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SOFT PROGRAM AND SOFT PROGRAM VERIFY 
OF THE CORE CELLS IN FLASH MEMORY 

ARRAY 

FIELD OF INVENTION 

[0001] The present invention relates generally to memory 
systems and in particular, to ?ash memory systems and 
methods Wherein a neW reference cell structure, and the 
application of unique reference voltages during soft program 
and soft program verify operations, eliminates previous 
problems of trimming a reference cell to a loW threshold 
voltage, and tightens the erased core cell threshold voltage 
distribution, Which also facilitates faster programming 
times. 

BACKGROUND OF THE INVENTION 

[0002] Flash memory is a type of electronic memory 
media Which can be reWritten and hold its data Without 
poWer. Flash memory devices generally have life spans from 
100K to 1 MEG Write cycles. Unlike dynamic random 
access memory (DRAM) and static random access memory 
(SRAM) memory chips, in Which a single byte can be 
erased, ?ash memory is typically erased and Written in ?xed 
multi-bit blocks or sectors. Evolving out of electrically 
erasable read only memory (EEPROM) chip technology, 
Which can be erased in place, ?ash memory is less expensive 
and more dense. This neW category of EEPROMs has 
emerged as an important non-volatile memory Which com 
bines the advantages of EPROM density With EEPROM 
electrical erasability. 

[0003] Conventional ?ash memories are constructed in a 
cell structure Wherein a single bit of information is stored in 
each cell, for example, as illustrated in prior art FIG. 1a, and 
designated at reference numeral 10. In such single bit 
memory architectures, each cell 10 typically includes a 
metal oxide semiconductor (MOS) transistor structure hav 
ing a source 12, a drain 14, and a channel 16 in a substrate 
or P-Well 18, as Well as a stacked gate structure 20 overlying 
the channel 16. The stacked gate 20 may further include a 
thin gate dielectric layer 22 (sometimes referred to as a 
tunnel oxide) formed on the surface of the P-Well. The 
stacked gate 20 also includes a polysilicon ?oating gate 24 
overlying the tunnel oxide 22 and an interpoly dielectric 
layer 26 overlying the ?oating gate. The interpoly dielectric 
layer 26 is often a multilayer insulator such as an oxide 
nitride-oxide (ONO) layer having tWo oxide layers sand 
Wiching a nitride layer. Lastly, a polysilicon control gate 28 
overlies the interpoly dielectric layer 26. 

[0004] The control gate 28 is connected to a Word line 
associated With a roW of such cells to form sectors of such 
cells in a typical NOR con?guration. In addition, the drain 
regions 14 of the cells are connected together by a conduc 
tive bit line. The channel 16 of the cell conducts current 
betWeen the source 12 and the drain 14 in accordance With 
an electric ?eld developed in the channel 16 by the stacked 
gate structure 20. In the NOR con?guration, each drain 
terminal 14 of the transistors Within a single column is 
connected to the same bit line. In addition, each ?ash cell 
associated With a given bit line has its stacked gate terminal 
28 coupled to a different Word line, While all the ?ash cells 
in the array have their source terminals 12 coupled to a 
common source terminal. In operation, individual ?ash cells 
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are addressed via the respective bit line and Word line using 
peripheral decoder and control circuitry (not shoWn) for 
programming (Writing), reading or erasing functions. 
[0005] Such a conventional single bit stacked gate ?ash 
memory cell 10 is programmed by applying a relatively high 
voltage to the control gate 28 and connecting the source 12 
to ground and the drain 14 to a predetermined potential 
above the source. A resulting high electric ?eld across the 
tunnel oxide 22 leads to a phenomena called “FoWler 
Nordheim” tunneling. During this process, electrons in the 
core cell channel region 16 tunnel through the gate or tunnel 
oxide 22 into the ?oating gate 24 and become trapped in the 
?oating gate since the ?oating gate is surrounded by the 
interpoly dielectric 26 and the tunnel oxide 22. As a result 
of the trapped electrons, the threshold voltage of the cell 10 
increases. This change in the threshold voltage (and thereby 
the channel conductance) of the cell created by the trapped 
electrons is What causes the cell to be programmed. 

[0006] In order to erase a conventional single bit stacked 
gate ?ash memory cell 10, a relatively high voltage is 
applied to the source 12, and the control gate 28 is held at 
a negative potential, While the drain 14 is alloWed to ?oat. 
Under these conditions, a strong electric ?eld is developed 
across the tunnel oxide 22 betWeen the ?oating gate 24 and 
the source 12. The electrons that are trapped in the ?oating 
gate 24 ?oW toWard and cluster at the portion of the ?oating 
gate overlying the source region 12 and are extracted from 
the ?oating gate and into the source region by Way of 
FoWler-Nordheim tunneling through the tunnel oxide 22. As 
the electrons are removed from the ?oating gate 24, the cell 
10 is erased. 

[0007] In conventional single bit ?ash memory devices, an 
erase veri?cation is performed to determine Whether each 
cell in a block or set of such cells has been properly erased. 
Current single bit erase veri?cation methodologies provide 
for veri?cation of bit or cell erasure, and application of 
supplemental erase pulses to individual cells Which fail the 
initial veri?cation. Thereafter, the erased status of the cell is 
again veri?ed, and the process continues until the cell or bit 
is successfully erased or the cell is marked as unusable. 

[0008] After erasure, some cells may have been over 
erased, producing an excessively loW threshold voltage and 
corresponding high drain current leakage Which may cause 
problems With later read, program verify, or even erase 
operations. The process of soft programming has typically 
been adopted as a means to correct the over erased cells. 

Usually this process involves applying one or more program 
pulses to the over erased cells. The soft program process 
raises (or corrects) the loW threshold voltages of the iden 
ti?ed cells, to effectively narroW the distribution of erased 
cell threshold voltages across a ?ash memory array. 

[0009] Recently, dual bit ?ash memory cells have been 
introduced, Which alloW the storage of tWo bits of informa 
tion in a single memory cell. FIG. 1b illustrates an exem 
plary prior art dual bit memory cell 50. The memory cell 50 
comprises a silicon dioxide layer 52, a P-type substrate 54 
has buried N+ source 56 and N+ drain 58 regions. The 
silicon dioxide 52 is sandWiched betWeen tWo layers of 
silicon nitride 60, and 62. Alternatively, the layer 52 may 
comprise buried polysilicon islands or any other form of 
charge trapping layer. 
[0010] Overlying the nitride layer 60 is a polysilicon gate 
64. This gate 64 is doped With an N-type impurity (e.g., 
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phosphorus). The memory cell 50 is capable of storing tWo 
data bits, a left bit represented by the dashed circle A and a 
right bit represented by the dashed circle B. The dual bit 
memory cell 50 is generally symmetrical, thus the drain 58 
and the source 56 are interchangeable. Thus, the left junction 
56 may serve as the source terminal and the right junction 58 
as the drain terminal With respect to the right bit B. Like 
Wise, the right junction 58 may serve as the source terminal 
and the left junction 56 as the drain terminal for the left bit 
A. 

[0011] After erasure of a dual bit cell, the conventional 
soft programming, and soft program veri?cation methods 
employed With single bit stacked gate architectures may be 
applied in certain circumstances to such dual bit devices, but 
are problematic at best because the end of the erase distri 
bution VT’s are not close to Zero, but are at 0.7 volts. 
Therefore, there is a need for neW and improved soft 
programming, and soft program veri?cation methods and 
systems, Which ensure proper control of the erased cell 
threshold voltage distribution of data bits in a dual bit 
memory architecture, and Which account for the structural 
characteristics thereof. 

SUMMARY OF THE INVENTION 

[0012] A system and methodology are provided Which 
overcome or minimiZe the problems and shortcomings of 
conventional memory cell soft program veri?cation schemes 
and systems. The invention includes methods and systems 
for verifying an erased cell threshold voltage of one or more 
dual bit cells in a memory device, such as a ?ash memory. 
The invention alloWs for ef?cient and thorough soft program 
veri?cation, Which minimiZes inadvertent, undesired data 
retention, over-erase and cell read leakage issues associated 
With the dual bit cell architecture. The invention provides 
signi?cant advantages When employed in association With 
dual bit memory cells Wherein only one bit thereof is 
actively used for data storage. HoWever, it Will be recog 
niZed that the invention ?nds utility in association With dual 
bit memory cell architectures generally, and that the inven 
tion is thus not limited to any particular dual bit cell usage 
implementation or con?guration. 

[0013] In accordance With one aspect of the invention, 
there is provided a method of verifying an erased cell 
threshold voltage of a dual bit memory cell. The erased cell 
threshold voltage veri?cation method comprises the steps of 
performing a determination of Whether a ?rst, or second bit 
in the dual bit memory cell is properly soft programmed. 

[0014] Veri?cation of proper soft programming in a dual 
bit memory cell con?guration according to the inventive 
method ensures that undesirable data retention or bit over 
erase problems (resulting in a loW threshold voltage, and 
consequent high leakage current) do not adversely affect the 
operation (e.g., proper erasure, read/Write functionality) of 
the core cell. In this manner, the invention provides signi? 
cant performance advantages over conventional methods 
typically utiliZed in soft programming of single bit (e.g., 
stacked gate) memory cell types. The method may further 
comprise repeating the method for another dual bit memory 
cell, Whereby a byte-Wise soft programming veri?cation 
may be accomplished, for eXample, in association With a 
chip erase or sector erase operation. 

[0015] A soft program veri?cation of a core cell threshold 
voltage may be performed through the application of a 
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voltage to the memory cell being veri?ed along With an 
application of a different voltage to a reference cell With a 
knoWn threshold voltage, then comparing the currents of the 
core cell under analysis and the reference cell, respectively. 
When this comparison indicates that one or more of the soft 
programming pulses have reduced the current in the cell 
being veri?ed to less than that of the reference cell, the core 
cell threshold voltage is above a target minimum erased cell 
threshold voltage. Moreover, according to one aspect of the 
invention, the process may be repeated for each cell in the 
array until each erased cell threshold voltage is above a 
target minimum. 

[0016] In addition, the method may also include an 
accounting of the number of soft program pulses Which are 
applied to any one core cell, or block of core cells, in the 
event the cell, or block of cells are not responding to soft 
program verify. In this case, Where a predetermined maXi 
mum soft program pulse count is eXceeded, the cell, or block 
of cells is identi?ed as having failed soft programming, and 
therefore avoid an endless soft program loop. For eXample, 
this method may include steps of initialiZing a pulse counter 
before each neW cell address is selected, performing the soft 
program veri?cation, determining Whether the pulse counter 
has eXceeded the preset maXimum pulse count, then, if the 
count has not been eXceeded, continuing to a step of 
incrementing the pulse counter as another soft program 
pulse is applied, or if the pulse count has been eXceeded, a 
further step may be to proceed With appropriate actions for 
a failed soft programming. 

[0017] According to another aspect of the invention, there 
is provided a method to custom tailor a subsequent soft 
programming pulse (e.g., pulse Width, pulse height) accord 
ing to the differential current in the comparator, to greatly 
speed up the overall soft programming process, or to mini 
miZe the effects of over soft programming. 

[0018] The method of the present invention may include 
several selected core cells, or blocks of cells for soft 
programming operations, as Well as selected core cells, or 
blocks of cells for soft program veri?cations. 

[0019] According to another aspect of the invention, there 
is provided a method for soft programming and soft program 
verifying a plurality of dual bit ?ash memory cells, Which 
includes the steps of soft programming the plurality of dual 
bit ?ash memory cells, verifying proper soft programming 
of a ?rst bit in at least one of the plurality of dual bit ?ash 
memory cells, verifying proper soft programming of a 
second bit in the at least one of the plurality of dual bit ?ash 
memory cells, and determining that the cell is properly soft 
programmed if the ?rst and second bits are properly soft 
programmed. 

[0020] To the accomplishment of the foregoing and related 
ends, the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
folloWing description and the anneXed draWings set forth in 
detail certain illustrative aspects and implementations of the 
invention. These are indicative, hoWever, of but a feW of the 
various Ways in Which the principles of the invention may be 
employed. Other objects, advantages and novel features of 
the invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1a is a fragmentary cross section vieW of an 
exemplary prior art, single bit ?ash memory cell; 

[0022] FIG. 1b is a fragmentary cross section vieW of an 
exemplary prior art dual bit memory cell in Which various 
aspects of the present invention may be implemented; 

[0023] FIG. 2 is a distribution plot illustrating an erased 
cell threshold voltage distribution of a number of core cells 
of an exemplary prior art ?ash memory array; 

[0024] FIG. 3 is a distribution plot illustrating an erased 
cell threshold voltage distribution and a programmed cell 
threshold voltage distribution of a number of core cells of an 
exemplary dual bit memory array, together With over-erased 
bits Which require soft programming according to the inven 
tion; 
[0025] FIG. 4 is a system level functional block diagram 
illustrating an exemplary soft program and soft program 
veri?cation system in Which various aspects of the invention 
may be carried out; 

[0026] FIG. 5a is a schematic diagram illustrating an 
exemplary core cell, core current, and gate voltage in the 
system of FIG. 4; 

[0027] FIG. 5b is a schematic diagram illustrating an 
exemplary reference cell, reference current, and gate voltage 
in the system of FIG. 4; 

[0028] FIG. 6 is a functional block diagram illustrating a 
soft program reference voltage and charge pump logic 
circuit of the system of FIG. 4; 

[0029] FIG. 7 is a schematic diagram illustrating an 
exemplary soft program multiplexer (hereinafter referred to 
as “mux”) logic circuit of the system of FIG. 4; 

[0030] FIG. 8 is a schematic diagram illustrating details of 
an exemplary soft program reference voltage logic circuit, 
and voltage divider circuit of the system of FIG. 6; and 

[0031] FIG. 9 is a How diagram illustrating an exemplary 
method for verifying memory cell soft programming accord 
ing to the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The folloWing is a detailed description of the 
present invention made in conjunction With the attached 
?gures, Wherein like reference numerals Will refer to like 
elements throughout. The invention provides a method and 
a system for soft programming, and verifying proper soft 
programming of one or more dual bit memory cells, and may 
be used in conjunction With a chip or sector soft program and 
soft program veri?cation operation in a ?ash memory 
device. For example, a sector soft programming verify 
operation may be performed in order to apply soft program 
ming pulses to each such cell in a ?ash memory device. 
Thereafter, the invention may be employed in order to verify 
Which cells in the device have been properly soft pro 
grammed. 
[0033] In addition, the invention selectively attempts to 
re-soft program cells (e.g., via selective application of soft 
program voltage pulses to one or both individual bits in a 
dual bit memory cell) Which have been over erased during 
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the erase part of the algorithm that is performed before the 
soft program verify operation. The invention also provides 
for selective re-veri?cation of proper soft programming of 
one or both bits in a dual bit cell. 

[0034] According to one aspect of the invention, proper 
soft program veri?cation may be accomplished through 
generating a soft program core cell veri?cation voltage and 
generating a reference cell veri?cation voltage having a 
value Which is different from the core cell veri?cation 
voltage. The method further includes applying the core cell 
veri?cation voltage to a gate portion of an over erased core 
cell to thereby generate a core cell current, and applying the 
reference cell voltage veri?cation voltage to a gate portion 
of a reference cell to thereby generate a reference cell 
current. Lastly, the method includes determining Whether a 
threshold voltage associated With the erased core cell is less 
than a predetermined threshold based on a comparison of the 
core cell current and the reference cell current. 

[0035] Although the invention is hereinafter illustrated 
and described in association With a dual bit memory cell 
architecture Wherein only one bit of each cell is used for data 
storage, it Will be appreciated that the invention is applicable 
to other type architectures and other dual bit architecture 
usage schemes. 

[0036] Referring again to the draWings, FIG. 2 illustrates 
a characteristic curve knoWn as the erased core cell thresh 
old voltage distribution. FIG. 2 illustrates hoW the core cell 
threshold voltages in a ?ash memory array can differ from 
one another folloWing an erase operation as shoWn by curve 
200 that represents the number of cells having particular 
values of threshold voltage VT. It has been found that the 
least erased cells Will have relatively high threshold voltages 
in the region of VTMAX, Whereas the most erased cells 
(sometimes referred to as “over-erased cells”) Will have loW 
threshold voltages in the region of VTMIN that can be Zero or 
negative. HoWever, the threshold voltage distribution curve 
segment 210 indicates that there is still a number of erased 
cells that have a relatively loW threshold voltage. After 
correcting the VT of the most over erased cells thru the soft 
program and soft program verify operations, the erased core 
cell threshold voltage distribution curve 200 Will narroW on 
the loW end of the curve (shoWn by curve segment 210) to 
approximately 0 Volts. 

[0037] Since the background leakage current of a cell 
varies as a function of threshold voltage, the loWer the 
threshold voltage of an erased cell, the higher the leakage 
current Will be. Because there may be as many as 512 cells 
connected to a bitline, the total background leakage current 
may disadvantageously exceed the cell read current thereby 
leading to a subsequent read error. It is therefore desirable to 
prevent cells from not only being over-erased, but to reduce 
the threshold voltage distribution to as loW a range as 
possible, With ideally all cells having the same high thresh 
old voltage after erase. 

[0038] Similarly, FIG. 3 illustrates characteristic cell 
threshold voltage distribution curves of an exemplary dual 
bit memory array illustrating a desired erased cell threshold 
voltage distribution 350, and a programmed cell threshold 
voltage distribution 360. As discussed earlier, after erasure, 
some cells may have been over erased, producing an exces 
sively loW threshold voltage (shaded region 370) and cor 
responding high drain current leakage Which may cause 
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problems With later read, program verify, or even erase 
operations. Conventional methods of chip, sector, or cell soft 
programming typically used in the single bit stacked gate 
cell, attempted to correct the over erased cells, by applying 
one or more program pulses to the over erased cells. Soft 
programming raises (or corrects) the loW threshold voltages 
on these cells, to effectively narroW the distribution of cell 
threshold voltages across a ?ash memory array. Soft pro 
gram veri?cation Was done by comparing the current pro 
duced in the selected core cell, and its’ associated erased cell 
threshold voltage, to that of a reference cell With an accept 
able threshold voltage. 

[0039] Comparing FIGS. 2 and 3, one sees that the prior 
art single bit cell Was typically soft program corrected to a 
VTMIN of about 0 volts, Whereas the dual bit erased cell, soft 
program corrected VTMIN increases to about 0.7 volt. In the 
stacked gate cell prior art, the reference cell Was manufac 
tured similar to the selected core cell(s) they Were compared 
to, and both the reference and core cells Were given the same 
gate voltages during the soft program verify. In the dual bit 
cell architecture, hoWever, the reference cell structure can 
not readily be made the same as the core cells, yet a soft 
program veri?cation must still be made to produce a desired 
erased core cell VT (e.g., VT>0.7 volts). The inventors have 
found in the trimming of the VT of the neW reference cell 
structure, that attempts to trim the VT to less than about 1.7 
volts results in unusably high cell leakage current. 

[0040] In accordance With the invention, and the solutions 
to these problems, the inventors devised methods and sys 
tems to generate different voltages to be applied to the gate 
of the neW reference cell structure and the core cell structure, 
respectively, to alloW the reference cell to produce a current 
Which compares to an erased core cell current associated 

With a VT>0.7 volts. 

[0041] The present invention may be understood and its 
advantages appreciated in FIG. 4 Which illustrates a system 
level functional block diagram of an exemplary soft program 
and soft program veri?cation system 400 in Which various 
aspects of the invention may be accomplished. For example, 
the system of FIG. 4 prevents erased memory cells from 
exhibiting an erased cell threshold voltage beloW a prede 
termined level, may be comprised of the three functional 
blocks shoWn. 

[0042] A ?ash memory array system 402 of FIG. 4, 
includes an array of core cells 405 Which are typically 
subdivided into sectors, blocks, and individual core cells. 
The cells are arranged in roWs and columns, With all of the 
cells in a roW having their control gate connected to a 
common Word line. The drains of the cells located in a 
particular column are all connected to a common bit line 
While all the cells of the array have their sources coupled to 
a common source line 490 to enable the measurement of 

drain current in the core cells (ICORE) at 490. The memory 
system 402, also has address controls 410 Which acts as a 
matrix of multiplexors Working in conjunction With bit - 
column controls 415 and Word- roW controls 420 used to 
select a sector, block, or individual cells of the core 405. The 
roW control block 420 is connected to the Word lines of the 
cells of the array and a column control block 415 is 
connected to the bit lines of the array. In operation, indi 
vidual ?ash cells may be individually addressed via the 
respective bit line and Word line using peripheral decoder 
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and control circuitry for programming (Writing), reading or 
erasing functions. These ?ash core cells 405 Will be the 
object of the soft program and soft program verify opera 
tions of the present invention, and discussed in greater detail 
in the folloWing sections. 

[0043] A soft program control circuit 430 of FIG. 4, is 
con?gured With a soft program multiplexer 435 charge 
pumps 440 and a soft program reference voltage circuit 445 
to generate a soft program voltage (V1) at 450, a soft 
program core cell verify voltage (V3) at 455, and a reference 
cell veri?cation voltage (V2) at 460. In response to a logic 
command to enter the soft program mode (or for example, 
as the result of a soft program verify comparison command 
487), the multiplexer circuit 430 generates a soft program 
enable signal 436 to control the reference logic circuit 445 
or for example, the next core address selection 437. The 
multiplexer circuit 435 also generates a regulated, clamped 
supply voltage 438 to the Wordline charge pump circuit of 
440. The charge pumps of 440 include a Drain charge pump 
Which generates a supply voltage for program verify opera 
tions, and a Wordline charge pump circuit con?gured to 
generate a boosted Wordline supply voltage for the voltage 
divider Within the soft program reference voltage circuit 
445. The soft program reference voltage circuit 445 takes the 
soft program enable signals 436 and 486, and charge pump 
voltages 442 and 444, used in a reference logic circuit 
multiplexer Within 445 to generate the discrete soft program 
and soft program verify voltages V1, V2, & V3 via, for 
example, a voltage divider. 

[0044] Asoft program verify control circuit 470 according 
to one exemplary aspect of the present invention of FIG. 4, 
is con?gured With a reference cell 480 Which uses V2, the 
reference cell veri?cation voltage 460 to generate the ref 
erence cell current (IREF) at 495. The control circuit 470 
further includes a soft program verify comparator circuit 475 
Which is con?gured to compare the over erased core cell 
veri?cation current (ICORE) at 490 to the reference cell 
current (IREF) at 495 to generate an output indication on 477 
of Whether the selected erased core cell threshold voltage is 
beloW a predetermined level. The soft program verify com 
parator circuit is further operable to transfer the VT indica 
tion to a verify controls circuit 485 Which is con?gured to 
output one or more soft program control signals 486 and 487 
for use in soft programming based on the indication. 

[0045] During operation, When comparator 475 of the soft 
program verify control circuit 470, has made the determi 
nation that the selected core cell VT is less than 0.7 volts, 
comparator 475 provides signal 477 to initiate a predeter 
mined soft program pulse from verify controls circuit 485 
via 487 back to the soft program control circuit 430. 

[0046] Alternately, according to another aspect of the 
present invention, there is provided a system and method to 
custom tailor a subsequent soft programming pulse (e.g., 
pulse Width, pulse height) according to the differential 
current in the comparator 475, to greatly speed up the overall 
soft programming process, or to minimiZe the effects of over 
soft programming. To accomplish this, the differential cur 
rent could be measured in a sense ampli?er (e.g., differential 
current ampli?er) at 475 Which Would be conveyed via 477 
to the verify controls 485 con?gured to convert the differ 
ential current produced at 475 into some combination of 
proportional pulse Width, or pulse height modulation of the 
soft program pulse. 
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[0047] In another variation of the present invention, there 
is provided a system and method to custom tailor a subse 
quent soft programming pulse (e.g., pulse Width, pulse 
height) through the use of a look-up table located in a 
portion of the core memory array 405, or in a separate 
memory, Wherein the differential current produced at 475 
may be bracketed into tWo or more levels Which Would result 
in the selection of an appropriate optimiZed pulse Width/ 
height modulation of the soft programming pulse. Yet 
another variation and aspect of the invention is provided by 
the method, Wherein the ?ash memory array as a Whole is 
selected, and the differential current produced at 475 may be 
used to generate some combination of proportional pulse 
Width, or pulse height modulation of the soft program pulse, 
or a Whole series of pulses as a pulse string Which is thereby 
tailored to the ?ash memory array as a Whole for subsequent 
soft program operations. 

[0048] The inventors found, as shoWn in FIGS. 5a, and 
5b, that if they supplied a predetermined drain-source bias of 
about 1.2 volts to both the core cell and reference cell drains, 
and approximately 2.7 volts to the core cell gate, and about 
3.7 volts to the reference cell gate, the currents Would be 
equivalent if the core cell VT Was equal to 0.7 volt. 

[0049] The development of this reference cell voltage is as 
folloWs: 

Using the equation: ID = k(VGS — VT)2 
for the erased core IDCORE = k(VGSCORE — VTCORE)2 

cell: 

for the reference IDREF = k(VGSREF - VTREF)2 
cell: 

given We Want: VTCORE E 0.7 V and VTREF 1.7 V 
noW, for the ref- IDREF = IDCORE 

erence cell and the 
core cell currents to 

compare equally: 
and: k(VGSREF - VTREF)2 = k(VGSCORE - 

VTCORE)2 
dividing thru: VGSREF — VTREF = VGSCORE — VTCORE 

solving for the VGSREF = VGSCORE — VTCORE + VTREF 
neW ref.: 

substituting given VGSREF = VGSCORE — 0.7 + 1.7 
values: 

plug in a core cell VGSREF = 2.7 — 0.7 + 1.7 

value: 
We have: VGSREF = 3.7 volts 

[0050] Therefore, if the currents through the core cell and 
reference cell are equal, then the core cell VT is 0.7 volt. 
OtherWise, if the core cell current exceeds the reference cell 
current, the core cell VT is less than 0.7 volts (a predeter 
mined threshold) and requires another soft programming 
pulse. 

[0051] Referring noW to the functional block diagram of 
FIG. 6, an exemplary method and system 600 is illustrated 
for generating the various voltages required in the soft 
program control circuit 430 of FIG. 4; for example, voltages 
for soft programming 610, soft programming verify 620, 
Wordline (core cell) gate 630, and the reference cell gate 
reference voltage 640. A Wordline charge pump circuit 650 
generates a boosted supply voltage 670, through a reference 
logic circuit 680, for the soft program verify supply 620, in 
response to a soft program mode enable signal 690. The 
drain charge pump circuit 660 generates a boosted program 
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ming voltage 610 to the reference logic circuit 680 in 
response to a program mode signal (not shoWn). As can be 
seen from FIG. 6, the soft program control system 600 is 
operable to generate multiple voltages (for example, via a 
resistor netWork) having different values (e.g., V1#V2#V3) 
for use in a soft program verify mode. In the above manner, 
unique voltages are provided for the core cell and reference 
cell, respectively. 

[0052] FIG. 7 is a schematic diagram illustrating an 
exemplary soft program mux logic circuit 700 (e.g., relating 
to the program mux 435 of FIG. 4). This multiplexer circuit 
700 uses a netWork of logic gates 702 to generate a soft 
program enable signal 710 to the reference logic circuit 680 
of FIG. 6 in response to the soft program mode signal fed 
thru 702. The multiplexer circuit 700 also uses the program 
supply voltage 705 controlled by a regulator transistor 720 
Which is held in state by a latch 715 to generate a supply 
voltage 740 Which is clamped by a diode 730 and fed to the 
Wordline charge pump circuit 650 of FIG. 6. 

[0053] FIG. 8 is a schematic diagram 800 illustrating 
more of the details of an exemplary soft program reference 
voltage logic circuit 805, and voltage divider circuit 850 
(e.g., relating to the circuit 600 of FIG. 6). The charge pump 
boosted Wordline voltage 810 is held by latch 825 to supply 
the soft program verify supply 820 (or 620 of FIG. 6), Which 
enters at regulator transistor 830, and at the gate of the soft 
program mode transistor 840, to set-up the voltage divider 
850 ratios to produce the 3.7 volt reference cell gate refer 
ence voltage 860, and the 2.7 volt erased core cell gate 
reference voltage 870. In the above exemplary manner, 
voltages having different values are provided so that the core 
cell and the reference cell Will have their necessary gate 
voltages applied thereto in order to evaluate Whether the 
erased core cell VT is above a predetermined value. 

[0054] According to another aspect of the present inven 
tion, a method of preventing erased memory cells from 
exhibiting an erased cell threshold voltage beloW a prede 
termined level is provided. 

[0055] FIG. 9 is a How diagram 900 illustrating an exem 
plary method for verifying memory cell soft programming 
according to the invention, and Will be discussed in con 
junction With the exemplary system of FIG. 4 for purposes 
of explanation. For example, once an erase or erase verify 
operation has been performed to erase the data bits of a 
sector of memory (e.g., by Writing a 1 value thereto), the 
method 900 begins at step 910, after Which the soft program, 
and soft program verify modes are enabled at step 920. 

[0056] The method 900 proceeds to step 925, Whereat a 
cell address is initialiZed to a ?rst address, and, for example, 
a pulse counter is initialiZed to Zero at step 930. FolloWing 
step 930 the ?rst cell address is selected at step 940. The ?rst 
memory cell is then soft program veri?ed at step 950. At 
decision step 950, a determination is made as to Whether a 
core cell has been properly erased, but not over erased. As 
illustrated and described in greater detail hereinafter With 
respect to FIG. 4, the soft program veri?cation operations 
performed at steps 950 and 965 of the method 900, may be 
carried out via the application of about a 2.7 volt reference 
voltage to the selected core cell gate, and the application of 
a different reference voltage to the reference cell gate (e.g., 
about 3.7 volts), and then comparing the tWo currents, and 
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making a determination based on that comparison Whether 
the associated erased core cell threshold voltage is greater 
than 0.7 volts. 

[0057] If, for example, at step 950 the selected core cell 
current is not less than the reference cell current, a deter 
mination is made that the core cell has a threshold voltage 
Which is less than 0.7 volt, and the method 900 proceeds to 
step 955, Whereat an accounting may be performed of the 
current number of soft program pulses Which have already 
been applied to the core cell in an attempt to correct the erase 
cell threshold voltage. If a predetermined number of pulses 
NP has been exceeded, a determination may be made at step 
955 to identify the core cell as having failed the soft program 
process and proceeds to step 970. In this manner, the core 
cell Will not be subjected to repeated soft program pulses 
Without being re-veri?ed; the program Will not hang in a 
never ending loop, should a selected cell be defective; and 
most importantly, the soft program pulse Widths can be made 
shorter, resulting in a faster overall soft programming time, 
as soft programming time only need be spent in the areas of 
greatest need. If, hoWever in step 955, a predetermined pulse 
count has not exceeded NP, the method 900 proceeds to step 
960, Whereat the current pulse count is incremented. 

[0058] After step 960, method 900 continues to step 965 
for the application of a soft program pulse to core cell, and 
a return to step 950 for another soft program veri?cation. 

[0059] Where it is found at decision step 950 that the cell 
has been properly soft programmed, the method 900 pro 
ceeds to step 980, Whereat it is determined Whether the last 
cell address has been reached (e.g., in a given cell memory 
block or sector, or in a given multiple cell memory block or 
sector). For example, the method may be selectively 
employed to verify erasure of a certain number of the cells 
(e.g., eight or sixteen), Which are connected in a NOR 
con?guration, although other implementations are possible 
Wherein any number of such cells may be serially veri?ed 
according to the invention. 

[0060] If the last cell address has not been reached at 
decision step 980, the method proceeds to step 985, Whereat 
a soft program pulse counter may be reset prior to proceed 
ing to step 990. At step 990 the current address is incre 
mented before proceeding to step 940 again, Whereat the 
next cell address is selected as before. OtherWise (e.g., all 
such cells have been veri?ed), the method 900 ends at step 
995. 

[0061] Thus, the method 900 selectively veri?es, re-veri 
?es, soft programs, and re-soft programs each cell of a dual 
bit memory cell in order to ensure proper soft programming 
prior to proceeding to another such cell at step 985, or 
ending at step 995. 

[0062] It Will be appreciated in this regard, that the method 
900 may include internal counters or other steps by Which a 
cell may be determined to be unuseable (e.g., unable to be 
properly soft program) after a number of unsuccessful 
attempts at soft programming/veri?cation, Whereby the cell 
(e.g., or a number of related cells, such as a byte or Word) 
may be marked as bad, or the part itself may hang as part of 
a failed sector erase operation. Further in this regard, if the 
method 900 is employed in a manufacturing process (e.g., 
before or after packaging, but before shipment to a cus 
tomer), redundancy may be employed to mark a cell or a 
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number of cells as bad, and to provide alternate or redundant 
storage cells as a replacement, Whereby acceptable manu 
facturing yield may be achieved. The method 900 may also 
be employed in association With a sector or chip soft 
program/veri?cation operation initiated by an end-user, 
Wherein a cell failure may be indicated to the user via the 
memory device hanging as a result. 

[0063] Although the invention has been shoWn and 
described With respect to one or more implementations, 
equivalent alterations and modi?cations Will occur to others 
skilled in the art upon the reading and understanding of this 
speci?cation and the annexed draWings. In particular regard 
to the various functions performed by the above described 
components (assemblies, devices, circuits, etc.), the terms 
(including a reference to a “means”) used to describe such 
components are intended to correspond, unless otherWise 
indicated, to any component Which performs the speci?ed 
function of the described component (i.e., that is function 
ally equivalent), even though not structurally equivalent to 
the disclosed structure Which performs the function in the 
herein illustrated exemplary implementations of the inven 
tion. In addition, While a particular feature of the invention 
may have been disclosed With respect to only one of several 
implementations, such feature may be combined With one or 
more other features of the other implementations as may be 
desired and advantageous for any given or particular appli 
cation. Furthermore, to the extent that the term “includes” is 
used in either the detailed description and the claims, such 
term is intended to be inclusive in a manner similar to the 
term “comprising.” 

What is claimed is: 
1. A method of preventing erased memory cells from 

exhibiting an erased cell threshold voltage beloW a prede 
termined level, comprising the steps of: 

generating a soft program verify core cell veri?cation 
voltage; 

generating a reference cell veri?cation voltage having a 
value Which is different from the soft program verify 
core cell veri?cation voltage; 

applying the soft program verify core cell veri?cation 
voltage to a gate portion of an erased core cell; thereby 
generating a core cell current conducting therethrough; 

applying the reference cell voltage veri?cation voltage to 
a gate portion of a reference cell, thereby generating a 
reference cell current conducting therethrough; and 

determining Whether a threshold voltage associated With 
the erased core cell is less than a predetermined thresh 
old based on a comparison of the core cell current and 
the reference cell current. 

2. The method of claim 1, further comprising the step of 
performing a soft program on the erased core cell if the 
determination indicates that the erased core cell has a 
threshold voltage less than the predetermined threshold. 

3. A system for preventing erased memory cells from 
exhibiting an erased cell threshold voltage beloW a prede 
termined level, comprising: 

a soft program control circuit con?gured to generate a soft 
program voltage, a soft program core cell veri?cation 
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voltage, and a reference cell veri?cation voltage having 
a value Which is different from the soft program core 
cell veri?cation voltage; 

a ?ash memory array of core cells operably coupled to 
core address control circuitry, bit/column control cir 
cuitry and Word/roW control circuitry, Wherein the ?ash 
memory array is operable to generate a core cell 
veri?cation current for a selected erased core cell; and 

a soft program verify control circuit con?gured to gener 
ate a reference current using the reference cell veri? 
cation voltage, and compare the core cell veri?cation 
current to the reference cell current. 

4. The system of claim 3, Wherein the soft program verify 
control circuit comprises: 

a soft program verify comparator circuit con?gured to 
generate an indication of Whether the selected erased 
core cell has an erased cell threshold voltage Which is 
beloW the predetermined level based on the compari 
son; and 

a verify control logic circuit operably coupled to the soft 
program verify comparator circuit and con?gured to 
output one or more soft program control signals for use 
in soft programming the selected cell based on the 
indication. 

5. The system of claim 4, Wherein the verify control logic 
circuit is further operable to generate a next core cell address 
control signal for use in subsequent erased core cell veri? 
cation When the comparator circuit indicates that the erased 
cell threshold voltage is above the predetermined level. 

6. The system of claim 3, Wherein the soft program 
control circuit comprises: 

a soft program multiplexer circuit con?gured to select 
betWeen a program mode signal, or a soft program 
mode signal; 

a group of tWo charge pumps, including a Wordline charge 
pump circuit con?gured to generate a boosted Wordline 
voltage signal, and a drain charge pump circuit con 
?gured to generate a boosted programming voltage 
signal; and 

a soft program reference voltage circuit, is operable to 
select betWeen a program mode signal, or a soft pro 
gram mode signal, and in response generate a plurality 
of soft program veri?cation voltages based on the 
selected voltage signal. 

7. The system of claim 6, Wherein the soft program 
multiplexer circuit comprises: 

a netWork of mode selection logic gates operable to 
generate a soft program enable signal to the reference 
logic circuit in response to the soft program mode 
signal; and 

a Wordline charge pump supply circuit operable to gen 
erate a supply voltage to the Wordline charge pump 
circuit in response to the soft program mode signal. 
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8. The system of claim 6, Wherein the group of charge 
pumps, comprises: 

a Wordline charge pump circuit operably coupled to the 
soft program multiplexer circuit and con?gured to 
generate a boosted Wordline voltage in response to the 
soft program mode signal; and 

a drain charge pump circuit con?gured to generate a 
boosted programming voltage to the reference logic 
circuit in response to a program mode signal. 

9. The system of claim 6, Wherein the soft program 
reference voltage circuit comprises: 

a reference logic circuit Which further selects from the 
charge pump voltages and their respective modes and 
routes the selected voltage to a veri?cation voltage 
divider circuit, and is operably coupled to the soft 
program multiplexer circuitry and con?gured to receive 
a soft program enable command. 

10. The system of claim 9, Wherein the soft program 
reference voltage circuit further comprises: 

a veri?cation voltage divider circuit con?gured to gener 
ate at least the folloWing veri?cation voltages: 

a 4.0 volt soft program veri?cation voltage used as a 
supply for the veri?cation voltage divider, and sent 
to the gate of the soft program veri?cation mode 
transistor to establish the correct voltage divider 
ratio; 

a 3.7 volt reference voltage sent to the gate of the 
reference cell used to establish a predetermined 
reference cell current; and 

a 2.7 volt Wordline voltage sent to the gate of the core 
cell Wordline used to establish a core cell current. 

11. The system of claim 10, Wherein the veri?cation 
voltage divider circuit comprises a netWork of resistors. 

12. The system of claim 10, Wherein the veri?cation 
voltage divider circuit comprises a netWork of active com 
ponents. 

13. The method of claim 2, Wherein soft programming 
comprises the step of applying a soft programming pulse to 
the erased core cell if the determination indicates that the 
erased core cell has a threshold voltage less than the pre 
determined threshold. 

14. The method of claim 13, Wherein the soft program 
ming pulse has a Width or magnitude Which is a function of 
the comparison, to speed up the overall soft programming 
process, or to minimiZe the effects of over soft program 
ming. 

15. The method of claim 13, Wherein the soft program 
ming pulse comprises a string of tWo or more pulses Which 
have duration or magnitude Which is a function of the 
comparison. 


