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(57) ABSTRACT 
Flash memory array systems and methods are disclosed for 
producing a regulated boosted Word line voltage for read 
operations. The system comprises a multi-stage voltage 
boost circuit operable to receive a supply voltage and one or 
more output signals from a supply voltage detection circuit 
to generate the boosted Word line voltage having a value 
greater than the supply voltage. The voltage boost circuit 
comprises a precharge circuit and a plurality of boost cells 
connected to a common node of the boosted Word line, and 
a timing control circuit. The stages of the plurality of boost 
cells are coupled in series for charge sharing betWeen the 
stages, and couple a predetermined number of boost cells to 
the boosted Word line common node to provide an interme 
diate voltage to the boosted Word line during the pre-boost 
timing, thereby anticipating a ?nal boosted Word line volt 
age provided during the boost timing. The voltage boost 
circuit is operable to receive the one or more output signals 
from the supply voltage detection circuit and alter a boost 
gain of the multi-stage voltage boost circuit based on the one 
or more output signals, thereby causing the boosted Word 
line voltage to be substantially independent of the supply 
voltage value. 
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FAST, ACCURATE AND LOW POWER SUPPLY 
VOLTAGE BOOSTER USING A/D CONVERTER 

FIELD OF INVENTION 

[0001] The present invention relates generally to memory 
systems and in particular, to ?ash memory array systems and 
methods for producing a voltage boost circuit, Wherein a 
voltage detection circuit may be used to measure the Vcc 
applied to a voltage boost circuit, along With boost com 
pensation circuitry to regulate the boost voltage output from 
Vcc variations. The boost voltage may be applied to a 
Wordline for read mode operations of memory cells. 

BACKGROUND OF THE INVENTION 

[0002] Flash and other types of electronic memory devices 
are constructed of thousands or millions of memory cells, 
adapted to individually store and provide access to data. A 
typical memory cell stores a single binary piece of infor 
mation referred to as a bit, Which has one of tWo possible 
states. The cells are commonly organiZed into multiple cell 
units such as bytes Which comprise eight cells, and Words 
Which may include sixteen or more such cells, usually 
con?gured in multiples of eight. Storage of data in such 
memory device architectures is performed by Writing to a 
particular set of memory cells, sometimes referred to as 
programming the cells. Retrieval of data from the cells is 
accomplished in a read operation. In addition to program 
ming and read operations, groups of cells in a memory 
device may be erased, Wherein each cell in the group is 
programmed to a knoWn state. 

[0003] The individual cells are organiZed into individually 
addressable units or groups such as bytes or Words, Which 
are accessed for read, program, or erase operations through 
address decoding circuitry, Whereby such operations may be 
performed on the cells Within a speci?c byte or Word. The 
individual memory cells are typically comprised of a semi 
conductor structure adapted for storing a bit of data. For 
instance, many conventional memory cells include a metal 
oxide semiconductor (MOS) device, such as a transistor in 
Which a binary piece of information may be retained. The 
memory device includes appropriate decoding and group 
selection circuitry to address such bytes or Words, as Well as 
circuitry to provide voltages to the cells being operated on 
in order to achieve the desired operation. 

[0004] The erase, program, and read operations are com 
monly performed by application of appropriate voltages to 
certain terminals of the cell MOS device. In an erase or 
program operation the voltages are applied so as to cause a 
charge to be stored in the memory cell. In a read operation, 
appropriate voltages are applied so as to cause a current to 
?oW in the cell, Wherein the amount of such current is 
indicative of the value of the data stored in the cell. The 
memory device includes appropriate circuitry to sense the 
resulting cell current in order to determine the data stored 
therein, Which is then provided to data bus terminals of the 
device for access to other devices in a system in Which the 
memory device is employed. 

[0005] Flash memory is a type of electronic memory 
media Which can be reWritten and hold its content Without 
poWer. Flash memory devices generally have life spans from 
100 K to 1 MEG Write cycles. Unlike dynamic random 
access memory (DRAM) and static random access memory 

Oct. 7, 2004 

(SRAM) memory chips, in Which a single byte can be 
erased, ?ash memory is typically erased in ?xed multi-bit 
blocks or sectors. Conventional ?ash memories are con 
structed in a cell structure Wherein a single bit of information 
is stored in each ?ash memory cell. In such single bit 
memory architectures, each cell typically includes a MOS 
transistor structure having a source, a drain, and a channel in 
a substrate or P-Well, as Well as a stacked gate structure 
overlying the channel. The stacked gate may further include 
a thin gate dielectric layer (sometimes referred to as a tunnel 
oxide) formed on the surface of the P-Well. The stacked gate 
also includes a polysilicon ?oating gate overlying the tunnel 
oxide and an interpoly dielectric layer overlying the ?oating 
gate. The interpoly dielectric layer is often a multilayer 
insulator such as an oxide-nitride-oxide (ONO) layer having 
tWo oxide layers sandWiching a nitride layer. Lastly, a 
polysilicon control gate overlies the interpoly dielectric 
layer. 
[0006] The control gate 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 of the cells are connected together by a conductive 
bit line. The channel of the cell conducts current betWeen the 
source and the drain in accordance With an electric ?eld 
developed in the channel by the stacked gate structure. In the 
NOR con?guration, each drain terminal 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 coupled to a different Word line, 
While all the ?ash cells in the array have their source 
terminals coupled to a common source terminal. In opera 
tion, individual ?ash cells are addressed via the respective 
bit line and Word line using peripheral decoder and control 
circuitry for programming (Writing); reading or erasing 
functions. 

[0007] Such a single bit stacked gate ?ash memory cell is 
programmed by applying a relatively high voltage to the 
control gate and connecting the source to ground and the 
drain to a predetermined potential above the source. A 
resulting high electric ?eld across the tunnel oxide leads to 
a phenomena called “FoWler-Nordheim” tunneling. During 
this process, electrons in the core cell channel region tunnel 
through the gate oxide into the ?oating gate and become 
trapped in the ?oating gate since the ?oating gate is sur 
rounded by the interpoly dielectric and the tunnel oxide. As 
a result of the trapped electrons, the threshold voltage of the 
cell 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. 

[0008] In order to erase a typical single bit stacked gate 
?ash memory cell, a relatively high voltage is applied to the 
source, and the control gate is held at a negative potential, 
While the drain is alloWed to ?oat. Under these conditions, 
a strong electric ?eld is developed across the tunnel oxide 
betWeen the ?oating gate and the source. The electrons that 
are trapped in the ?oating gate ?oW toWard and cluster at the 
portion of the ?oating gate overlying the source region and 
are extracted from the ?oating gate and into the source 
region by Way of FoWler-Nordheim tunneling through the 
tunnel oxide. As the electrons are removed from the ?oating 
gate, the cell is erased. 

[0009] For a read operation, a certain voltage bias is 
applied across the drain to source of the cell transistor. The 
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drain of the cell is the bit line, Which may be connected to 
the drains of other cells in a byte or Word group. The voltage 
at the drain in conventional stacked gate memory cells is 
typically provided at betWeen 0.5 and 1.0 volts in a read 
operation. A voltage is then applied to the gate (e.g., the 
Word line) of the memory cell transistor in order to cause a 
current to ?oW from the drain to source. The read operation 
gate voltage is typically applied at a level betWeen a pro 
grammed threshold voltage (VT) and an unprogrammed 
threshold voltage. The resulting current is measured, by 
Which a determination is made as to the data value stored in 
the cell. 

[0010] More recently, dual bit ?ash memory cells have 
been introduced, Which alloW the storage of tWo bits of 
information in a single memory cell. The bit line voltage 
required to read dual bit memory cells is typically higher 
than that of single bit, stacked gate architecture memory 
cells, due to the physical construction of the dual bit cell. For 
eXample, some dual bit memory cell architectures require 
betWeen 1.5 and 2.0 volts to properly bias the bit line or 
drain of such cells in a read operation. Because the voltage 
applied to the bit line or drain of the memory cell is derived 
from the memory device supply voltage (Vcc), the ability to 
provide the higher bit line voltage required to read the neWer 
dual bit memory cells may be impaired When the supply 
voltage is at or near loWer rated levels. In addition, loW 
poWer applications for memory devices, such as cellular 
telephones, laptop computers, and the like, may further 
reduce the supply voltage available. 

[0011] In a prior art ?ash memory device, boosted voltage 
circuits apply a boosted Word line voltage for the read mode 
operations of memory cells. Vcc variations are typically 
re?ected in the output of the boost voltage circuit that is 
supplied to the Word line of the ?ash memory array, during 
a read operation. Such variations in Word line voltages from 
the boost circuit degrades the ability in the read mode 
circuitry to discriminate accurately Whether or not a cell is 
programmed. In addition, as device densities and memory 
speed requirements continue to increase, the speed require 
ment of the voltage booster circuit may need to increase to 
keep pace With the remainder of the memory circuit. Further, 
as supply voltage levels decrease With the higher density 
architectures, a single stage voltage booster circuit may be 
inadequate to supply the required boost voltage. Accord 
ingly, there is a need for a means of compensation for the 
variations in the Vcc supply applied to a multi-stage boosted 
voltage circuit, and for fast boost voltage regulation. 

SUMMARY OF THE INVENTION 

[0012] The folloWing presents a simpli?ed summary of the 
invention in order to provide a basic understanding of some 
aspects of the invention. This summary is not an eXtensive 
overvieW of the invention. It is intended neither to identify 
key or critical elements of the invention nor to delineate the 
scope of the invention. Its sole purpose is to present some 
concepts of the invention in a simpli?ed form as a prelude 
to the more detailed description that is presented later. 

[0013] In the present invention of ?ash memory array 
systems and methods for producing a multi-stage voltage 
boost circuit, one or more output signals from a voltage 
detection circuit used to measure the value of Vcc is applied 
to a voltage boost circuit that is used to generate a boosted 
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Word line voltage for the read mode operations of memory 
cells. Vcc variations are typically re?ected in the output of 
the boost voltage circuit that is supplied to the Word line of 
the ?ash memory array. By compensating for the variations 
in the Vcc supply applied to the voltage boost circuit, the 
boost voltage is regulated, thereby enabling a more consis 
tent read voltage on the Word line. 

[0014] According to one aspect of the present invention, a 
voltage value associated With the Vcc supply voltage is 
ascertained, for example, using an A/D converter. The 
determined voltage value is then used to compensate or 
otherWise adjust a single or a multi-stage voltage boost 
circuit. For eXample, a digital Word representing the Vcc 
voltage value is used to vary effective boost capacitance and 
load capacitance values Within the voltage boost circuit, 
thereby resulting in an output boost voltage that is substan 
tially independent of variations in Vcc. Consequently, the 
present invention provides a generally constant boost volt 
age, for eXample, a boosted Word line voltage, Which facili 
tates an accurate reading of ?ash memory cells despite 
?uctuations in the Vcc. 

[0015] In another aspect of the present invention, the ?nal 
regulated output voltage of the voltage boost circuit (voltage 
booster) is anticipated by selecting a set of predetermined 
boost cells to provide a boosted voltage level during a 
pre-boost timing preceding the boost timing. The pre-boost 
timing occurs before the A/D converter has completed 
determining and latching an output of the digital Word 
representing the Vcc voltage that is then folloWed by the 
actual boost operation during the boost timing. 

[0016] In still another aspect of the present invention, the 
voltage booster circuit comprises a plurality of boost cells 
having one or more boost stage capacitors in each boost cell, 
a precharge circuit, and a timing control circuit comprising 
a precharge gate booster and a boost timer. 

[0017] 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 embodiments of the invention. 
These embodiments 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 con 
sidered in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a plan vieW schematically illustrating an 
eXemplary layout of a memory device; 

[0019] FIG. 2 is a schematic diagram illustrating an 
eXemplary core portion of a memory circuit; 

[0020] FIG. 3 is a partial cross-sectional vieW of a con 
ventional stacked gate memory cell; 

[0021] FIG. 4 is a distribution plot illustrating a pro 
grammed cell threshold voltage distribution and an unpro 
grammed cell threshold voltage distribution of a number of 
core cells of an exemplary prior art ?ash memory array, and 
a typical read margin betWeen the distribution plots; 
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[0022] FIG. 5 is a simpli?ed schematic illustration of an 
exemplary prior art voltage booster circuit for reading a 
memory cell; 

[0023] FIG. 6 is a system level functional block diagram 
illustrating an exemplary regulated voltage booster system 
in Which various aspects of the invention may be carried out; 

[0024] FIG. 7A is a simpli?ed schematic illustration of an 
exemplary equivalent circuit of a single stage voltage 
booster circuit similar to that of FIG. 6 in accordance With 
another aspect of the invention; 

[0025] FIG. 7B is a simpli?ed schematic illustration of an 
exemplary equivalent circuit of the single stage voltage 
booster circuit of FIG. 7A in accordance With another aspect 
of the invention; 

[0026] FIG. 8 is a simpli?ed schematic illustration of an 
exemplary equivalent circuit of a tWo-stage voltage booster 
circuit similar to that of FIG. 6 in accordance With another 
aspect of the invention; 

[0027] FIG. 9 is a system level functional block diagram 
illustrating an exemplary multi-bit tWo stage regulated volt 
age booster using a digital multi-bit input in Which various 
aspects of the invention may be carried out; 

[0028] FIG. 10 is another system level functional block 
diagram illustrating an exemplary four bit tWo stage regu 
lated voltage booster using a digital four bit input, including 
a precharge gate booster and a boost timer, in Which various 
aspects of the invention may be carried out; 

[0029] FIG. 11 is a simpli?ed timing diagram illustrating 
exemplary read mode timings and output of the voltage 
booster of FIG. 10; 

[0030] FIG. 12 is a schematic illustration of a tWo-stage 
voltage boost cell for the least signi?cant bits of an exem 
plary regulated voltage booster using digital supply voltage 
compensation in accordance With an aspect of the invention; 

[0031] FIG. 13 is a schematic illustration of a tWo-stage 
voltage boost cell for the most signi?cant bits of an exem 
plary regulated voltage booster using digital supply voltage 
compensation in accordance With an aspect of the invention; 

[0032] FIG. 14 is a schematic illustration of a tWo-stage 
default voltage boost cell of an exemplary regulated voltage 
booster using digital supply voltage compensation in accor 
dance With an aspect of the invention; 

[0033] FIG. 15 is a schematic illustration of a precharge 
gate booster of an exemplary regulated voltage booster in 
accordance With an aspect of the invention; 

[0034] FIG. 16 is a schematic illustration of a multi-stage 
voltage boost cell of an exemplary regulated voltage booster 
using digital supply voltage compensation in accordance 
With an aspect of the invention; and 

[0035] FIG. 17 is a How diagram illustrating an exemplary 
method for a regulated booster operation in association With 
an aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] The present invention Will noW be described With 
reference to the draWings, Wherein like reference numerals 
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are used to refer to like elements throughout. The present 
invention relates to a ?ash memory array circuit for produc 
ing a boosted voltage Which is substantially independent of 
Vcc ?uctuations, and Which may be used as a boosted Word 
line voltage for the read mode operations of memory cells. 
The invention comprises a multi-stage voltage boost circuit 
that provides a boosted voltage Which is greater than the 
supply voltage, and ?nds particular usefulness in loW supply 
voltage applications. The Vcc poWer supply is applied to the 
voltage boost circuit to supply poWer for the boost operation. 
Vcc variations that Were conventionally re?ected in the 
output of the boost voltage circuit are identi?ed and com 
pensation for such variations are generated to thereby gen 
erate Word line voltages during a read mode Which are 
substantially independent of variations in Vcc. 

[0037] According to an exemplary aspect of the present 
invention, the system receives one or more output signals 
from a voltage detection circuit (e.g., analog to digital 
converter, digital thermometer) used to measure the Vcc that 
is applied to a voltage boost circuit. The voltage boost circuit 
comprises a plurality of boost cells having one or more boost 
stages per boost cell. The voltage boost circuit may, for 
example, be used to generate a boosted Word line voltage for 
the read mode operations of memory cells. The detected Vcc 
value is then employed in the boost cells providing com 
pensation to vary a manner in Which the boost circuit output 
voltage is generated. By compensating for these variations 
in the Vcc supply that is applied to the voltage boost circuit, 
the boost voltage can be regulated, enabling a more stable 
Word line read voltage. This alloWs proper read operations 
With respect to the memory cell of interest in the ?ash 
memory, even Where the supply voltage varies. 

[0038] Another feature of the present invention relates to 
the reduction or elimination of the sloW response time 
typical of voltage regulation circuits. Feedback, or other 
types of regulation response delays are of major concern in 
memory devices Where Word line rise times under about 20 
ns are desired. The inventors of the present invention have 
devised a method of compensation that has an advantage of 
eliminating the cycle of: Waiting for the regulation circuit 
elements to respond to their oWn outputs, feeding these 
outputs back to their input circuit elements, Waiting for 
another output, then attempting to correct for subsequent 
outputs and inputs in an iterative fashion. Additionally, the 
present invention, through the use of multiple stages of 
voltage boost, permits the use of loW supply voltages, for 
example, memory operations at a supply voltage of about 
1.6 v. 

[0039] To minimiZe response delays in the exemplary 
compensation circuit and methodology of the present inven 
tion, the voltage boost circuit (voltage booster) anticipates 
the ?nal regulated output voltage of the voltage boost circuit. 
Predetermined most signi?cant bit (MSB) boost cells are 
forced to an “ON state” to begin “pre-boosting” until the 
digital Word from the A/D converter becomes available 
during the actual boost timing. Thus, in this method, an 
“intermediate voltage” Which is roughly betWeen (e.g., mid 
Way) the highest and the loWest boost voltage that could be 
selected by the digital Word is forced to the boost voltage 
output until the ?nal selection can be made by the A/D 
converter. Subsequently or concurrently, the A/D converter 
determines the digital Word representing the Vcc voltage 
and latches the Word to the A/D output connected to the 
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boost circuit input. The digital Word and latch enable signal 
LATCH_EN at the boost circuit input selects and enables the 
boost cells to effectively trim the boost voltage up or doWn 
to the ?nal boost voltage. Thus, substantially less or virtually 
no feedback time is required in this method. 

[0040] In accordance With another aspect of the present 
invention, all the boost cells may be temporarily forced to 
the ON state during the pre-boost timing if, for example, the 
Word line has a high load capacitance or must be assured of 
reaching a higher boost voltage more quickly. As the load 
capacitance requires a ?nite time to charge to the required 
voltage, forcing the boost cells during a brief pre-boost 
interval further mitigates a charge delay. 

[0041] In contrast to a prior art voltage boost circuit, the 
exemplary fast compensation methodology further mini 
miZes response delays and circuit complexity by eliminating 
the need of high voltage output stage sWitches that may be 
used to isolate the boost cells from one another. Instead, the 
outputs of all the boost cells are tied directly together, thus 
the “OFF state” boost cells (via selection of the A/D) along 
With the Word line path, Will act as a load to the “ON state” 
boost cells. 

[0042] When the Vcc sample is taken or otherWise deter 
mined and a certain number of A/D comparison outputs are 
turned ON, a corresponding number of boost cells are added 
to the boost circuit or to the load circuit in relation to the 
value of the Vcc. The amount of compensation provided to 
the boost circuit output VBOOST is therefore regulated to the 
Vcc in an iterative fashion based on the number of voltage 
detection and compensation elements desired. The resolu 
tion of the compensation desired may be adjusted to ?t the 
speci?c requirements of the boosted voltage usage, for 
example, by increasing the A/D converter from an 8 bit to a 
16 bit A/D converter. 

[0043] In another aspect of the invention, the bits of the 
digital Word, may also be Weighted (e.g., evenly, binarly, 
exponentially), or Weighted in any other suitable fashion 
across the range of voltage detection, along With a Weighting 
of their respective boost cell stage capacitors used for boost 
compensation as may be desired. 

[0044] Referring initially to prior art FIGS. 1 and 2, 
semiconductor memory devices typically include multiple 
individual components formed on or Within a substrate. 
Such devices often comprise a high density section and a 
loW density section. For example, as illustrated in prior art 
FIG. 1, a memory device such as a ?ash memory 10 
comprises one or more high density core regions 12 and a 
loW density peripheral portion 14 on a single substrate 16. 
The high density core regions 12 typically include at least 
one M><N array of individually addressable, substantially 
identical memory cells and the loW density peripheral por 
tion 14 typically includes input/output (I/O) circuitry and 
circuitry for selectively addressing the individual cells (such 
as decoders for connecting the source, gate and drain of 
selected cells to predetermined voltages or impedances to 
enable designated operations of the cell such as program 
ming, reading or erasing). 

[0045] The memory cells Within the core portion 12 are 
coupled together in a circuit con?guration, such as a NOR 
con?guration illustrated in FIG. 2. Each memory cell 20 in 
such an exemplary con?guration has a drain 22, Wherein the 
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drains of more than one cell are connected to a common bit 

line, a source 24, and a stacked gate 26. Each stacked gate 
26 is coupled to a Word line (WLO, WLl, . . . , WLN) While 
each drain 22 is coupled to a bit line (BLO, BLl, . . . , BLN). 
Lastly, each source 24 is coupled to a common source line 
CS. Using peripheral decoder and control circuitry (not 
shoWn), each memory cell 20 may be addressed for pro 
gramming, or reading functions, in a fashion knoWn in the 
art. 

[0046] FIG. 3 provides a cross-sectional illustration of a 
typical memory cell 20 in the core region 12 of FIGS. 1 and 
2. Such a memory cell 20 typically includes the source 24, 
the drain 22 and a channel 28 in a substrate 30; and the 
stacked gate structure 26 overlying the channel 28. The 
stacked gate 26 includes a thin gate dielectric layer 32 
(commonly referred to as the tunnel oxide) formed on the 
surface of the substrate 30. The tunnel oxide layer 32 coats 
a portion of the top surface of the silicon substrate 30 and 
serves to support an array of different layers directly over the 
channel 28. The stacked gate 26 includes a ?rst ?lm layer 38, 
such as a doped polycrystalline silicon (polysilicon or poly 
I) layer that serves as a ?oating gate 38 that overlies the 
tunnel oxide 32. Note that the various portions of the 
transistor 20 highlighted above are not draWn to scale in 
FIG. 3, but rather are illustrated as such for ease of illus 
tration and to facilitate an understanding of the device 
operation. 

[0047] Above the poly I layer 38 is an interpoly dielectric 
layer 40. The interpoly dielectric layer 40 is often a multi 
layer insulator such as an oxide-nitride-oxide (ONO) layer 
having tWo oxide layers sandWiching a nitride layer, or in the 
an alternative can be another dielectric layer such as tanta 
lum pentoxide. Finally, the stacked gate 26 includes an upper 
or second polysilicon layer (poly II) 44 Which serves as a 
polysilicon control gate overlying the ONO layer 40. The 
control gates 44 of the respective cells 20 that are formed in 
a given roW share a common Word line (WL) associated With 
the roW of cells (see, e.g., FIG. 2). In addition, as high 
lighted above, the drain regions 22 of the respective cells in 
a vertical column are connected together by a conductive bit 
line (BL). The channel 28 of the cell 20 conducts current 
betWeen the source 24 and the drain 22 in accordance With 
an electric ?eld developed in the channel 28 by the stacked 
gate structure 26. 

[0048] The memory cell 20 is programmed by applying a 
relatively high gate voltage VG to the control gate 38 and a 
moderately high drain voltage VD to the drain 22 in order to 
produce “hot” (high energy) electrons in the channel 28 near 
the drain 22. The hot electrons accelerate across the tunnel 
oxide 32 and into the ?oating gate 34, Which become trapped 
in the ?oating gate 38 because the ?oating gate 38 is 
surrounded by insulators (the interpoly dielectric 40 and the 
tunnel oxide 32). As a result of the trapped electrons, a 
threshold voltage (VT) of the memory cell 20 increases. This 
change in the threshold voltage (and thereby the channel 
conductance) of the memory cell 20 created by the trapped 
electrons is What causes the memory cell 20 to be pro 
grammed. 

[0049] To read the memory cell 20, a predetermined gate 
voltage greater than the threshold voltage of an unpro 
grammed memory cell, but less than the threshold voltage of 
a programmed memory cell, is applied to the control gate 44. 
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If the memory cell 20 conducts (e.g., a sensed current in the 
cell exceeds a minimum value), then the memory cell 20 has 
not been programmed (the memory cell 20 is therefore at a 
?rst logic state, e.g., a one “1”). Conversely, if the memory 
cell 20 does not conduct (e.g., the current through the cell 
does not exceed a threshold value), then the memory cell 20 
has been programmed (the memory cell 20 is therefore at a 
second logic state, e.g., a Zero “0”). Thus, each memory cell 
20 may be read in order to determine Whether it has been 
programmed (and therefore identify the logic state of the 
data in the memory cell 20). 

[0050] In order to erase the memory cell 20, a relatively 
high source voltage VS is applied to the source 24 and the 
control gate 44 is held at a negative potential (VG<0 volts), 
While the drain 22 is alloWed to ?oat. Under these condi 
tions, a strong electric ?eld is developed across the tunnel 
oxide 32 betWeen the ?oating gate 38 and the source region 
24. The electrons that are trapped in the ?oating gate 38 ?oW 
toWard and cluster at the portion of the ?oating gate 38 
overlying the source region 24 and are extracted from the 
?oating gate 38 and into the source region 22 by Way of 
tunneling through the tunnel oxide 32. Consequently, as the 
electrons are removed from the ?oating gate 38, the memory 
cell 20 is erased. 

[0051] It is thus seen that appropriate voltages must be 
applied to the various terminals (e.g., source, drain, and 
gate) of the cells 20 in the memory device 10 in order to 
perform various operations (e. g., program, erase, read) asso 
ciated With the device 10. HoWever, as stated above, the 
applied voltages have heretofore been derived from the 
supply voltage to Which the device 10 is connected. Where 
such a supply voltage is not high enough to supply the 
voltages required to perform such operations, hoWever, the 
device 10 may be rendered inoperative or inapplicable in 
certain systems. This condition may result in loW poWer 
applications of the memory device 10, for instance, in 
portable device applications Wherein the supply voltage may 
be loW. Alternatively, the memory cells in a memory device 
may comprise dual bit architectures requiring higher bit line 
voltages at the drain of the individual cells in order to 
properly perform read operations. Thus, a voltage boosting 
circuit is needed to boost the bit line voltage in conditions 
Where the supply voltage is insufficient to alloW proper read 
operations. Also, as the Vcc supply voltage changes over 
time, With temperature, or With the application of various 
loads, the boost voltage Will re?ect the Vcc changes. The 
present invention overcomes or minimiZes these problems 
by providing a voltage boost, and compensation for the 
re?ected Vcc variations in the voltage boost circuit, 
enabling a Word line boost voltage Which is substantially 
independent of Vcc variations, thus providing more reliabil 
ity in read operations. 

[0052] FIG. 4 illustrates the need for a Widely separated 
distribution 200 of unprogrammed 250 and programmed 
260 memory cell threshold voltages. In the read mode 
operation, a read mode Word line voltage 230 is selected 
someWhere midWay Within the read margin 240. This Word 
line voltage 230 is then applied to the speci?ed Word line to 
see Whether or not the ?ash cell of interest is conducting and 
thus provide a determination as to Whether the cell threshold 
is above the Word line voltage and therefore the cell is 
programmed, or beloW the Word line voltage and therefore 
the cell is unprogrammed. 
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[0053] If the boosted Word line voltage that is applied to 
a cell for this analysis is subject to variations With the Vcc 
supply, then the determination as to Whether or not the cell 
is programmed Will also be subject to uncertainty, because 
the Word line voltage may exit the read margin 240 of FIG. 
4. In a read mode operation that uses a reference cell, 
although the absolute value of the boost voltage can be 
outside the read margin WindoW 240, the variation of the 
Wordline voltage can still cause a read margin reduction due 
to gm-degradation of the core cells after cycling. Adding 
additional uncertainty to the cell read mode determination, 
the reference voltages applied to the boosted voltage boost 
circuit voltage Will also, as discussed above, re?ect some 
function of the Vcc supply variations. 

[0054] FIG. 5 illustrates a prior art voltage booster circuit 
300 for feeding the Word line in a memory cell read 
operation. During an address transition pulse (ATD) time 
period (not shoWn), a BOOST signal 312 goes loW, and a 
BOOSTHV signal Which is generated With a high voltage 
inverter 327, goes high. AVBOOST potential 325 on the high 
voltage inverter 327 causes saturated conduction of an 
n-mos transistor 330, for example, Whereby the Vcc con 
ducts substantially through transistor 330 to precharge the 
boost capacitor CB at 320 and load capacitor CL at 335 to 
VCC While the BOOST terminal 315 is held at ground. At the 
end of the ATD time period, the BOOST signal 312 com 
mands the transistor 330 to turn-off by going high, and the 
BOOST terminal 315 is sWitched from ground to Vcc. 
Therefore, the charge voltage on the boost capacitor is noW 
added to the Vcc voltage to force a charge sharing betWeen 
CB and CL such that a neW voltage is generated at the 
VBOOST terminal 310 Which is greater than Vcc but less than 
tWice Vcc. The actual VBOOST terminal 310 voltage can be 
calculated as folloWs: 

therefore; QB=CBVCC and QL=VCC 

after VBOOST has settled, the total charge Will be: 

QT0TAL(?na1)=QT0TAL(initia1) 

solving for VBOOST: VBOOST=((2CB+CL)/(CB+CL))VCC 
as a simple example, Where CB=CLC, We have: 

VB00ST=(3C/2C) Vcc 

[0055] Intuitively, then, We prove that VBOOST Would 
result in a voltage mid-Way betWeen Vcc and ZVCC for the 
prior art voltage booster. Note, hoWever, that VBOOST is a 
function of Vcc as Well as the values of CB and CL. 
Therefore, as Vcc varies, the boost voltage output VBOOST 
Will also vary. As discussed above, such variations in VBOOST 
are undesirable since they can lead to read errors. 

[0056] In accordance With several aspects of the invention, 
FIG. 6 illustrates a system level functional block diagram of 
an exemplary regulated voltage booster system 340, for 
example, for feeding the Word line in a memory cell read 
operation. An A/D converter 342 measures the supply volt 
age VDD 343, determines and outputs a digital code com 
prising “n bits” Which forms a digital Word 345 associated 
With the level of the supply voltage VDD 343. The digital 
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Word 345 is latched to the output of the A/D converter 342 
With the arrival of an A/D latch signal AD_LT 346, Which 
further latches digital Word 345 to the inputs of a voltage 
boost circuit 347 signaling that the A/D digital Word 345 is 
available. 

[0057] Voltage boost circuit 347 then provides a boosted 
voltage at a VBOOST output terminal 348 that is compensated 
according to the detected VDD 343 and the bits of the digital 
Word 345. Each bit of the digital Word 345 may be used to 
control a separate boost cell Within the boost circuit 347 to 
provide compensation to the boost circuit output VBOOST 
348. Therefore, the output VBOOST 348 is regulated to the 
VDD 343 in an iterative fashion based on the number of 
voltage detection and compensation elements (e.g., boost 
capacitors, boost cells, boost cell stages) desired. The reso 
lution of the compensation desired may be adjusted to ?t the 
speci?c requirements of the boosted voltage usage, for 
example, by increasing from a 4 bit to an 8 bitA/D converter. 

[0058] FIG. 7A illustrates a simpli?ed schematic diagram 
of an exemplary equivalent circuit for a single stage voltage 
boost circuit 400 similar to that of the regulated voltage 
booster 340 of FIG. 6, and functioning similar to that 
generally described in association With FIG. 6. The voltage 
boost circuit 400 comprises a precharge circuit, a plurality of 
boost cells, and a timing control circuit (not shoWn). The 
VBOOST compensated output 402 is a function of ?xed boost 
circuit components comprised of a ?xed boost cell 405 
having a ?xed boost capacitor CB 406, and a load capacitor 
CL 407 (e.g., representative of the Word line load capaci 
tance), and is supplemented With a plurality of boost cells 
409 having boost capacitors CO _ _ _ n_1 410 Which provide 
voltage boost compensation. The plurality of boost cells 409 
take their inputs from the ADO thru ADn-1 digital Word 
inputs 411 from, for example, the A/D converter 342 of FIG. 
6. Collectively, the plurality of boost cells 409 Which have 
A/D bit inputs from the digital Word 411 may also be 
referred to as a compensation circuit 412, since the boost 
cells 409, unlike the ?xed boost cell 405, are operable to 
provide compensation to the voltage boost output 402 from 
the digital Word (e.g., 345 of FIG. 6). 

[0059] The plurality of boost cells 409 are individually 
selected for boost compensation by a respective input of the 
ADO thru ADn-1 digital Word 411 from the stable latched 
A/D output. The compensation circuit 412 is operable to 
sWitch the boost capacitors CO _ _ _ n_1 410 betWeen VDD and 

ground depending on the detected supply level. During the 
ATD time period, B/PG sWitches 415 and 416 close on the 
precharge (PG) side and open on the boost (B) side. The VDD 
voltage precharges the load capacitor CL 407 and the ?xed 
boost capacitor CB 406, along With the boost capacitors CO 

. . n-l 410, Which are also grounded by the B/P sWitches 415 
and 416 in the PG selection. Further, each ?xed boost 
capacitor CB 406, or boost capacitor C0 _ _ _ n_1 410, has a 
pull-up precharge sWitch PV (e.g., a transistor) coupleable to 
VDD, a grounding precharge sWitch PG (e.g., a transistor) 
coupleable to a ground potential, and a boost sWitch B 
coupleable to a boost potential (e.g., VDD). 

[0060] At the end of the ATD time period, a Pre-BOOST 
time period begins Wherein the B/PG sWitch 415 and a 
predetermined set of the B/PG sWitches 416 open on the 
precharge PG side and close on the boost B side. During this 
Pre-BOOST time period the ?xed boost capacitor CB 406 is 
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sWitched back to VDD, along With the predetermined set of 
the boost cells 410. The A/D digital Word data is not yet 
available during this time, but the ?xed boost capacitor CB 
406, along With the predetermined set of boost capacitors CO 

. 11-1 410, Which are also noW sWitched to Vcc, begin to 
boost the voltage to the VBOOST compensated output 402. At 
this point, if these precharged capacitors Were not connected 
to the load capacitors, VBOOST Would be elevated to ZVDD, 
hoWever, load capacitor CL 407, is still held at ground, and 
the nonselected (nonpredetermined) boost capacitors of 410 
are noW sWitched to ground. This forces all the precharge 
stored in CB, CL, and the selected CO _ _ _ n_1 capacitors to 
charge share among all the capacitors on the VBOOST output 
402 bringing the boosted voltage to an intermediate level 
betWeen VDD and ZVDD. 

[0061] When the A/D Word data is subsequently made 
available, during the BOOST time period, the selected bits 
of ADO thru ADn-1411 enable selected boost cells 409 With 
boost capacitors CO _ _ _ n_1 410 to trim up or trim doWn the 

VBOOST output 402 bringing the boosted voltage to a ?nal 
level betWeen VDD and ZVDD corresponding to the VDD as 
measured by the A/D, thereby resulting in a boosted Word 
line voltage Which is substantially independent of variations 
in the supply voltage. 

[0062] FIG. 7B is a schematic illustration of an equivalent 
circuit of an exemplary voltage booster 430 in accordance 
With one aspect of the invention, and as described in FIG. 
7A for the single stage voltage boost circuit 400. The 
equivalent circuit 430 demonstrates the result of the ?nal 
selection made by the A/D converter in the voltage boost 
circuit 400 in accordance With an aspect of the present 
invention. The voltage boost circuit 400 of FIG. 7A adjusts 
or alters an effective boost capacitance CBeff and an effec 
tive load capacitance CLeff, thereby resulting in a boosted 
Word line voltage VBOOST Which is substantially indepen 
dent of variations in the supply voltage VDD. As this altering 
provides an adjustment of the output voltage based on the 
ratio established by selection betWeen the effective boost 
capacitance and the effective load capacitance, an effective 
altering of a voltage “boost gain” is also established for the 
voltage boost circuit. 

[0063] CBeff is the effective total boost capacitance 435 as 
seen by the boost circuit 430, comprising CB, plus all the 
A/D selected capacitors C0+ . . . Cn_2. CLeff is the effective 
total load capacitance 440, comprising CL, plus all the 
voltage detector nonselected capacitors C1+ . . . Cn_1 as seen 

by the boost circuit 430 and impressed on the VBOOST 442 
boosted voltage output line. Therefore the effective boost 
capacitance CBeff and effective load capacitance CLeff is a 
function of VDD. Note that FIG. 7B illustrates a set of 
arbitrary examples for CBeff and CLeff. 

[0064] Therefore, the effective VBOOST terminal voltage 
442 of FIG. 7B for one arbitrary example of the present 
invention becomes: 

Where: CBe?=CB+CU+ . . . CH,2 (of selected boost 
capacitors) 
and Where: CLe?=CL+C1+ . . 
boost capacitors) 

[0065] It should be noted, that the total number of capaci 
tors used in this exemplary method remains constant. 

. CH,1 (of nonselected 
















