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NONVOLATILE MEMORY CELL PROGRAMMING

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates in general to non volatile memories and in particular to a

method of programming non volatile memory cells.

Description of the Related Art

[0002] Non volatile memories (NVM) include memory cells for storing logical values

with the values being retained after power has been removed from the memory.

[0003] Some types of NVM cells utilize a charge storing structure such as e.g. a floating

gate for storing charge indicative of the logic value (or values with some types of NVM cells)

being stored in the cell. With some types of NVM cells, the level of charge stored in the

charge storing structure affects the voltage threshold of the transistor of the cell during a

voltage read. In one example, a cell with a high voltage threshold would be considered as

storing a logical "1" and a cell with a low voltage threshold would be considered as storing a

logical "0". Conventional memory circuitry (e.g. a sense amplifier) can be used during a read

of a memory cell to differentiate between a high voltage threshold and low voltage threshold

due to the charge level stored in the charge storing structure of a memory cell.

[0004] Logical values are stored in a memory cell by adding charge to the charge storing

structure. In one example of writing values to a NVM, all of the cells of the NVM are first

erased. Then cells in which a logic value (e.g. a logical 1) is to be stored would be

programmed by adding charge to the charge storing structure of the cell. No charge would be

added to cells in which another logic value (e.g. a logical 0) is desired to be stored. Thus, the

charge storing structures of these cells would remain at the erased charge level.

[0005] One type of programming an NVM cell is generally referred to as hot carrier

injection. With hot carrier injection, a current electrode (e.g. source or drain) of an NVM

memory cell is biased with a relatively high voltage and a biasing gate (e.g., select gate or

control gate) is biased with a relative high voltage. The other current electrode (e.g. the other



of the source or drain) is coupled to a current source or a relatively low voltage. Under such

conditions, electrons move to the biased current electrode across a channel region, and

electrons are injected into the charge storing structure to charge the charge storing structure.

[0006] One problem with conventional hot carrier injection programming is that it can

damage the NVM cells ability to store logical values. Accordingly, the number of times that

a cell may be programmed and still remain operational may be limited.

[0007] What is needed is an improved method for programming a non volatile memory

cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention may be better understood, and its numerous objects,

features, and advantages made apparent to those skilled in the art by referencing the

accompanying drawings.

[0009] Figure 1 is a partial side view of one type of non volatile memory cell.

[0010] Figure 2 is a timing diagram for programming a non volatile memory cell

according to one embodiment of the present invention.

[0011] Figure 3 is a timing diagram for programming a non volatile memory cell

according to another embodiment of the present invention.

[0012] Figure 4 is a partial side view of another type of non volatile memory cell.

[0013] The use of the same reference symbols in different drawings indicates identical

items unless otherwise noted. The Figures are not necessarily drawn to scale.

DETAILED DESCRIPTION

[0014] The following sets forth a detailed description of a mode for carrying out the

invention. The description is intended to be illustrative of the invention and should not be

taken to be limiting.

[0015] Figure 1 is a partial side view of one example of a non volatile memory cell 110

that may be programmed according to the embodiments set forth in the timing diagrams of

Figures 2 and 3. In the embodiment shown, memory cell 110 is a NVM cell implemented in



a non volatile memory array (not shown) of an integrated circuit 108. In one embodiment,

the memory array may be a stand alone memory circuit. In other embodiments, the memory

array may be implemented with a processor (not shown) or with other types of circuitry in an

integrated circuit.

[0016] In the embodiment shown, memory cell 110 is a split gate memory cell with a

charge storing structure 114 (e.g. floating gate) separated from substrate 112 by dielectric

material (not shown in Figure 1). Cell 110 also includes a select gate 116 having a portion

separated from charge storing structure 114 by dielectric material and a portion separated

from substrate 112 by dielectric material. In one embodiment, gate 116 may extend farther (to

the left in the view of Figure 1) over charge storing structure 114 and be used as a control

gate. Cell 110 includes a drain 120 and a source 118, both of which are located in substrate

112 in the embodiment shown. In one embodiment, source 118 and drain 120 are formed by

doping areas of substrate 112. Memory cell 110 may include other conventional structures or

features not shown such as e.g. sidewall spacers, suicided contacts, barrier layers, plugs,

and/or interlayer dielectrics.

[0017] In one embodiment, select gate 116 and charge storing structure 114 are

implemented with doped poly silicon, but each may be made of different materials in other

embodiments. In one embodiment, gate 116 and/or charge storing structure 114 may be

made of metal or other conductive materials. In other embodiments, charge storing structure

114 may be made of a charge trapping dielectric such as e.g. nitride or hafnium oxide hi

other embodiments, charge storing structure 114 may include nanocrystals or other charge

storing material. In one embodiment, charge storing structure may include a geometric shape

(e.g. a pointed region or curved region) that enhances the electric field for removal of

electrons during erase operations.

[0018] hi the embodiment shown, select gate 116 is electrically coupled to a word line

(not shown) of the memory array, drain 120 is electrically coupled to a bit line (not shown) of

the memory array, source 118 is electrically coupled to a source line (not shown) of the

memory array. In one embodiment, these lines are implemented in interconnect layers above

the substrate 112 and are coupled to conventional circuitry (e.g. line drivers, sense amplifiers)

for applying voltages to these structures or measuring current or voltages from these

structures during memory array operations. The details of such circuitry are known to those



of skill in art and are omitted from the Figures to more clearly represent programming

features of this application.

[0019] In the embodiment shown, memory cell 110 is a 1-bit NVM cell which stores only

one logical bit. However, other memory cells may store a different number of values. In the

embodiment shown, charge is stored in charge storing structure 114 to store a one bit logical

value in memory cell 110. In the embodiment shown, the more negative charge stored in

charge storing structure 114, the higher the voltage threshold of memory cell 110 when read.

[0020] To read the logical value stored in cell 110, a read voltage (V DR) is applied to

drain 120 (as shown by terminal VD in Figure 1) and a read voltage (V GR) is applied to gate

116 to select the cell. A sense amplifier or other sensing circuitry is coupled to the drain

during a read operation. The sense amplifier is used to differentiate between a first voltage

threshold due to a first level of charge stored in charge storing structure 114 and a second

voltage threshold due to a second level of charge stored in charge storing structure 114.

[0021] Memory cell 110 is programmed by selectively adding or injecting charge into

charge storing structure 114 to store a particular logic value. The injected charge in charge

storing structure 114 provides memory cell 110 with a voltage threshold above a

predetermined voltage threshold level when read.

[0022] An example of a type of programming that may be used to inject charge into

charge storing structure 114 is referred to as source side injection. With source side injection,

a programming voltage (Vps) is applied to source 118 and a programming voltage (VPG) is

applied to select gate 116. In some embodiment, drain 120 is coupled to a current source or

voltage source during programming.

[0023] As shown in Figure 1, during programming, electrons are injected from drain 120

across channel region 111 to source 118 (see arrow 115). Also during programming,

electrons are injected into charge storing structure 114 from drain 120 due to the vertical field

generated by the source programming voltage (Vsp) capacitively coupled to charge storing

structure 114 in the embodiment shown.

[0024] However, source side injection programming creates damage in memory cell 110

which reduces the memory cell's ability to provide a voltage threshold that is dependent upon

the amount of charge stored in charge storing structure 114 or the ability to store charge in



charge storing structure 114. Accordingly, NVM cells can be programmed a limited number

of times. Such limited programming decreases the flexibility of use of an integrated circuit

implementing memory cell 110.

[0025] Figure 2 sets forth a timing diagram of one embodiment for programming a NVM

cell with source side injection according to one embodiment of the present invention. In the

embodiment shown in Figure 2, a programming voltage is initially applied to source 118 at a

lower level and then increased over the programming cycle.

[0026] At time tθ, a voltage is applied to source 118 and ramps up to a first voltage level

(V SPO at time t l . At time t2, a programming voltage (V PG) is applied to select gate 116, and

drain 120 is placed in a condition to pull current from drain 120 thereby reducing its potential

from V 1 to V D2- In one embodiment, drain 120 is placed in a condition to pull current by

electrically coupling a bit line to a current mirror (not shown).

[0027] From time t2 to time t3, the voltage applied to source 118 remains at VsP 1. At

time t3, the voltage applied at source 118 begins to ramp up until it reaches Vsp2 at time t4.

The voltage applied to source 118 remains at Vsp2 until time t5, where it begins to ramp up

until its reaches voltage V SP3 at time t6. From time t6 to time Xl, charge storing structure 114

is being programmed with voltage Vsp3 being applied to source 118. At time Xl, the cell is

deselected by, in the embodiment shown, removing the programming voltage from gate 116.

Also at time Xl, drain 120 is removed from the condition where a current is pulled from drain

120 wherein the voltage of drain 120 moves back from V D2 to V D 1. At time t8, the voltage of

source 118 is brought down to OV.

[0028] In one embodiment, VPS1 is 7 Volts, VPS2is 8.5 Volts, VPS3 is 10.5 Volts, VPG is 2

Volts, V D 1 is 2.5 volts, and V D2 is 0.7 volts hi one embodiment, the time from time t2 to

time t3 is 3 microseconds, the time t3 to time t5 is 4 microseconds, and the time from time t5

to time t7 is 15 microseconds with the total time from time t0 to time t8 being less than 40

microseconds. However, other embodiments may utilize other programming voltages and/or

times.

[0029] During programming, the vertical field from the charge storing structure 114 to

substrate 112 is a function of the charge of the charge storing structure 114 plus the source

voltage (Vs). Initially, for an erased memory cell, charge storing structure 114 is at a higher



potential due to the absence of electrons from being at an erased state. As electrons are

injected into charge storing structure 114, the positive charge of gate 114 is reduced and

therefore the total field is reduced as the programming cycle progresses.

[0030] In the embodiment shown, programming during a program cycle is performed

with the source voltage being raised as the program cycle progresses. Because early in the

programming cycle, the source voltage is at a lower level (e.g. VsP 1), the vertical field

between the charge storing structure 114 and substrate 112 is lower during the earlier portions

of the programming cycle.

[0031] IfVsp3 were initially applied to source 118 at the beginning of the programming

cycle, then the vertical field would be at a maximum due to the charge storing structure being

at its maximum positive charge (the erased state) and the source being at a maximum voltage

level simultaneously.

[0032] However, with the embodiment shown in Figure 2, with a lower voltage initially

applied to source 118, the vertical field is reduced during the initial portion of the

programming cycle. As charge is injected into charge storing structure 114, the positive

charge of charge storing structure 114 is reduced thereby reducing the vertical field. As the

vertical field falls, the source voltage can be raised. When the voltage is raised to Vsp2, more

charge is injected into charge storing structure 114, thereby reducing the vertical field further.

Accordingly, by the time that the highest source voltage Vsp is applied, the positive charge

of the charge storing structure 114 has been reduced such that the vertical field is

significantly less than if Vsp3 where initially applied during a programming cycle.

[0033] With some types of NVM cells, a high vertical filed during programming causes

damage to the cell's gate dielectric thereby affecting the cell's ability to store logical values.

Because the vertical field is reduced due to an initial lower source voltage of a programming

cycle with the embodiments described, the amount of damage that occurs during a

programming cycle due to the vertical field is reduced as well. Due to this reduced damage, a

memory cell may be able to withstand more programming cycles and maintain operability.

[0034] In other embodiments, the voltages applied to the gate and the source and their

duration may be different. For example, in one embodiment, the voltage applied to the

source may be a continuous linear ramp function from OV to the maximum programming



source voltage. In other embodiments, the ramp may have a non linear function (e.g.

parabolic). Other embodiments may have a different number of source programming voltage

levels e.g. just 2 (Vspi and Vsp2) or four or greater. In the embodiment shown, the source

remains at the highest voltage (Vsp3 in Figure 2) for the longest period of time (e.g. when the

bulk of programming is being performed). However, in other embodiments, the source

voltage may remain at a fixed lower voltage level for a longer period of time than at the

higher voltage level.

[0035] Also, in other embodiments, a read cycle of the memory cell may be performed

after time t8 to test the cell to see if it's programmed properly. If the cell does not read

correctly, then another programming cycle may be performed.

[0036] Figure 3 is a timing diagram of another embodiment of a programming cycle for

programming an NVM cell according to the present invention. The embodiment of Figure 3

is different from the embodiment of Figure 2 in that the source voltage is increased during the

programming cycle in a step wise and discontinuous manner. For example, at time tθ, the

voltage is increased to Vs
P 1

from 0 voltage and then reduced from VsP 1 to OV at time t3. The

next increase in the source voltage (Vsp2) occurs from time t4 to time t7. During the time that

the source voltage is reduced to 0 volts (e.g. time t3 to time t4 and time t7 to time t8), the cell

is deselected. In the embodiment shown, cell 110 is deselected by applying 0 volts to gate

116 (e.g. from time t2 to time t5 and time t6 to time t9).

[0037] In the embodiment of Figure 3, the cell is deselected during a change in source

voltage. Accordingly, if a voltage overshoot occurs, the increase in the vertical field due to

the excess voltage of the overshoot will not damage the cell in that the cell is deselected.

[0038] The embodiment of Figure 2 may be modified such that the cell may be deselected

before the ramp or during the ramp to voltage levels VsP 1, V SP2, and/or Vsp3 so that the cell is

de-asserted at the end of the ramp when an overshoot may occur. Also in some

embodiments, the source voltage may be stepped to the next higher voltage without being

brought to zero volts as shown in the embodiment of Figure 3.

[0039] One advantage of the programming cycles of Figures 2 and 3 is that the

programming cycles are uninterruptible in that there are no intermittent read operations in

between the increases in source voltage.



[0040] The use of increasing voltages applied to the source during programming may be

utilized in other types of NVM cells.

[0041] Figure 4 is a partial side view of another type of NVM cell. NVM cell 410

includes two biasing gates, a control gate 430 and a select gate 428. Cell 410 includes a

nitride charge storing structure 426. Structure 426, gate 428, and gate 430 are located over

substrate 412. Cell 410 includes both a source 419 and a drain 418.

[0042] To program cell 410 and inject charge into structure 426, a source program

voltage is applied to source 419, a program voltage is applied to the control gate 430, a

program voltage is applied to select gate 428, and a lower voltage is applied to drain 418.

With this embodiment, the voltage applied to the source may be increased during

programming. In some embodiments, the programming voltage applied to gate 430 may be

increased during programming as well.

[0043] As described herein, the term source designates a current electrode of a memory

cell that supplies carriers (e.g. electrons for N-channel devices or holes for P-channel

devices) during a read of a storage location of the memory cell. A drain is a current electrode

of a memory cell that receives the carriers during a read of a storage location of the memory

cell. Some NVM's may have more than one storage location, accordingly, the designation of

source or drain of a current electrode of a memory cell would depend upon which storage

location is being read during a read. Thus, the designation of source or drain to a current

electrode during a write of a storage location of a multi storage location cell would depend

upon its use during a read of the storage location.

[0044] One embodiment includes a method of programming a non-volatile memory

(NVM) cell that includes a first current electrode that functions as a source during a read

operation, a second current electrode that functions as a drain during a read operation, and a

control electrode that functions as a biasing gate. The method includes applying a first

programming voltage to the first current electrode and applying a second programming

voltage to the first current electrode after the applying the first programming voltage. The

second programming voltage is greater than the first programming voltage. The method also

includes applying a programming voltage to the control electrode during the step of applying

the first programming voltage and applying a programming voltage to the control electrode

during the step of applying the second programming voltage. In a further embodiment, the



applying the first programming voltage is characterized as being performed by ramping up to

the first programming voltage. In a further embodiment, the applying the second

programming voltage is further characterized as being performed by ramping from the first

programming voltage to the second programming voltage. In a further embodiment, the first

programming voltage is applied for a first time duration, and the second programming

voltage is applied for a second time duration. In a further embodiment, the second time

duration is longer than the first time duration. In a further embodiment, the NVM cell is

deselected between the applying the first programming voltage and the applying the second

programming voltage. In a further embodiment, the first programming voltage and the

second programming voltage are greater than a voltage applied to the control electrode during

the step of applying a first programming voltage to the first current electrode and the step of

applying a second programming voltage to the first current electrode. In a further

embodiment, the second current electrode is at a third voltage before the step of applying a

first programming voltage to the first current electrode, the second current electrode is at a

voltage different than the third voltage during the step applying a first programming voltage

to the first current electrode, and the second current electrode is at a voltage different than the

third voltage during the step applying a second programming voltage to the first current

electrode. In a further embodiment, the applying the second programming voltage

uninterruptibly follows from the applying the first programming voltage. In a further

embodiment, the method further includes applying a third programming voltage to the first

current electrode after the applying the first programming voltage, wherein the third

programming voltage is greater than the second programming voltage. In a further

embodiment, the applying the third programming voltage is further characterized as being

performed by ramping from the second programming voltage to the third programming

voltage. In a further embodiment, the applying the third programming voltage

uninterruptibly follows from the applying the second programming voltage, hi a further

embodiment, the first programming voltage is applied for a first time duration, the second

programming voltage is applied for a second time duration, and the third programming

voltage is applied for a third time duration, hi a further embodiment, the third time duration

is longer than the first time duration and the third time duration is longer than the second time

duration. In a further embodiment, the method further includes deselecting the NVM cell

between the applying the second programming voltage and the applying the third

programming voltage. In a further embodiment, the NVM cell has a storage layer selected



from the group consisting of a metal layer, a polysilicon layer, a layer of nanocrystals, and a

charge storing dielectric layer. In a further embodiment, the applying a first programming

voltage to the first current electrode and the applying a second programming voltage to the

first current electrode is further characterized as being performed by ramping through the first

programming voltage to the second programming voltage.

[0045] Another embodiment includes a method of programming a non-volatile memory

(NVM) cell that includes a biasing gate, a source, and a drain for reading the NVM cell. The

method includes applying a first voltage to the source for a first time duration, and after the

applying the first voltage and before performing a read of the NVM cell, applying a second

voltage to the source for a second time duration. The second voltage is greater than the first

voltage. The method includes after applying the second voltage and before performing a read

of the NVM cells, applying a third voltage to the source for a third time duration. The third

voltage is greater than the second voltage. In a further embodiment, the third time duration

is longer than the first time duration and the third time duration is longer than the second time

duration.

[0046] Another embodiment includes a method for programming an NVM cell including

a biasing gate, a source, and a drain for reading. The method includes an uninterruptible

portion that includes applying a first voltage to the source and applying a second voltage to

the source. The second voltage is greater than the first voltage. The uninterruptible portion

further includes applying a third voltage to the source. The third voltage is greater than the

second voltage. The method also includes applying a voltage to the biasing gate during the

applying the first voltage to the source, applying a voltage to the biasing gate during the

applying the second voltage to the source, and applying a voltage to the biasing gate during

the applying the third voltage to the source.

[0047] While particular embodiments of the present invention have been shown and

described, it will be recognized to those skilled in the art that, based upon the teachings

herein, further changes and modifications may be made without departing from this invention

and its broader aspects, and thus, the appended claims are to encompass within their scope all

such changes and modifications as are within the true spirit and scope of this invention.



CLAIMS

What is claimed is:

1. A method of programming a non-volatile memory (NVM) cell that includes a first

current electrode that functions as a source during a read operation, a second current

electrode that functions as a drain during a read operation, and a control electrode that

functions as a biasing gate, the method comprising:

applying a first programming voltage to the first current electrode;

applying a second programming voltage to the first current electrode after the

applying the first programming voltage, wherein the second programming

voltage is greater than the first programming voltage; and

applying a programming voltage to the control electrode during the step of applying

the first programming voltage and applying a programming voltage to the

control electrode during the step of applying the second programming voltage.

2. The method of claim 1, wherein the applying the first programming voltage is

characterized as being performed by ramping up to the first programming voltage.

3. The method of claim 2, wherein the applying the second programming voltage is

further characterized as being performed by ramping from the first programming voltage to

the second programming voltage.

4. The method of claim 1, wherein:

the first programming voltage is applied for a first time duration; and

the second programming voltage is applied for a second time duration.

5. The method of claim 4 wherein the second time duration is longer than the first time

duration.

6. The method of claim 1, wherein the NVM cell is deselected between the applying the

first programming voltage and the applying the second programming voltage.



7. The method of claim 1, wherein the first programming voltage and the second

programming voltage are greater than a voltage applied to the control electrode during the

step of applying a first programming voltage to the first current electrode and the step of

applying a second programming voltage to the first current electrode.

8. The method of claim 1 wherein:

the second current electrode is at a third voltage before the step of applying a first

programming voltage to the first current electrode;

the second current electrode is at a voltage different than the third voltage during the

step applying a first programming voltage to the first current electrode;

the second current electrode is at a voltage different than the third voltage during the

step applying a second programming voltage to the first current electrode.

9. The method of claim 1, wherein the applying the second programming voltage

uninterruptibly follows from the applying the first programming voltage.

10. The method of claim 1, further comprising applying a third programming voltage to

the first current electrode after the applying the first programming voltage, wherein the third

programming voltage is greater than the second programming voltage.

11. The method of claim 10, wherein the applying the third programming voltage is

further characterized as being performed by ramping from the second programming voltage

to the third programming voltage.

12. The method of claim 10, wherein the applying the third programming voltage

uninterruptibly follows from the applying the second programming voltage.

13. The method of claim 10, wherein:

the first programming voltage is applied for a first time duration;

the second programming voltage is applied for a second time duration;

the third programming voltage is applied for a third time duration.

14. The method of claim 13 wherein the third time duration is longer than the first time

duration and the third time duration is longer than the second time duration.



15. The method of claim 10, further comprising:

deselecting the NVM cell between the applying the second programming voltage and

the applying the third programming voltage.

16. The method of claim 1, wherein the NVM cell has a storage layer selected from the

group consisting of a metal layer, a polysilicon layer, a layer of nanocrystals, and a charge

storing dielectric layer.

17. The method of claim 1 wherein the applying a first programming voltage to the first

current electrode and the applying a second programming voltage to the first current

electrode is further characterized as being performed by ramping through the first

programming voltage to the second programming voltage.

18. A method of programming a non-volatile memory (NVM) cell that includes a biasing

gate, a source, and a drain for reading the NVM cell, the method comprising:

applying a first voltage to the source for a first time duration;

after the applying the first voltage and before performing a read of the NVM cell,

applying a second voltage to the source for a second time duration, wherein the

second voltage is greater than the first voltage; and

after applying the second voltage and before performing a read of the NVM cells,

applying a third voltage to the source for a third time duration, wherein the third

voltage is greater than the second voltage.

19. The method of claim 18 wherein the third time duration is longer than the first time

duration and the third time duration is longer than the second time duration.

20. A method for programming an NVM cell including a biasing gate, a source, and a

drain for reading, the method including an uninterruptible portion comprising:

applying a first voltage to the source;

applying a second voltage to the source, wherein the second voltage is greater than the

first voltage;

applying a third voltage to the source, wherein the third voltage is greater than the

second voltage; and



applying a voltage to the biasing gate during the applying the first voltage to the

source, applying a voltage to the biasing gate during the applying the second

voltage to the source, and applying a voltage to the biasing gate during the

applying the third voltage to the source.
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