diagram of
the nonvolatile memory cell shown in FIG. 1A illustrating the capacitance;
FIG. 5B is a graph of the relationship between the threshold levels to be
programmed and the corresponding control gate voltages; and        FIG. 5C
is a plot of the drain current variation from the start to the completion
of the programming for the respective levels.               DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Reference will now be made in detail to the preferred embodiments of the
present invention, examples of which are illustrated in the accompanying
drawings.        FIG. 2 is a diagram showing the construction of a
nonvolatile memory device for describing a programming method according to
the present invention. The nonvolatile memory device shown in FIG. 2
comprises a first voltage source 6, a second voltage source 7, a third
voltage source 8, a current detector 9, and an EEPROM cell 10. Ps
designates an externally-supplied programming start signal, and V[err]T
designates a programming stop signal. FIG. 1A shows the most general
structure of the EEPROM cell 10. In other words, the typical nonvolatile
memory cell of a variety of types, such as a simple stacked gate and a
7 split-channel structure, can be simplified in an operational programming
mode resulting in the structure shown in FIG. 1A.        First voltage
source 6 supplies a voltage V[err] (where i = 0, 1, 2, ... and n-1) to a
control gate 1 of the EEPROM cell 10 for programming an ith threshold level
in a multilevel programming. Accordingly, voltage V[err] has a different
value for each level. Second voltage source 7 supplies a voltage V[err] to
a drain 5 and third voltage source 8 supplies a voltage V[err] to a source
3. Here, any value can be applied as voltage V[err], but ground is assumed
for voltage Vs for convenience of explanation.         I[err](t) designates
a current flowing to drain 5. Current detector 9 has a reference current
value I[err], and generates programming stop signal V[err] when current
I[err](t) flowing through drain 5 reaches reference current I[err] during
the programming of the ith threshold level.         Time t[err] denotes an
ending time of the ith threshold level programming. At this time, 



reference current I[err] of current detector 9 is determined by an
electrical characteristic of EEPROM cell 10 which utilizes the programming
method according to the present invention.         When current I[err](t)
of drain 5 is redefined, drain current I[err(t) depends on time. This
current value I[err](t) denotes the current value at drain 5 triggered by a
voltage V[err](t) at floating gate 2 during the ith level programming. The
current I[err](t) is at a maximum at the beginning of the period of the
programming and decreases as the programming proceeds. Also, program stop
signal V[err] is generated from current detector 9 when it decreases below
the reference current I[err] of current detector 9.         Under the
above-described conditions, a two-level or multilevel programming process
will be described with reference to FIGS. 3 and 4. FIGS. 3A to 3G show
waveforms at respective nodes of FIG. 2, and FIG. 4 is a flow chart showing
the two-level or multilevel programming process according to the present
invention. Hereinafter, the method for programming the EEPROM cell 10 of
FIG. 2 according to the present invention will now be described in detail
with reference to the flow chart of FIG. 4.         For programming EEPROM
cell 10 and forming an inversion layer in channel region 4, a first
voltage, which is varied to correspond to every threshold level programming
during the programming of at least two threshold levels, is applied to
control gate 1, and a second voltage and a third voltage are applied to
drain 5 and source 3, respectively, such that the
8 voltage applied to drain 5 is greater than that applied to source 3.
Then, the current flowing between drain 5 and source 3 is monitored while
programming the respective threshold levels of EEPROM cell 10, and the
supply of any one among the first, second, and third voltages respectively
applied to control gate 1, drain 5, and source 3 is terminated to stop the
programming when the current reaches a predetermined reference current.
This method will be described in detail below. It is assumed that a
corresponding cell 



is under an erased state prior to performing the programming. Here, the
erased state denotes a zero level which is the lowest level. It is also
assumed that a floating gate FET has a structure with an n-type channel on
a p-type substrate.         First, as shown in FIG. 3A, when programming
start signal Ps is externally provided for the two-level or multilevel
programming, voltage V[err] applied to control gate 1 is set for the ith
level programming. While programming start signal Ps of FIG. 3A is
supplied, voltages V[err] shown in FIG. 3B and V[err] are supplied from
first voltage source 6 and second voltage source 7 to control gate 1 and
drain 5, respectively.         In this operation, floating gate 2 is
supplied with electrons for the ith threshold level programming. Here, any
program mechanism may be used to supply the charge to floating gate 2, but
generally, either a hot carrier injection or tunneling mechanism is used.
After voltages V[err] and VD are applied to control gate 1 and drain 5,
respectively, current detector 9 is turned on to monitor the voltage
variation at floating gate 2. Once voltages V[err] and V[err] are applied
to control gate 1 and drain 5, as shown in FIG. 3C, voltage V[err](t) for
the ith threshold level programming is imposed upon floating gate 2, and
the inversion layer is formed in channel region 4 of the FET. Actually,
since source 3, drain 5, and channel region 4 are placed on a semiconductor
substrate (not shown), the current flows from drain 5 to source 3 via
channel region 4 once the inversion layer is formed. At this time, current
I[err](t) flows to drain 5, which is at a maximum at the beginning of the
period as shown in FIG. 3D, and the electrons are injected into floating
gate 2 along with the progression of the programming to decrease the
floating gate voltage, so that current ID,i(t) also decreases.         As
described above, current detector 9 monitors drain current I[err](t) during
the ith  threshold level programming. When the monitored value reaches
reference current I[err], as  shown in FIG. 3D, the ith threshold level
programming is considered to be complete and  programming stop signal VST
is output as shown in FIG. 3E. Here, it is described that current         



9 detector 9 monitors current I[err](t), which substantially, as shown in
FIGS. 3C and 3G, can be described by monitoring the variation of the
voltage or amount of charge at floating gate 2 during the programming.
That is, as shown in FIG. 3C, the floating gate voltage reaches a reference
voltage V [err] at floating gate 2 corresponding to reference current
I[err] when the drain current reaches reference current I[err]. In
addition, the monitoring of current I[err](t) can be described by
monitoring the conductivity of the inversion layer formed in channel region
4 of FIG. 2.         In FIG. 2, programming stop signal V[err] is provided
to first and second voltage sources 6 and 7, and first and/or second
voltage sources 6 and 7 stop the supply of voltages V[err] and VD to
control gate 1 and drain 5 in response to programming stop signal V[err] as
shown in FIG. 3B. In other words, if current I[err](t) is less than
reference current I[err] at the time t = t[err], the ith threshold level
programming is completed. Therefore, time t[err] denotes the time of
programming the ith threshold level.         FIG. 3F represents the
variation of threshold voltages V[err] and V[err] at control gate 1 with
respect to the time for the programming of the first and second threshold
levels. Also, FIG. 3F illustrates the increase of threshold voltage V[err]
at control gate 1 as the degree of the level increases during the
multilevel programming. This is obtained by increasing voltage V[err]
during the programming. Here, the programming times t[err] and t[err] of
the first and second levels are different because of the different amounts
of variation of the control gate voltage and threshold voltage
corresponding to respective levels.         On the other hand, FIG. 3G is a
plot of the charge variation at floating gate 2 from an initial charge
amount Q[err](0) at floating gate 2 to the charge amount Q[err](t[err])
when the first threshold level programming is complete and the charge
amount Q[err](t[err]) when the second threshold level programming is
complete, in case of the first and second threshold levels. As shown in
FIG. 3G, the charge amount at floating gate 2 increases from the initial
value Q[err](0) to respective charge amounts Q[err](t[err]) and
Q[err](t[err]) when voltages V[err](t) and V[err](t) (where t = t[err] and
t = t[err]) at floating gate 2 reach reference voltage V[err] at floating
gate 2 corresponding to reference current I[err].         Referring to FIG.
5A, the relationship between voltage V[err] applied to control gate 1 and
the threshold voltage of the corresponding level will be described, which
is one significant result of the present invention.  



10        FIG. 5A is an equivalent circuit diagram showing the capacitance
of the EEPROM cell of FIG. 1A. In FIG. 5A, C[err] designates a capacitance
between control gate 1 and floating  gate 2, CD is a capacitance between
drain 5 and floating gate 2, and C[err] is a capacitance between source
(including the substrate) and floating gate 2.         A sum C[err] of the
capacitances can be written as:
C[err]= C[err]+ C[err]+ C[err]                             (1)
Also, coupling coefficients of each capacitance are defined as:
a[err] = C[err]/C[err], a[err] = C[err]/C[err], as = C[err]/C[err]
(2)           In FIG. 5A, the voltage at floating gate 2 during programming
is generally written as:
V[err](t)=a[err]V[err] + a[err]V[err] + a[err]V[err] + Q[err](t)/C[err]
= a[err][V[err] - V [err](t)] + a[err]V[err] + a[err]V[err]
(3)   



where reference symbol Q[err](t) designates the charge amount at floating
gate 2 at time t. During programming, threshold voltage V[err](t) at
control gate 1 is defined as:
V[err](t) = -QF(t)/CC                           (4)           In other
words, V[err](t) in equation (4) designates a threshold voltage shift
measured at control gate 1 at time t. Threshold voltage shift V[err](t)
denotes a threshold voltage measured at control gate 1 after being caused
by the charge stored in floating gate 12.         Also, threshold voltage
VFTH at floating gate 3 is an inherent threshold voltage of the FET,
consisting of floating gate 2, drain 5, and source 3 of FIG. 1. V[err] is
determined by  the manufacturing conditions of the FET, such as a channel
ion implantation and the  thickness of the gate insulating layer when
fabricating the EEPROM cell shown in FIG. 1. Therefore, threshold voltage
VFTH of floating gate 2 is always constant.
11        However, threshold voltage V[err] of control gate 1 is determined
by the amount of charge QF at floating gate 2. The programming of
respective threshold levels is forced to stop  when voltage VF(t) at
floating gate 2 reaches reference voltage V[err] at floating gate 2. That
is, this point corresponds to the time that current ID(t) of drain 5
reaches reference current I[err], and also corresponds to time t[err] the
programming is complete.         Thus, voltage V[err](t[err]) of floating
gate 2 when the threshold level programming is 



complete is:                            V[err](t[err]) = V[err] =
a[eerr]V[err] - V[err](t[err])] + a[err]V[err] + a[err]V[err]           (5)
By rearranging equation (5), voltage V[err] applied from first voltage
source 6 to control gate 1 is:                                 V[err]=
V[err](t[err]) + [V[err] - a[err]V[err] - a[err]V[err]]/a[err]
= V[err](t[err]) + V1                                            (6)
where:                                       V1= [V [err] - a[err]V[err]-
a[err]V[err]/a[err]                (7)           Here, by adjusting three
parameters of drain voltage VD, source voltage V[err], and reference
voltage V[err] such that value V1 is fixed at the programming ending period
of the respective level programming, control gate voltage Vc and threshold
voltage shift V[err] are linear with respect to each other. In the simplest
method for making V1 fixed, respective drain voltage V[err], source voltage
V[err], and reference voltage V[err] are fixed with respect to the
programming of the respective levels.         However, as expressed in
equation (5), drain voltage VD and source voltage Vs are to have the same
value at the ending point of the programming of the respective levels. In
other words, although drain voltage VD and source voltage V[err] may be
variables differing in accordance with the programming time, the above
object can be obtained only by permitting the values to be equal at the
ending point of the programming.  



12        In equation (7), if coupling coefficients aD and as are
considerably smaller than coupling coefficient ac, the two terms involving
coupling coefficients aD and as may be ignored.        In equation (5), the
value of control gate voltage V[err] of respective levels may be varied in
accordance with time. In this case, the value of control gate voltage
V[err] of respective levels is the value of the ending point of the
programming of respective levels.        Value V1 is forced to be constant
with respect to every programming level as described above so that control
gate voltage V[err] required for the ith threshold level programming is
expressed as equation (8) by means of equation (7):
V[err] =V[err] + V1 (where i = 0, 1, 2, 3 ...., n-1)             (8)
In view of equation (8), it can be realized that the threshold levels
desired to be programmed and the control gate voltage applied corresponding
to them have the linear relation with a slope of one. FIG. 5B illustrates
the result. Here, it also can be noted from equation (4) that the charge
amount of floating gate 2 is linear with respect to the control gate
voltages.         Since value V1 is constant as described above, an ith
shift value DV[err] of the voltage applied to control gate 1 during the
multilevel programming is expressed as:
DV[err] = DV [err]                                    (9)  



From equations (8) and (9), when shift value DV[err] goes from the erased
state, i.e., the lowest level, to one of the respective threshold levels
determined during the two-level or multilevel programming, the programming
of the corresponding level is performed so that a value, obtained by adding
the desired threshold level shift value DV[err] to a value V[err] of the
previously known lowest level programming, is applied to the control gate
voltage. One then waits for the automatic completion of the programming.
Here, since reference voltage V[err] is a constant and control gate voltage
V[err] increases as it reaches a higher level with respect to the
programming of the respective levels, the initial value I[err](0) of the
drain current increases as it reaches the higher level. This
13 process is illustrated in FIG. 5C. Also, the programming completion
point of the respective levels is varied according to the electrical
characteristics of the memory cells and the voltages applied to the
respective nodes.        A method for determining control gate voltage
V[err] and reference current value I[err] for performing the programming of
the lowest level will now be described.        To begin, two parameters of
control gate voltage V[err] and reference current I[err] at floating gate 2
remain in equations (7) and (8) if the desired lowest level value V[err],
drain voltage V[err] and source voltage V[err] of the selected memory cell
are determined. Here, since drain voltage VD and source voltage V[err] are
constants, reference voltage V [err] corresponds to reference current value
I[err] on a one-to-one basis.         The memory cell is adjusted to the
desired lowest level value V[err], and voltages V[err], V[err], and V[err]
are applied to the memory cell. Then, initial drain current value I[err](0)
is measured which becomes the reference current value. Here, voltage V[err]
is determined in consideration of the programming time and the maximum
control gate voltage V[err]. Once 



voltage V[err] is determined, the reference current value can be obtained
by the above- described method. The reference current value can also be
measured using several other methods.         In the foregoing description,
the value V1 of equation (7) is fixed with respect to the programming of
respective levels. If the parameters of equation (7) are adjusted to vary
the value V1 for the programming of the respective levels, control gate
voltage V[err] and the corresponding threshold voltage V[err] have a
nonlinear relationship as shown by equation (8). Therefore, the shift value
of the control gate voltage and the shift value of the corresponding
threshold voltage differ. In this case, reference current I[err] is
properly adjusted by a desired value for each level to enable the
programming of the threshold voltage corresponding to each level. Only
that, since control gate voltage V[err] and the corresponding threshold
voltage V[err]  have a nonlinear relationship, their relationship can be
experimentally determined.         Moreover, the concept of the present
invention described herein is explained regardless of the programming
mechanism. Thus, it can be realized that the concept of the present
invention is applicable to the programming mechanism of any system
expressed by equation (3).
14        If the hot carrier injection system is employed, the source
voltage is grounded, and the drain voltage and control gate voltage are
applied with a positive voltage sufficiently high enough to cause the
programming by hot carrier injection. At this time, the current flows
between drain 5 and source 3, and this programming current is monitored to
stop the programming when the current reaches reference current I[err].
When the tunneling system is employed, a positive voltage is applied to
control gate 1, and a negative (or zero) voltage is applied to drain 5 and
source 3. As a result, a sufficient 



electrical field is imposed to cause tunneling between floating gate 2 and
drain 5, source 3, or channel region 4. At this time, the drain voltage is
greater than the source voltage thereby allowing the current to flow
between drain 5 and source 3. The current is monitored to stop the
programming when the current reaches reference current I[err]. If a
negative voltage is applied to drain 5 or source 3, a smaller or equal
voltage is applied to the substrate when drain 5 and source 3 are n-type
semiconductor impurity regions and the substrate is a p-type semiconductor.
Heretofore, the two-level or multilevel programming method is described.
Hereinafter, an erasure method using the above programming system will be
described.         In connection with the erasure, voltages are applied to
respective nodes to impose an electric field strong enough to erase the
charge carriers between floating gate 2 and source 3, drain 5, or channel
region 4, thereby erasing the charge carriers to source 3, drain 5, or
channel region 4 through tunneling. According to the present invention, the
erased state denotes the lowest threshold level, i.e., V[err]. In other
words, all EEPROM cells within a given erasure block are programmed at the
lowest level. Thus, the erasing process is easily carried out by the
following steps.         First, the threshold levels of all cells within a
selected block are erased to below level zero, i.e., below V[err].
Successively, all selected cells are programmed with the level zero value,
i.e., the voltage of control gate I is V[err]. Here, the value of V[err]
can be set by a proper value as described above. Since the erasure state is
attained by the above-stated programming mechanism in actual aspect, a
problem of excessive erasure can be solved.         The programming method
according to the present invention as described above has the following
advantages.                                                       15
First, multilevel programming is easily executed since only the voltage of
the control 



gate is changed for each programming of respective threshold levels.
Second, respective threshold voltage levels and respective control gate
voltages corresponding to them have a linear relationship to each other,
and the shift value of the threshold voltage is the same as the shift value
of the control gate voltage, thereby enabling the accurate adjustment of
the threshold voltage shift of respective levels.        Third, since the
erased state is adjusted by an optional control gate voltage with the
programming of the lowest level, there is essentially no problem of
excessive erasure.        Fourth, the EEPROM cell inherently performs
programming and reading simultaneously, so that a separate circuit for
verifying the programmed content is not required, and consequently the
programming speed is increased.        Fifth, a previous programming is not
needed before executing the erasure.        Sixth, the accuracy of the
multilevel programming, i.e., error distribution of the programmed
threshold voltages, is accurately determined by the parameters fixed during
the fabrication of the nonvolatile memory and application of the bias
voltage. Therefore, the threshold voltage error distribution of respective
levels of the nonvolatile memory according to the present invention is not
dependent on many programming/erasing cycles. Furthermore, programming is
performed independent of the trap of the charge, channel mobility, bit line
resistance, and unstable or unpredictable electrical elements.
Seventh, since the programming system of the nonvolatile memory according
to the present invention is a voltage-controlled method by means of the
control gate voltage, multilevel programming can be performed more easily
and accurately than the current- controlled method.         It will be
apparent to those skilled in the art that various modifications and
variations can be made in the method for programming a nonvolatile memory
of the present invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within
the scope of the appended claims and their equivalents.       



What is claimed is:                     16          1.    A method for
programming a nonvolatile memory cell having a control gate, a floating
gate, a drain, a source, and a channel region disposed between the drain
and source, the method comprising the steps of:        applying a first
voltage to the control gate to form an inversion layer in the channel
region, the first voltage being varied to program at least two threshold
levels of the memory cell;        applying a second voltage to the drain
and a third voltage to the source, the second voltage being greater than
the third voltage;        monitoring a current flowing between the drain
and the source during the programming of the at least two threshold levels;
and        terminating any one of the first voltage, the second voltage,
and the third voltage when the monitored current reaches a preset reference
current to thereby stop the programming of the at least two threshold
levels.          2.    The method for programming a nonvolatile memory cell
according to claim 1, wherein the reference current has a fixed value
during the programming of the at least two threshold levels.          3.
A method for programming a nonvolatile memory cell having a control gate, a
floating gate, a drain, and a source, the method comprising the steps of:
applying a variable first voltage to the control gate;        applying a
second voltage to the drain and a third voltage to the source;
monitoring a current flowing between the drain and the source during
application of the first voltage to the control gate; and
terminating application of any of the first voltage to the control gate,
the second 



voltage to the drain, and the third voltage to the source when the
monitored current reaches a reference current.
17        4.    The method for programming a nonvolatile memory cell
according to claim 3, wherein the step of monitoring the current includes
the step of monitoring a voltage at the floating gate.          5.    The
method for programming a nonvolatile memory cell according to claim 3,
wherein the step of monitoring the current includes the step of monitoring
an amount of charge at the floating gate.          6.    The method for
programming a nonvolatile memory cell according to claim 3, wherein
application of the first voltage to the control gate forms an inversion
layer in a channel region disposed between the drain and the source.
7.    The method for programming a nonvolatile memory cell according to
claim 6, wherein the step of monitoring the current includes the step of
monitoring a conductivity of the inversion layer.           8.    The
method for programming a nonvolatile memory cell according to claim 3,
wherein the first voltage is varied linearly with respect to at least two
threshold levels of the 



memory cell.           9.    The method for programming a nonvolatile
memory cell according to claim 3, wherein the second voltage is greater
than the third voltage.           10.   The method for programming a
nonvolatile memory cell according to claim 3, wherein the reference current
is a fixed reference current.           11.   A method for programming at
least two threshold levels of a nonvolatile memory cell, the memory cell
having a control gate, a floating gate, a drain, and a source, the method
comprising the steps of:         applying a first voltage to the control
gate, the first voltage corresponding to a respective one of the at least
two threshold levels;
18        applying a second voltage to the drain and a third voltage to the
source;        monitoring a current flowing between the drain and the
source during application of the first voltage to the control gate; and
terminating application of any of the first voltage to the control gate,
the second voltage to the drain, and the third voltage to the source when
the monitored current reaches a reference current.   



12.   The method for programming a nonvolatile memory cell according to
claim 11, wherein the step of monitoring the current includes the step of
monitoring a voltage at the floating gate.           13.   The method for
programming a nonvolatile memory cell according to claim 1 1, wherein the
step of monitoring the current includes the step of monitoring an amount of
charge at the floating gate.           14.   The method for programming a
nonvolatile memory cell according to claim 11, wherein application of the
first voltage to the control gate forms an inversion layer in a channel
region disposed between the drain and the source.           15.   The
method for programming a nonvolatile memory cell according to claim 14,
wherein the step of monitoring the current includes the step of monitoring
a conductivity of the inversion layer.         16.   The method for
programming a nonvolatile memory cell according to claim 11, wherein the
first voltage is selected according to a linear relationship with the at
least two threshold levels.           17.   The method for programming a
nonvolatile memory cell according to claim 1 1, wherein the second voltage
is greater than the third voltage.           18.   The method for
programming a nonvolatile memory cell according to claim 11, wherein the
reference current is a fixed reference current.     



19          19.    The method for programming a nonvolatile memory cell
according to claim  11, wherein the reference current is a fixed reference
current.    


