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There is provided a reading circuit and method for perform 
ing program Verify, erase Verify, and over-erase-correction 
Verify modes of operations on a Selected memory core cell 
in an array of Flash EEPROM memory core cells. A fixed 
control gate bias Voltage is applied to the control gate of a 
core cell transistor whose State is to be verified for gener 
ating a core cell drain current. Varied control gate bias 
Voltages are applied to the control gate of a single reference 
cell transistor for generating different reference currents 
corresponding to predetermined modes of operations. In a 
Second embodiment, the different reference currents are 
generated from a current Source. 
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SENSING SCHEME OF FLASH EEPROM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates generally to non-volatile 
memory devices having a floating gate. More particularly, 
the present invention relates to a new and novel reading 
circuitry and method for performing program verify, erase 
Verify and over-erase-correction verify operations on a 
selected memory core cell in an array of EPROM, 
EEPROM, or Flash EEPROM memory core cells which 
uses only a Single reference cell So as to reduce the amount 
of trimming time required during manufacturing. 
0003 2. Description of the Prior Art 
0004 AS is generally well-known in the art, non-volatile 
memory devices using a floating gate for the Storage of 
charges thereon such as EPROMs (electrically program 
mable read-only memories), EEPROMs (electrically, eras 
able programmable read-only memories) or Flash 
EEPROMs have emerged in recent years. In such a conven 
tional Flash EEPROM memory device, a plurality of Such 
one-transistor memory may be formed on a P-type Semi 
conductor Substrate in which each cell is comprised of an in 
drain region and an n' Source region both formed integrally 
within the Substrate. A relatively thin gate dielectric layer is 
interposed between a top Surface of the Substrate and a 
conductive polysilicon floating gate. A polysilicon control 
gate is insulatively Supported above the floating gate by a 
Second dielectric layer. A channel region in the Substrate 
Separates the drain and Source regions. 
0005 AS is well-known, the charge of the floating gate of 
the one-transistor cell is dependent upon the number of 
electrons contained in the floating gate. During the program 
ming mode, electrons are added to the floating gate of the 
cell so as to increase its threshold voltage. The term “thresh 
old” refers to a gate-to-Source Voltage that must be applied 
between the gate and the Source of the cell in order to cause 
it to conduct. During the erase mode, electrons are removed 
from the floating gate of the cell So as to decrease its 
threshold Voltage. In programmed State, the threshold Volt 
age of a cell is typically Set at greater than +6.5 volts, while 
the threshold Voltage of a cell in an erased State is typically 
limited below +3.0 volts. 

0006. In order to determine whether the cell has been 
programmed or not, the cell is read by applying a Small 
positive Voltage to the control gate between the +3.0 and 
+6.5 volt range, typically +5.0 Volts, with the Source region 
held at a ground potential (0 volts) and the drain held at a 
potential between +1 to +2 volts. If the transistor cell 
conducts or is turned-on, a current will flow through the 
transistor representing a “1” bit or erased State. On the other 
hand, if the transistor cell does not conduct or is turned-off 
no current will flow through the transistor representing a “0” 
bit or programmed State. 
0007 FIG. 1 is a simplified functional block diagram of 
a conventional Semiconductor integrated memory circuit 
device 100 which includes a Flash EEPROM memory array 
102 formed of a plurality of memory core cells MC11 
MCnm (each being formed as described above). The plu 
rality of memory cells MC11-MCnm are arranged in an nxm 
matrix on a single integrated circuit chip. Each of the 
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memory cells is comprised of one of the array core transis 
tors QP through Q which function as a memory tran 
sistor for storing data “1” or “0” therein. Each of the core 
transistorS has its drain connected to one of the plurality of 
bit lines BLO-BLm. All of the sources of the array core 
transistors are connected to a common array ground poten 
tial VSS. Each of the core transistors also has its control gate 
connected to one of the plurality of word lines WLOWLN. 
0008. The memory circuit device 100 further includes a 
row address decoder 104, a column address decoder 106, 
and a Y-pass gate circuit 108. The row address decoder 104 
selects one of the corresponding word lines WLO-WLn in the 
memory core cell array 102 in response to row address 
Signals A. At the same time, the column decoder 106 Selects 
one of the corresponding bit lines B10-BLm in response to 
column address signals A. The Y-pass gate circuit 108 
connects the corresponding array bit lines to a Sensing or 
reading circuitry 110. 

0009. In order to determine the state of a selected 
memory core cell, the reading circuitry 110 includes a Sense 
amplifier functioning as a comparator which receives a core 
current Signal from a bit line on its one input and receives a 
reference current Signal from a reference line on its other 
input. In this manner, the core current Signal corresponding 
to a core current is compared with the reference current 
Signal corresponding to a reference current from a reference 
cell. The result on the output of the comparator indicates 
whether the selected memory core cell is storing a “1” or 
“O. 

0010 With reference to FIG. 2 of the drawings, there is 
shown a simplified Schematic circuit diagram of certain 
portions of the memory circuit device 100 of FIG. 1 to 
explain how the program verify, erase verify, and over-erase 
correction Verify States of one Selected array core transistor 
Q is determined. In particular, the reading or sensing 
circuitry 110 of FIG. 2 includes a comparator 120, a 
reference resistor 122 having a resistance value R2, a Sense 
resistor 124 having a resistance value R1, a core transistor 
QP, and a plurality of reference transistorS Q-Q. The 
comparator 120 is actually one of the Sense amplifiers of 
FIG. 1. 

0011. The reference resistor 122 has its one end con 
nected to a Supply potential or Voltage VCC, which is 
typically at +1.0 volts, and its other end connected to the 
non-inverting input of the comparator 120 at node A. The 
node A is also coupled to the drains of the reference 
transistors Q-Qi via the reference cell line REF and 
corresponding Switches S1-S4. One end of the sense resistor 
124 is also connected to the supply potential VCC, and the 
other end thereof is connected to the inverting input of the 
comparator 120 at node B. The node B is also connected to 
the drain of the core transistor Q via the selected bit line BL. 
AS can be seen, the gates of the core transistor Q and the 
reference transistors QQ are connected together and 
receive the same control gate voltage VG SENSE via the 
Selected word line WL. 

0012. During a normal Read mode of operation, in order 
to read the Selected core cell in the memory array, the core 
current ICELL from the Selected core cell QP is compared 
with the reference current IREF from the reference cell Q. 
having a read threshold voltage RD VT by closing the 
Switch S1. During a program verify mode of operation, in 
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order to read the Selected core cell in the memory array, the 
core current ICELL from the Selected core cell QP is com 
pared with the reference current IREF from the reference 
cell Qi having a program verify threshold voltage 
PGM VT by closing the Switch S2. During an erase-verify 
mode of operation, in order to read the Selected core cell in 
the memory array, the core current ICELL from the selected 
core cell Q is compared with the reference current IREF 
from the reference cell Qi having an erase-verify threshold 
voltage ERS VT by closing the Switch S3. During an 
over-erase-correction mode of operation, in order to read the 
Selected core cell in the memory array, the core current 
ICELL from the selected core cell Q is compared with the 
reference current IREF from the reference cell Qi having 
an over-erase-correction threshold voltage OEC VT by 
closing the Switch S4. 

0013 The various threshold voltages for the four refer 
ence cells Q-Q are required to Satisfy the following 
condition: 

OEC VT-ERS VT-RD VT-PGM VT 

0014) As will be noted from FIG. 3, the reference cell 
current from the four respective reference cells Q-Q 
(each having a different reference threshold voltage) are 
plotted as a function of the control gate bias V applied to 
the respective reference cells. Since the reference cells are 
identical to the array core cells, the plotted IDS curves A-D 
are parallel to each other and are also parallel to the IDS 
curve of an array core cell. Thus, the plotted curves A-D are 
only separated from one another by the differences in values 
of the their threshold voltages. 

0.015. In order to determine whether the selected core cell 
Q is erase verified, the reference cell Qi having the 
threshold ERS VT will be used by closing the Switch S3. 
When a bias voltage VG SENSE is applied to the control 
gates of both the Selected core cell QP and the reference cell 
Q, the comparator 120 will effectively compare the core 
cell current ICELL with the reference cell current 
ERS IREF. In order for the comparator to output a logic “1” 
indicative of the Selected core cell QP being erase-verified, 
the core cell current ICELL is required to be larger than the 
reference cell current ERS IREF. 
0016. With reference still to FIG. 3, it can be seen that if 
the core cell current ICELL is larger than the reference cell 
current ERS IREF, then it will be also indeed larger than the 
reference cell current RD IREF. Therefore, a selected core 
cell QP that has passed erase Verify will likewise cause the 
comparator to output a logic “1” during the normal Read 
mode of operation where the reference cell Qi having the 
threshold voltage RD VT will be used by closing the Switch 
S1 in order to produce the corresponding reference current 
RD IREF. In other words, the core cell current ICELL will 
be greater than the reference cell current RD IREF, which is 
less than the reference current ERS IREF, since it is greater 
than the reference current ERS IREF. 
0017 Based upon a similar analogy, in order to determine 
whether the Selected core cell QP is program Verified, the 
reference cell Qs having the threshold PGM VT will be 
used by closing the Switch S2. When a bias voltage 
VG SENSE is applied to the control gates of both the 
Selected core cell QP and the reference cell Q, the com 
parator 120 will effectively compare the core cell current 
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ICELL with the reference cell current PGM IREF. In order 
for the comparator to output a logic “0” indicative of the 
Selected core cell QP being program-verified, the core cell 
current ICELL is required to be smaller than the reference 
cell current PGM IREF. 
0018 With reference again to FIG. 3, it can be seen that 
if the core cell current ICELL is Smaller than the reference 
current PGM IREF, then it will be also indeed smaller than 
the reference cell current RD IREF. Therefore, a selected 
core cell QP that has passed program Verify will likewise 
cause the comparator to output a logic “0” during the normal 
Read mode of operation where the reference cell Qi having 
the threshold voltage RD VT will be used by closing the 
Switch S1 in order to produce the corresponding reference 
current RD IREF. In other words, the core cell ICELL will 
be smaller than the reference cell current RD IREF, which 
is greater than the reference current PGM IREF, since it is 
Smaller than the reference current PGM IREF. 
0019. In order to determine whether the selected core cell 
is over-erase-correction Verified, the reference cell Q 
having a threshold voltage OEC VT will be used by closing 
the Switch S4. As will be noted from FIG. 3, in order to 
produce a current greater than Zero when the bias Voltage 
VG SENSE-OV is being applied during the over-erase 
correction verify mode of operation, it is required that the 
threshold voltage OEC VT of the reference cell Q be set 
at less than OV (negatively). 
0020. This prior reading circuitry 110 of FIG. 2 suffers 
from the disadvantages of several drawbacks. Firstly, in 
conjunction with the performing of the reading, erase verify, 
program Verify, and over-erase-correction Verify operations 
in the array of Flash EEPROM memory cells, there is 
required the task of trimming (programming) and verifying 
the threshold voltage of each of the four reference cells 
Q-Qs. This trimming procedure involves the cycle of 
applying a program pulse to the reference cell, program 
Verifying the reference cell, and applying another program 
pulse which is repeated over and over until the particular 
reference cell has been successfully trimmed to the different 
desired threshold voltages (e.g., RD TT, PGM VT, 
ERS VT, or OEC VT). Thus, the trimming (setting) process 
is a very difficult and time-consuming task performed during 
fabrication of the memory devices which will increase the 
labor costs. 

0021 Secondly, the trimming of the reference cell Qi to 
a negative threshold Voltage is not desirable or convenient 
Since it will create additional problems, Such as requiring a 
negative Supply Voltage and/or other Special testing equip 
ment. Thirdly, Since each reference cell (except for cell Q) 
is Storing either a positive or negative charge on its floating 
gate, they are unstable or Susceptible to charge loSS when 
there is a disturb. As a result, their threshold voltages will 
tend to change and thus the associated reference current 
IREF will be varied. It will be noted that the threshold 
voltage RD VT of the reference cell Q is typically set near 
a neutral threshold voltage of UV VT, which is defined as 
when there is neither a positive or negative charge added to 
the floating gate of the cell. Therefore, the closer the 
threshold voltage of the reference cell is to the neutral 
threshold voltage UV VT, the more stable it will be. 
0022. Accordingly, there has been discovered by the 
inventor a new and novel reading circuitry and method for 
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performing program Verify, erase Verify, and over-erase 
correction verify operations on a Selected memory core cell 
in an array of Flash EEPROM memory cells which over 
comes the prior art problems. This is accomplished in the 
present invention by utilizing a single reference cell whose 
control gate bias Voltage is varied to produce different 
reference current values. 

SUMMARY OF THE INVENTION 

0023. Accordingly, it is a general object of the present 
invention to provide an improved reading circuitry and 
method for performing program verify, erase verify, and 
over-erase-correction verify operations on a Selected 
memory core cell in an array of flash EEPROM memory 
core cells which overcomes the disadvantages of the prior 
art. 

0024. It is an object of the present invention to provide an 
improved reading circuitry and method for performing pro 
gram verify, erase verify, and over-erase-correction verify 
operations on a Selected memory core cell in an array of 
flash EEPROM memory core cells so as to reduce the 
amount of trimming time required during manufacturing. 

0.025. It is another object of the present invention to 
provide an improved reading circuitry and method for 
performing program Verify, erase Verify, and over-erase 
correction verify operations on a Selected memory core cell 
in an array of flash EEPROM memory core cells which 
includes a single reference cell transistor having a fixed 
threshold Voltage and whose control gate bias Voltage is 
varied to produce different reference current values. 

0026. It is still another object of the present invention to 
provide an improved reading circuitry and method for 
performing program Verify, erase Verify, and over-erase 
correction verify operations on a Selected memory core cell 
in an array of flash EEPROM memory core cells which 
includes means for generating a core cell drain current, 
means for generating reference currents corresponding to 
predetermined modes of operation, and comparator means 
for comparing the drain current and the reference currents in 
order to determine whether the Selected core cell has passed 
program Verify, erase verify, and over-erase-correction 
verify. 

0027. In a preferred embodiment of the present invention, 
there is provided a reading circuit and method for perform 
ing program Verify, erase verify, and over-erase-correction 
Verify modes of operations on a Selected memory core cell 
in an array of Flash EEPROM memory core cells. A fixed 
control gate bias Voltage is applied to the control gate of a 
core cell transistor whose State is to be verified for gener 
ating a core cell drain current. Varied control gate bias 
Voltages are applied to the control gate of a single reference 
cell transistor for generating different reference currents 
corresponding to predetermined modes of operations. 

0028. A comparator is used for comparing a sensed 
Voltage corresponding to the core cell drain current and a 
reference Voltage corresponding to one of the different 
reference currents. The comparator generates an output 
Signal which is at a high logic when the Sensed Voltage is leSS 
than the reference Voltage and which is at a low logic level 
when the Sensed Voltage is higher than the reference Voltage. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0029. These and other objects and advantages of the 
present invention will become more fully apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings with like reference numer 
als indicating corresponding parts throughout, wherein: 
0030 FIG. 1 is a simplified functional block diagram of 
a conventional Semiconductor memory circuit device, 
including a Flash EEPROM memory array and reading 
circuitry; 

0031 FIG. 2 is a simplified schematic circuit diagram of 
certain portions of the memory circuit device of FIG. 1; 
0032 FIG. 3 shows plots of a family of curves repre 
Senting the current Is of the four reference cell transistors 
of FIG. 2 each having a different threshold voltage as a 
function of control gate bias Voltage V, 
0033 FIG. 4 is a simplified schematic circuit diagram, 
similar to FIG. 2, but to which the principles of the present 
invention have been employed; 
0034 FIG. 5 is a graph of the current Is of the single 
reference cell transistor of FIG. 4 having a fixed threshold 
voltages V as a function of different applied control gate 
bias Voltages V, 
0035 FIG. 6 is a simplified schematic circuit diagram of 
a bias generator circuit for generating the different control 
gate bias Voltages applied to the gate of the reference cell 
transistor Q of FIG. 5; 
0036 FIG. 7 is a simplified schematic circuit diagram, 
similar to FIG. 4, illustrating a second embodiment of the 
present invention; and 
0037 FIG. 8 is a simplified schematic circuit diagram of 
a current Source circuit for generating the different reference 
currents for the current source Is of FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0038 A new and novel reading or sensing circuitry and 
method for performing program Verify, erase verify, and 
over-erase-correction verify operations on a Selected 
memory core cell in an array of Flash EEPROM memory 
cells is described. In the following description, numerous 
Specific details are Set forth, Such as Specific circuit con 
figurations, components and the like in order to provide a 
thorough understanding of the present invention. However, 
it should be apparent to those skilled in the art that the 
present invention may be practiced without the Specific 
details. In other instances, well-known processes, circuits 
and control lines, not particularly relevant to the understand 
ing of the operating principles of the present invention, have 
been purposely omitted for the Sake of clarity. 
0039 Referring now in detail to the drawings, there is 
shown in FIG. 4 a Schematic circuit diagram, Similar to 
FIG. 2, of certain portions of a memory circuit device 
defining a reading or Sensing circuitry 400, to which the 
principles of the present invention have been employed. 
Unlike the traditional prior art reading technique used in 
FIGS. 2 and 3, the reading or sensing method of the present 
invention is capable of determining whether the Selected 
memory core cell has passed program verify, erase verify, 
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and over-erase-correction verify by utilizing a single refer 
ence cell. Therefore, the very difficult and time-consuming 
task of trimming the plurality of reference cells as required 
in the prior art has been greatly simplified. Consequently, the 
labor costs associated with the fabrication of the memory 
devices will be substantially reduced. 
0040. The reading circuitry 400 in FIG. 4 of the present 
invention includes a comparator 420, a reference resistor 
422 having a resistive value R402, a sense resistor 424 
having a resistance value R401 (R401-R402), a core cell 
transistor QP, and a single reference cell transistor Q. The 
reference resistor 422 has its one end connected to a Supply 
potential or voltage VCC, which is typically at +1.0 volts, 
and its other end connected to the non-inverting input of the 
comparator 420 at node C. The node C is joined to the drain 
of the reference cell transistor Q. Via a reference bit line 
REF. One end of the sense resistor 424 is also connected to 
the Supply potential VCC, and the other end is connected to 
the inverting input of the comparator 420 at node E. The 
node E is also connected to the drain of the core transistor 
Q via the selected bit line BL. 
0041) Unlike the prior art of FIG. 2, the four reference 
cell transistorS Q-Q, thereof have been replaced by the 
Single reference cell transistor Qs having a fixed threshold 
voltage RD VT which is trimmed to a value of UV VT and 
is thus very stable. Further, it can be seen that the control 
gates of the core cell transistor Q and the reference cell 
transistor Q are not connected together So as to receive the 
same fixed control gate bias voltage VG SENSE as in FIG. 
2. In particular, only the control gate of the core cell 
transistor Q is connected to a fixed control gate bias Voltage 
VG RD via the selected word line WL. On the other hand, 
the control gate of the reference cell transistor Q is con 
nected to a varied control gate bias Voltage V. 
0042. The improved reading or sensing method for per 
forming program verify, erase Verify, and over-erase-correc 
tion verify operations on the core cell transistor Q of FIG. 
4 of the present invention will now be explained with 
reference to FIG. 5. Initially, a detailed explanation will first 
be given with respect to how the four different reference 
current levels 502, 504, 506, 508 representing constant 
levels of currents ERS IREF, RD IREF, PGM IREF, and 
OEC IREF in FIG. 5 are generated. 
0043. These reference current levels are obtained by 
applying different bias Voltages on the control gate of the 
Single reference cell transistor Q. Initially, it is assumed that 
the reference cell transistor Q has been trimmed (pro 
grammed) to have a threshold voltage RD VT which has a 
value in the vicinity of the neutral threshold voltage UV VT, 
such as +2.3V. Thus, this threshold voltage will be stable. 
First, with regard to the reference current level 502 desig 
nated as ERS IREF this is generated by applying a bias 
voltage RVG ERS (i.e., +5.0V) to the control gate of the 
reference cell transistor Q. Second, with regard to the 
reference current level 504 designated as RD IREF this is 
generated by applying a bias Voltage VG RD (i.e., +4.4V) 
to the control gate of the reference cell transistor Q. 
0044 Similarly, with regard to the reference current level 
506 designated as PGM IREF this is generated by applying 
a bias voltage RVG PGM (i.e., +3.0V) to the control gate of 
the reference cell transistor Q. Finally, with regard to the 
reference current level 508 designated as OEC IREF this is 
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generated by applying a bias Voltage RVG OEC (i.e., 
+2.8V) to the control gate of the reference cell transistor Q. 
0045. In order to determine whether the selected core cell 
transistor Q is program Verified, the reference cell transistor 
Qs having the applied control bias voltage RVG PCM 
(+3.0V) will be used and the control bias voltage VG RD 
(+4.4V) is applied to the control gate of the core cell 
transistor Q. AS can be seen from FIG. 4, the margin or 
difference between the reference currents (RD IREF 
PGM IREF) is provided by the difference of the control gate 
bias voltages or VG RD RVG PGM (i.e.,44V -3.0V). In 
the prior art reading method of FIG. 2, the difference 
between the reference currents was obtained by the differ 
ences of the threshold voltages or RD VT-PGM VT. The 
present invention has simply converted the prior art thresh 
old Voltage margin to a control gate bias margin. Therefore, 
the relationship can be expressed mathematically in the 
following equation: 

0046. In order to determine whether the selected core cell 
transistor Q is erase verified, the same control bias Voltage 
VG RD is still applied to the control gate of the core cell 
transistor Q. However, the control bias voltage RVG ERS 
will now be applied to the control gate of the reference cell 
transistor Q. Again, the control gate bias margin (FIG. 4) 
of the present invention can be compared to the threshold 
voltage margin (FIG. 2) of the prior art. This relationship 
can be expressed mathematically in the equation below: 

VG RD-RVG ERS=-(RD VT-ERS VT) (2) 
0047. In order to determine whether the selected core cell 
transistor Q is over-erase-correction verified, the same 
control bias voltage VG RD is still applied to the control 
gate of the core cell transistor Q. However, the control bias 
voltage RVG OEC will now be applied to the control gate 
of the reference cell transistor Q. Again, the control gate 
bias margin (FIG. 4) of the present invention can be 
compared to the threshold voltage margin (FIG. 2) of the 
prior art. This relationship can be expressed mathematically 
in the equation below: 

VG RD-RVG OEC=-(RD VT-OEC VT) (3) 
0048 Since control gate of the core cell transistor is 
always grounded during the over-erase-correction mode of 
operation, VG RD will be equal to zero and thus the left side 
of equation (3) can be simplified to:-RVG OEC. 
0049. In operation, a certain amount of core cell drain 
ICELL will flow through the drain D and source S electrodes 
of the selected core cell transistor Q of FIG. 4 when the 
fixed bias voltage VG RD (i.e., +4.4V) is applied to its 
control gate. This will cause a Sensed Voltage to be devel 
oped at the node E corresponding to the core cell current 
ICELL. Similarly, a reference current IREF will flow 
through the drain D and the source S electrodes of the 
reference cell transistor Q when the varied control gate bias 
Voltage V is applied to its control gate. The reference 
current IREF has a value which is equal to one of the 
reference current levels 502, 504, 506, or 508 (FIG. 5) 
dependent upon the mode of operation. For example, during 
the erase verify mode of operation the reference current 
IREF will set equal to the reference current 502 
(ERS IREF) by adjusting the varied control gate bias volt 
age to be RVG ERS (i.e., +5.0V). This will cause a refer 
ence Voltage to be developed at the node C corresponding to 
the reference cell current IREF or 150 uA. 
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0050. The comparator 420 has its non-inverting input 
connected to receive the reference Voltage at the node C and 
its inverting input connected to receive the Sensed Voltage at 
the node E. The comparator is used to amplify the Voltage 
difference between the Sensed Voltage and the reference 
Voltage and will generate an output logic Signal on lead line 
426. If the core cell current ICELL is higher than the 
reference cell current IREF, then the sensed voltage at the 
node E will be lower than the reference voltage at the node 
C. Thus, the output signal of the comparator 420 on the line 
426 will be at a high or “1” logic level. On the other hand, 
if the core cell current ICELL is lower than the reference cell 
current IREF, then the sensed voltage at the node E will be 
higher than the reference Voltage at the node C. Thus, the 
output: signal of the comparator 420 on the line 426 will be 
at a low or “0” logic level. 

0051. In order to produce the varied control gate bias 
voltages VG RD, RVG PGM, RVG ERS, and RVG OEC 
for the different modes of operation, there is illustrated in 
FIG. 6 a schematic circuit diagram of a reference bias 
generator circuit 600 which is comprised of a charge pump 
circuit 602, resistor-divider network 604, an amplifier 606, 
a Switch transistor 608, and a multiplexer 610. The charge 
pump circuit 602 includes a first pump transistor T1, a 
Second charge pump transistor T2, and a boost capacitor CB. 
The transistor T1 has its Source and gate electrodes con 
nected together and to an upper power Supply potential or 
VCC, which is typically at +3.0V, at node X. The transistor 
T2 has its Source and gate electrodes connected together and 
to the drain of the transistor T1 at node Y. The capacitor CB 
has its one end connected also to the node Y and its other end 
connected to receive a pulse train PT. In response to the 
potential VCC and the pulse train PT, the charge pump 
circuit 602 provides an output voltage V OUT, which is 
designed to be greater than the largest varied Voltage 
RVG ERS, such as +5.5v at node Z. 

0052. The resistor-divider network 604 is formed of 
series-connected resistors R601-R606 which are intercon 
nected between the node Z and a lower power Supply 
potential or VSS (typically at OV) at node W. The junction 
of the resistors R601, R602 at node S provides a voltage 
RVG ERS (i.e., +5.0V) which is fed to a first input of the 
multiplexer 610. The junction of the resistors R602, R603 at 
node T is designed to provide a potential which is slightly 
larger than the Voltage VG RD and is connected to the 
non-inverting input of the amplifier 606. The junction of the 
resistors R604, R605 at node U provides a voltage RVG 
PGM (i.e., +3.0V) which is fed to a second input of the 

multiplexer 610. The junction of the resistors R605, R606 at 
node V provides a voltage RVG OEC (i.e., +2.8V) which is 
fed to a third input of the multiplexer 610. 

0053. The amplifier 606 has its inverting input connected 
to receive a voltage VG RD, which is generated from a 
conventional wordline bias generator (not shown). The 
voltage VG RD is also fed to a fourth input of the multi 
plexer 610. This voltage VG RD is set, for example, at 
+4.4V during the program Verify and erase Verify modes of 
operation and is Set at OV during the over-erase-correction 
verify mode of operation. The Switch transistor 608 has its 
gate connected to the output of the amplifier 606, its drain 
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connected to the node Z, and its Source connected to the 
node W. The multiplexer 610 has a fifth input on line 612 for 
receiving a verify mode control Signal and generates a varied 
control gate bias voltage VG on output line 614. The varied 
bias voltage VG will be set to either RVG PGM, 
RVG ERS, RVG OEC, or VG RD in response to the verify 
mode control signal. 
0054 AS can be seen, the reference bias generator circuit 
600 generates all of the gate bias voltages for the different 
modes of operations. The amplifier 606 is used to reference 
all of the generated gated bias Voltages with respect to the 
read bias voltage VG RD so that the control gate bias 
differences are fixed. In other words, the control gate bias 
margins used for the different verify modes are fixed. If the 
voltage VG RD at the inverting input becomes Smaller, the 
voltage at the node T will then be larger with respect to the 
voltage VG RD So as to cause the output of the amplifier 
606 to become larger. This will, in turn, cause the Switch 
transistor 608 to be rendered more conductive which will 
pull down the potential at the node Z. As a result, all of the 
gate bias Voltages at the respective nodes S, T, U and V will 
be lowered proportionally So as to reduce the difference 
between the voltage at the node T and the voltage VG RD 
until they become very close to the same potential. 
0055. In operation, during the normal read mode, the 
voltage VG RD is applied to both control gates of the core 
cell transistor and the reference cell transistor. In the other 
modes of operations, the Voltage VG RD is applied only to 
the control gate of the core cell transistor, and the output of 
the multiplexer 610 on the line 614 applied to the control 
gate of the reference cell transistor will at either RVG PGM, 
RVG ERS, or RVG OEC dependent upon the particular 
verify mode. 
0056. In FIG. 7, there is shown a schematic circuit 
diagram, Similar to FIG. 4, of certain portions of a memory 
circuit device defining a reading or Sensing circuitry 700, 
illustrating a Second embodiment of the present invention. 
The reading or Sensing method in the Second embodiment of 
the present invention is quite similar to FIG. 4, except that 
the Single reference cell Q, thereof has been simply replaced 
with a current Source Is 
0057 The reading circuitry 700 in FIG. 7 for the second 
embodiments of the present invention includes a comparator 
520, a reference resistor 522 having a resistive value R502, 
a sense resistor 524 having a resistance value R501 (R501 = 
R502), a core cell transistor QP, and a current Source Is. The 
reference resistor 522 has its one end connected to a Supply 
potential or voltage VCC, which is typically at +1.0 volts, 
and its other end connected to the non-inverting input of the 
comparator 520 at node F. The node F is joined to one end 
of the current source Is via a reference bit line REF. The 
other end of the current Source is connected to a ground 
potential VSS. One end of the sense resistor 524 is also 
connected to the Supply potential VCC, and the other end 
thereof is connected to the inverting input of the comparator 
520 at node G. The node G is also connected to the drain of 
the core transistor Q via the selected bit line BL. 
0.058. The four different reference current levels 502, 
504, 506, 508 representing constant levels of currents 
ERS IREF, RD IREF, PGM IREF, and OEC IREF in 
FIG. 5 correspond to the current values of 150 uA, 90 uA, 
20 uA and 15 uA, respectively. These reference current 
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values are generated by a current source circuit 800 of FIG. 
8, which will be explained more fully hereinbelow. 
0059. In operation, a certain amount of core cell drain 
ICELL will flow through the drain D and source S electrodes 
of the selected core cell transistor Q of FIG. 7 when the 
fixed bias voltage VG RD (i.e., +4.4V) is applied to its 
control gate. This will cause a Sensed Voltage to be devel 
oped at the node G corresponding to the core cell current 
ICELL. Similarly, a reference current IREF will flow 
through the current source Is. The reference current IREF 
has a value which is again equal to one of the reference 
current levels 502, 504, 506, or 508 (FIG. 5) dependent 
upon the mode of operation. For example, during the erase 
verify mode of operation the reference cell current IREF will 
set equal to the reference current 502 (ERS IREF) which 
has a value of 150 uA. 
0060. The comparator 720 has its non-inverting input 
connected to receive the reference Voltage at the node F and 
its inverting input connected to receive the Sensed Voltage at 
the node G. The comparator is used to compare the core cell 
current ICELL with the reference cell IREF and the refer 
ence Voltage and will generate an output logic Signal on lead 
line 726. If the core cell current ICELL is higher than the 
reference cell current IREF, then the output signal of the 
comparator 720 on the line 726 will be at a high or “1” logic 
level. On the other hand, if the core cell current ICELL is 
lower than the reference cell current IREF, then the output 
signal of the comparator 720 on the line 726 will be at a low 
or “0” logic level. 
0061. In order to produce the four different reference 
current levels ERS IREF, RD IREF, PGM IREF, AND 
OEC IREF in FIG. 5 for the different modes of operation, 
there is illustrated in FIG. 8 a schematic circuit diagram of 
a current source circuit 800 which is comprised of a current 
mirror arrangement 802, a parallel-connected resistor net 
work 804, and a multiplexer 806. The current mirror 
arrangement 802 includes a first mirror N-channel transistor 
M1 and a second mirror N-channel transistor M2. The first 
mirror transistor M1 has its gate and drain electrodes con 
nected together and tot he gate electrode of the Second 
mirror transistor M2. The Source electrodes of the transistors 
M1, M2 are connected to a ground potential VSS. The drain 
electrode of the transistor M2 at node F" is connected to the 
node F of FIG. 7. 

0062) The parallel-connected resistor network 804 is 
formed of four resistors R801-R804 which are connected in 
parallel between an upper power Supply potential or VCC 
(typically at +1.0V) and the multiplexer 806. One end of 
each of the resistors R801-R804 is connected to the power 
supply potential. The other end of the resistor R801 is fed to 
a first input of the multiplexer 806. The other end of the 
resistor R802 is fed to a second input of the multiplexer 806. 
The other end of the resistor R803 is fed to a third input of 
the multiplexer 806. The other end of the resistor R804 is fed 
to a fourth input of the multiplexer 806. 
0063) The value of the resistor R801 is selected and 
preset So as to cause a current of 150 uA corresponding to 
the erase verify mode to flow when it is connected to the 
multiplexer 806. The value of the resistor R802 is selected 
and pre-Set So as to cause a current of 90 uA corresponding 
to the read mode to flow when it is connected to the 
multiplexer 806. The value of the resistor R803 is selected 

Nov. 28, 2002 

and pre-Set So as to cause a current of 20 uA corresponding 
to the program Verify mode to flow when it is connected to 
the multiplexer 806. The value of the resistor R804 is 
Selected and pre-Set So as to cause a current of 15 uA 
corresponding to the over-erase-correction verify mode to 
flow when it is connected to the multiplexer 806. 
0064. The multiplexer 806 has a fifth input online 808 for 
receiving a verify mode control Signal. The output of the 
multiplexer 806 on line 810 provides in response to the 
control Signal the reference cell current IREF having a value 
corresponding to one of the reference current levels of 150 
uA, 90 uA, 20 uA or 15 uA (FIG. 5) dependent upon the 
mode of operation. For example, the reference cell current 
IREF will be set to 150 uA by selecting the resistor R801. 
0065. As will be noted, since this second embodiment of 
the present invention does not use a floating gate transistor 
but instead N-channel transistors M1, N2 for the reference 
cell the need for trimming of reference cells has now been 
completely eliminated. Further, due to the use of resistors 
R801-R804 whose values can be easily set, the reading 
circuitry 700 of FIG. 7 of the present invention is very 
Stable, reliable and Simple to implement. 
0066. From the foregoing detailed description, it can thus 
be seen that the present invention provides an improved 
reading circuitry and method for performing program verify, 
erase verify, and over-erase-correction verify operations on 
a selected memory core cell in an array of Flash EEPROM 
memory cells So to reduce trimming time during manufac 
turing. This is achieved by the provision of a single reference 
cell having a fixed threshold Voltage and whose control gate 
bias Voltage is varied to produce different reference current 
levels. In addition, the threshold voltage of the reference cell 
is programmed to be near a neutral threshold Voltage So as 
to be very stable. 
0067. While there has been illustrated and described what 
is at present considered to be a preferred embodiment of the 
present invention, it will be understood by those skilled in 
the art that various changes and modifications may be made, 
and equivalents may be Substituted for elements thereof 
without departing from the true Scope of the invention. In 
addition, many modifications may be made to adapt a 
particular situation or material to the teachings of the 
invention without departing from the central Scope thereof. 
Therefore, it is intended that this invention not be limited to 
the particular embodiment disclosed as the best mode con 
templated for carrying out the invention, but that the inven 
tion will include all embodiments falling within the scope of 
the appended claims. 

1. A reading method for performing program verify, erase 
Verify, and over-erase-correction Verify modes of operations 
on a Selected memory core cell in an array of Flash 
EEPROM memory core cells, said method comprising the 
Steps of 

applying a fixed control gate bias Voltage to the control 
gate of a core cell transistor whose State is to be verified 
for generating a core cell drain current; 

applying varied control gate bias Voltages to the control 
gate of a Single reference cell transistor for generating 
different reference currents corresponding to predeter 
mined modes of operations, and 
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comparing a Sensed Voltage corresponding to the core cell 
drain current and a references Voltage corresponding to 
one of Said different reference currents and generating 
an output signal which is at a high logic when Said 
Sensed Voltage is less than Said reference Voltage and 
which is at a low logic level when Said Sensed Voltage 
is higher than Said reference Voltage. 

2. A reading method for performing program Verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 1, further comprising the Step of providing 
reference bias generator means for generating the varied 
control gate bias Voltages which are applied to the control 
gate of the Single reference cell transistor for generating the 
different reference currents corresponding to the predeter 
mined modes of operation. 

3. A reading method for performing program Verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 2, wherein a first one of the varied control 
gate bias Voltages corresponds to the program verify mode 
of operation. 

4. A reading method for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 3, wherein a Second one of the varied 
control gate bias Voltages corresponds to the erase verify 
mode of operation. 

5. A reading method for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 4, wherein a third one of the varied control 
gate bias Voltages corresponds to the over-erase-correction 
mode of operation. 

6. A reading method for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 1, wherein Said reference cell transistor has 
its threshold Voltage programmed to be Substantially equal 
to a neutral threshold Voltage So as to be very stable. 

7. A reading method for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 1, wherein the Step of comparing includes 
receiving Sensed Voltage on an inverting input of a high gain 
amplifier, receiving Said reference Voltage on a non-invert 
ing input of the high gain amplifier, and generating Said 
output signal on an output of the high gain amplifier. 

8. A reading circuit for performing program verify, erase 
Verify, and over-erase-correction verify modes of operations 
on a Selected memory core cell in an array of Flash 
EEPROM memory core cells, said circuit comprising: 
means for generating a fixed control gate bias Voltage to 

be applied to the control gate of a core cell transistor 
whose State is to be verified for generating a core cell 
drain current; 

means for generating varied control gate bias Voltages to 
be applied to the control gate of a Single reference cell 
transistor for generating different reference currents 
corresponding to predetermined modes of operations, 
and 

means for comparing a Sensed Voltage corresponding to 
the core cell drain current and a references Voltage 
corresponding to one of Said different reference cur 
rents and for generating an output signal which is at a 
high logic when Said Sensed Voltage is less than Said 
reference Voltage and which is at a low logic level when 
Said Sensed Voltage is higher than Said reference Volt 
age. 
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9. A reading circuit for performing program Verify, erase 
Verify, and over-erase-correction modes of operations, as 
claimed in claim 8, wherein Said means for generating the 
varied control gate bias Voltages includes reference bias 
generator means. 

10. A reading circuit for performing program verify, erase 
Verify, and over-erase-correction modes of operations, as 
claimed in claim 9, wherein a first one of the varied control 
gate bias Voltages corresponds to the program Verify mode 
of operation. 

11. A reading circuit for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 10, wherein a Second one of the varied 
control gate bias Voltages corresponds to the erase Verify 
mode of operation. 

12. A reading circuit for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 11, wherein a third one of the varied control 
gate bias Voltages corresponds to the over-erase-correction 
mode of operation. 

13. A reading circuit for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 8, wherein Said reference cell transistor has 
its threshold Voltage programmed to be Substantially equal 
to a neutral threshold Voltage So as to be very stable. 

14. A reading circuit for performing program verify, erase 
Verify, and over-erase-correction modes of operations as 
claimed in claim 8, wherein Said comparing means includes 
a high gain amplifier having an inverting input for receiving 
Said Sensed Voltage, a non-inverting input for receiving Said 
reference Voltage, and an output for providing said output 
Signal. 

15. A reading method for performing program verify, 
erase Verify, and over-erase-correction verify modes of 
operations on a Selected memory core cell in an array of 
Flash EEPROM memory core cells, said method comprising 
the Steps of: 

applying a fixed control gate bias Voltage to the control 
gate of a core cell transistor whose State is to be verified 
for generating a core cell drain current; 

generating different reference currents corresponding to 
predetermined modes of operations from a current 
Source; and 

comparing the core cell drain current and one of Said 
different reference currents and generating an output 
Signal which is at a high logic when the core cell drain 
current is higher than Said one of Said different refer 
ence currents and which is at a low logic level when the 
core cell drain current is lower than Said one of Said 
different reference currents. 

16. A reading method for performing program verify, 
erase verify, and over-erase-correction modes of operations 
as claimed in claim 15, further comprising the Step of 
providing current Source circuit means for generating the 
different reference currents corresponding to the predeter 
mined modes of operation. 

17. A reading method for performing program verify, 
erase verify, and over-erase-correction modes of operations 
as claimed in claim 15, wherein a first one of said different 
reference currents corresponds to the program Verify mode 
of operation. 

18. A reading method for performing program verify, 
erase verify, and over-erase-correction modes of operations 
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as claimed in claim 15, wherein a Second one of Said 
different reference currents corresponds to the erase verify 
mode of operation. 

19. A reading method for performing program verify, 
erase verify, and over-erase-correction modes of operations 
as claimed in claim 15, wherein a third one of Said different 
reference currents corresponds to the over-erase-correction 
mode of operation. 
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20. A reading method for performing program verify, 
erase verify, and over-erase-correction modes of operations 
as claimed in claim 15, wherein Said different reference 
currents from Said current Source is controlled by a plurality 
of resistors whose values are pre-Set So as to be very stable. 


