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(57) ABSTRACT 

Anon-volatile memory (30) comprises nanocrystal memory 
cells (50, 51, 53). The program and erase threshold voltage 
of the memory cell transistors (50, 51, 53) increase as a 
function of the number of program/erase operations. During 
a read operation, a reference transistor (46) provides a 
reference current for comparing With a cell current. The 
reference transistor (46) is made from a process similar to 
that used to make the memory cell transistors (50, 51, 53), 
except that the reference transistor (46) does not include 
nanocrystals. By using a similar process to make both the 
reference transistor (46) and the memory cell transistors (50, 
51, 53), a threshold voltage of the reference transistor (46) 
Will track the threshold voltage shift of the memory cell 
transistor (50, 51, 53). A read control circuit (42) is provided 
to bias the gate of the reference transistor (46). The read 
control circuit (42) senses a drain current of the reference 
transistor (46) and adjusts the gate bias voltage to maintain 
the reference current at a substantially constant value rela 
tive to the cell current. 
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VARIABLE GATE BIAS FOR A REFERENCE 
TRANSISTOR IN A NON-VOLATILE MEMORY 

RELATED APPLICATION 

[0001] This application is related to United States patent 
application attorney docket number SC11858TP, entitled 
“Non-Volatile Memory Having A Reference Transistor And 
Method For Forming” ?led concurrently hereWith by Chin 
dalore et al., and assigned to the assignee hereof. 

FIELD OF THE INVENTION 

[0002] This invention relates to integrated circuit memo 
ries, and more particularly to establishing a variable gate 
bias for a reference transistor in a non-volatile memory. 

BACKGROUND OF THE INVENTION 

[0003] In a typical non-volatile memory having ?oating 
gate transistors, such as ?ash memory, a bit is programmed 
by changing a threshold voltage of a selected ?oating gate 
memory cell. An unprogrammed, or erased, cell Will have a 
different threshold voltage than a programmed cell. A read 
operation is used to determine the programmed state of the 
?oating gate memory cell and is performed by applying a 
predetermined voltage to a gate of the selected memory cell 
While a source terminal of the cell is coupled to a predeter 
mined voltage, such as for example, ground. A resulting 
drain current is compared to a reference current in a sense 
ampli?er to determine the programmed state. For eXample, 
if the cell current is greater than the reference current, then 
the cell may be considered to be in an erased state. 

[0004] Likewise, if the cell current is less than the refer 
ence current, then the cell may be considered to be in a 
programmed state. The reference voltage, or current, is 
generally established to be about half Way betWeen a logic 
high voltage and a logic loW voltage of the memory cells. 

[0005] Several techniques have been used in the past to 
generate the reference voltage for memories that use voltage 
sensing. One technique used to generate the reference volt 
age depends on the use of “dummy cells”. A dummy cell is 
manufactured using the same process technology as the 
normal cells of a memory array in order to model the 
behavior of the normal cells as closely as possible. HoWever, 
the dummy cell Will be physically smaller to generate a 
reference voltage that is betWeen a logic high voltage and a 
logic loW voltage for the cell. The problem With this 
technique is that reducing geometries of the cells produces 
process problems in keeping the time-current ratio of the 
dummy cell to normal cell constant. 

[0006] Also, a dummy cell that is the same siZe as a 
normal cell can be used. HoWever, a voltage divider is used 
to provide a reduced gate voltage to the normal siZed cell. 

[0007] Another technique is to connect normal siZed 
dummy cells in series or parallel combinations. One of the 
cells Will be programmed to read a “Zero” state and the other 
programmed to read a “one” logic state to produce the 
required reference voltage. HoWever, this technique may 
create errors due to the non-linearity of the resistance With 
voltage. 
[0008] Yet another technique involves the use of current 
mirrors to establish the reference voltage. HoWever, current 
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mirrors sometimes do not produce the desired current With 
an acceptable degree of accuracy. 

[0009] A nanocrystal memory uses nanocrystals embed 
ded in an insulator such as oXide as the charge storage 
medium. In a nanocrystal memory that employs hot carrier 
injection for programming and channel erase for erasing, it 
has been found that electrons tend to be trapped in the 
interface betWeen the top oXide and the bottom tunnel oXide 
in areas betWeen the nanocrystals. These electrons cannot be 
removed even With extended erase times and/or very high 
erase voltages. As a result of this trapping of electrons, the 
erased threshold voltage and the programmed threshold 
voltage both tend to increase With the cumulative number of 
program/erase operations. This creates a problem When 
choosing a reference voltage for a read operation. If the 
reference voltage is too high, the gate oXide may be dam 
aged and read speed Will be degraded. HoWever, if the 
reference voltage is chosen to be too loW, the read margins 
Will suffer. 

[0010] Therefore, there is a need for a circuit that can 
generate an accurate reference voltage in a nanocrystal 
memory cell that maintains speed and read margins through 
out the life of the memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The foregoing and further and more speci?c objects 
and advantages of the instant invention Will become readily 
apparent to those skilled in the art from the folloWing 
detailed description of a preferred embodiment thereof taken 
in conjunction With the folloWing draWings: 

[0012] FIG. 1 is a graph for illustrating a constant read 
reference voltage and the program/erase threshold voltages 
of a nanocrystal memory as a function of the number of 
program/erase cycles. 

[0013] FIG. 2 is a graph for illustrating a variable read 
reference voltage and the program/erase threshold voltages 
of a nanocrystal memory as a function of the number of 
program/erase cycles. 

[0014] FIG. 3 illustrates a non-volatile memory in accor 
dance With the present invention. 

[0015] FIG. 4 illustrates the read control circuit of the 
memory of FIG. 3 in more detail. 

[0016] FIG. 5 illustrates the memory array of the memory 
of FIG. 3 in more detail. 

[0017] FIG. 6-FIG. 11 illustrate a method for making a 
nanocrystal memory array and a reference cell in accordance 
With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0018] Generally, the present invention provides a non 
volatile memory Where the non-volatile memory cells com 
prise transistors having nanoclusters, or nanocrystals. The 
program and erase threshold voltages of the memory cell 
transistors increase as a function of the number of program/ 
erase operations due to electron trapping. Adata value stored 
in a selected memory cell is determined by comparing a cell 
current to a reference current. A reference transistor is used 
to provide the reference current. The reference transistor is 
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made from a process similar to the one used to make the 
memory cell transistors, except that the reference transistor 
does not use nanoclusters. By using a similar process to 
make both the reference transistor and the memory cell 
transistors, a threshold voltage of the reference transistor 
Will track the increasing memory cell transistor threshold 
voltage. Aread control circuit is provided to bias the gate of 
the reference transistor. The read control circuit senses a 
drain current of the reference transistor and adjusts a gate 
bias, or voltage of the reference transistor to maintain the 
reference current at a substantially constant value relative to 
the cell current. 

[0019] FIG. 1 is a graph 10 for illustrating hoW an erase 
threshold voltage 12 and a program threshold voltage 14 of 
a nanocrystal memory increase With the number of program/ 
erase cycles. In FIG. 1, a constant read reference cell gate 
voltage 16 is chosen to provide at least a minimum required 
margin 18 throughout the predicted life of the memory. 
HoWever, a relatively high constant read reference cell gate 
voltage 16 may cause the gate oXide to be over stressed. In 
addition, a higher reference cell gate voltage 16 may reduce 
the operating speed of the memory. Furthermore, a charge 
pump may be necessary to provide the relatively high gate 
voltage, Which can require a signi?cant percentage of an 
integrated circuit to implement. 

[0020] FIG. 2 is a graph 20 for illustrating an erase 
threshold voltage 22 and a program threshold voltage 24 of 
a nanocrystal memory versus the number of program/erase 
cycles. Athreshold voltage of a read reference cell tracks the 
program/erase threshold voltage of the normal memory 
cells. As the program/erase threshold voltage changes With 
the number of program/erase cycles, a variable read refer 
ence cell gate voltage 26 changes, thus maintaining an 
optimum voltage margin 28 betWeen the program threshold 
voltage and the erase threshold voltage. 

[0021] FIG. 3 illustrates a non-volatile memory 30 in 
accordance With the present invention. Memory 30 includes 
memory array 32, column decoder 34, roW decoder 36, 
control block 38, and a read control circuit 41. Read control 
circuit 41 includes reference circuit 42, sense ampli?er 40, 
and data output buffer 44, and is shoWn in more detail in 
FIG. 4. Memory 32 is an array of programmable non 
volatile memory cells coupled to bit lines and Word lines and 
is shoWn in more detail in FIG. 5. RoW decoder 36 and 
column decoder 34 select one or more of the memory cells 
to be accessed in response to a plurality of address signals 
(not shoWn). Control block 38 provides control signals to 
control the operation of various portions of memory 30. For 
eXample, control block 38 provides a plurality of control 
signals to memory array 32 for controlling the application of 
some of the voltages necessary for programming, erasing, 
and reading the memory cells. Also, control block 38 
provides control signals to roW decoder 36 and column 
decoder 34 for controlling the timing of the address signals. 
In addition, control block 38 provides a read enable signal 
labeled “RE” to control the operation of reference circuit 42. 

[0022] Reference circuit 42 provides a control signal 49 to 
roW decoder 36, and provides a reference current to one 
input of sense ampli?er 40. Asecond input of sense ampli?er 
40 is coupled to column decoder 34 for receiving a memory 
cell current from a selected memory cell. An output voltage 
representative of a logic state, or data value, stored in the 
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selected memory cell is provided by sense ampli?er 40 to 
output data buffer 44. Data buffer 44 then buffers and further 
ampli?es the output voltage and provides a data signal 
labeled “OUTPUT”. Also included in memory 30 but not 
shoWn is an input data path for receiving data to be pro 
grammed into memory array 32. The input data path com 
ponents are conventional for a non-volatile memory and a 
functional description of their operation is not necessary for 
purposes of describing the present invention. 

[0023] FIG. 4 illustrates the read control circuit 41 of the 
memory of FIG. 3 in more detail. Read control circuit 41 
includes reference circuit 42, reference transistor 46, roW 
select transistor 52, memory cell 50, column select transistor 
54, sense ampli?er 40, and data output buffer 44. 

[0024] Generally, memory array 32 includes a plurality of 
non-volatile memory cells that store information in response 
to changing a threshold voltage of the cell. Speci?cally, in 
the illustrated embodiment, memory array 32 includes a 
plurality of nanocrystal memory cells. Reference transistor 
46 is fabricated to be the same as the memory cells of 
memory array 32, eXcept that reference transistor 46 does 
not include the nanocrystals for storing information. Refer 
ence transistor 46 has a gate for receiving a reference voltage 
labeled “VREF”, a source terminal for receiving a source 
voltage labeled “VSR”, and a drain coupled to an input of 
sense ampli?er 40. Memory cell 50 has a gate coupled to a 
drain/source terminal of roW select transistor 52, a source 
terminal for receiving a source voltage labeled “VSC”, and 
a drain coupled to a drain/source terminal of column select 
transistor 54. The method for making memory array 32 and 
reference transistor 46 Will be described in detail in the 
discussion of FIG. 6 through FIG. 11. 

[0025] In order for the threshold voltage of reference 
transistor 46 to track the threshold voltage of memory array 
32, reference transistor 46 Will be cycled each time memory 
array 32 is cycled. That is, reference transistor 46 Will 
receive the same program or erase voltage as memory array 
32, and for the same length of time, each time memory array 
32 is programmed or erased. Because transistor 46 is made 
using the same process steps as a normal memory cell, as 
described beloW, charge Will be trapped at the interface 
betWeen a top oXide and a bottom tunnel oXide that cannot 
be removed. The threshold voltage Will change as the 
threshold voltage of the memory cells change in response to 
the number of program/erase cycles. The actual program and 
erase operations implemented in memory 30 are conven 
tional, and are not important for describing the present 
invention, and Will therefore not be described further. 

[0026] During a read operation, a predetermined memory 
cell is selected to provide a current to one input of sense 
ampli?er 40. In response to an address, a roW select signal 
labeled “RS” is provided to the gate of a coupling transistor 
52 and a column select signal labeled “CS” is provided to the 
gate of a coupling transistor 54. In response to a control 
signal labeled “RE”, a reference voltage labeled “VREF” is 
provided to the gate of reference transistor 46 and a gate 
voltage “VCELL” is provided to the gate of a selected 
memory cell, for eXample, memory cell 50. Source voltages 
VSc and VSR are both at ground potential. The reference 
current iREF is provided to one input of sense ampli?er 40, 
and the cell current iCELL is provided to the other input of 
sense ampli?er 40. Sense ampli?er 40 is a current sensing 
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type of sense ampli?er. Current sensing is typically used 
When the voltage difference betWeen a logic high and a logic 
loW cell voltage is relatively small. If cell current iCELL is 
greater than reference current iREF, then memory cell 50 has 
a loW threshold voltage and is in the erased state. HoWever, 
if cell current iCELL is loWer than reference current iREF, then 
memory cell 50 has a high threshold voltage and is in the 
programmed state. In other non-volatile memories, a high 
threshold voltage may indicate an erased state and a loW 
threshold voltage may indicate an erased state. Sense ampli 
?er Will provide an output voltage corresponding to the 
sensed state of the memory cell 50 to data output buffer 44. 
Data output buffer 44 Will provide buffered output voltage 
OUTPUT to a circuit external to memory 30 (not shoWn). 

[0027] As shoWn in FIG. 1 and FIG. 2, as the number of 
program and erase operations increase, the program and 
erase threshold voltage of the memory cells increase. 
Because reference transistor 46 is undergoing the same the 
program and erase operations as memory array 32, its 
threshold voltage Will also increase, causing reference cur 
rent iREF to decrease by a corresponding amount. During a 
read operation, reference current iREF is fed back to voltage 
control circuit 48. Voltage control 48 Will adjust the gate 
voltage VREF of reference transistor 46 and cell voltage 
VCEJl as a function of the decreasing reference current. The 
resulting cell voltage VCELL increases over time as the 
memory is programmed and erased, as illustrated in FIG. 2. 

[0028] The use of a variable reference gate voltage in 
accordance With the present invention provides an accurate 
reference current in a nanocrystal memory cell that tracks 
the changing cell threshold voltages. This provides a nanoc 
rystal memory that operates With optimum read margins 
throughout the life of the memory and maintains access 
speed. 
[0029] FIG. 5 illustrates memory array 32 of the memory 
of FIG. 3 in more detail. Memory array 32 includes four 
representative nanocrystal memory cells 50, 56, 58, and 60. 
Memory array 32 is organiZed in roWs and columns. For 
eXample, memory cells 50 and 58 form one “column” of 
memory cells and memory cells 50 and 56 form one “roW” 
of memory cells. All of the cells in a roW are coupled 
together to receive cell gate voltage VCELL, and all of the 
drain terminals of a column of cells are connected together. 
Also, all of the ?oating gate transistors of memory array 32 
have their source terminals connected together (common 
source) to receive source voltage VSC. One memory cell is 
selected in response to an address to provide the cell current 
iCELL to sense ampli?er 40 during a read operation as 
described above. 

[0030] FIG. 6-FIG. 11 illustrate, in cross-sectional vieWs, 
a method for making the nanocrystal memory array 32 and 
the reference cell 46 in an integrated circuit 62 in accordance 
With the present invention. 

[0031] In FIG. 6, a memory array Well 66 and a reference 
cell Well 68 are implanted in a predetermined area of 
semiconductor substrate 64. The memory array Well 66 is 
formed to have a ?rst predetermined doping concentration 
and the reference cell Well 68 is formed to have a second 
predetermined doping concentration. The ?rst and second 
doping concentrations may be the same or different. The 
choice of second predetermined doping concentration is 
determined by the natural threshold voltage value that is 
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desired for the reference cell. In typical circuits, both the 
memory array Well 66 and the reference cell Well 68 are 
formed at the same time so that both the reference cell and 
the memory array cells have the same natural threshold 
voltage.17Typical values for the doping concentration is 
5-10><10 cm-3 Which results in natural threshold voltage in 
the range of 2-3V for the oXide stack described in this 
invention. 

[0032] Other circuitry 70 may be formed in other areas of 
the substrate. The other circuitry 70 may include the periph 
eral circuits of memory 30, such as decoders or sense 
ampli?ers, or other circuits such as a microprocessor core or 
random logic that may, or may not, communicate With the 
memory 30. A ?rst dielectric layer 72 is formed over the 
substrate. In the illustrated embodiment, the ?rst dielectric 
layer is formed by thermally groWing silicon dioxide on the 
surface of substrate 64 to a thickness of about 50 angstroms. 
A storage material layer 76 is formed over ?rst dielectric 
layer 72. In the illustrated embodiment, storage material 
layer 76 comprises nanocrystals or nanoclusters. The nanoc 
rystals or nanoclusters are very small silicon dots for storing 
charge in the memory cells of the array. In another embodi 
ment, the dots may be formed from nitride or germanium. In 
addition, the dots may be formed from any metal such as 
Silver, Platinum, Gold, Tungsten or Tantalum. The dots are 
spaced apart at least on some regions so as to not be in direct 
contact With each other. A second dielectric layer 74 is 
formed overlying and surrounding the storage material layer 
76. Second dielectric layer 74 is formed from high tempera 
ture oXide and deposited to a thickness of about 100 ang 
stroms. A ?rst barrier layer 78 is formed over the second 
dielectric layer 74. Barrier layer 78 is deposited nitride 
having a thickness of about 75 angstroms. Barrier layer 78 
functions as a hardmask for subsequent processing steps and 
Will be completely removed later. A layer of patterned 
photoresist 79 is deposited over ?rst barrier layer 78 and 
patterned as shoWn in FIG. 6. 

[0033] As illustrated in FIG. 7, ?rst barrier layer 78, 
dielectric layers 74 and 72 and storage material layer 76 are 
removed from all areas eXcept above memory array Well 66. 
Photo resist 79 is then removed. 

[0034] FIG. 8 illustrates the steps of forming a third 
dielectric layer 80 over substrate 64 and over ?rst barrier 
layer 78. A fourth dielectric layer 82 is formed over third 
dielectric layer 80. A second barrier layer 84 is formed over 
the fourth dielectric layer 82. The thickness of the third 
dielectric layer 80 and that of the fourth dielectric layer 82 
can be made same as the ?rst dielectric layer 72 and the 
second dielectric layer 74, respectively. HoWever, some 
circuit applications may require that the thickness of the 
third dielectric layer 80 and that of the fourth dielectric layer 
82 be different than that of the ?rst dielectric layer 72 and the 
second dielectric layer 74. Using the combination of doping 
concentration in reference cell Well 68 and the thickness of 
the third dielectric layer 80 and that of the fourth dielectric 
layer 82, the natural threshold voltage of the reference 
transistor 46 (in FIG. 10) can be made the same or different 
than that of the memory array transistors. 

[0035] As illustrated in FIG. 9, the second barrier layer 
84, the third dielectric layer 80, and the fourth dielectric 
layer 82 are removed from the integrated circuit 62 from 
everyWhere eXcept overlying the reference transistor Well 
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68. The ?rst barrier layer 78 over the memory array Well 66 
and the second barrier layer 84 over the reference transistor 
Well remain. Any other thermal oxidation of the substrate as 
required for forming elements of the other circuitry 70 is 
carried out prior to removing the ?rst and second barrier 
layers FIG. 10 illustrates the step of removing the second 
barrier layer 84 and the ?rst barrier layer 78. 

[0036] FIG. 11 is provided to illustrate that a conductive 
gate material 86 is deposited over the second dielectric layer 
74 and the fourth dielectric layer 82. The gate material 86 
may be polysilicon or a metal such as aluminum or copper. 
A masking operation is used to selectively remove gate 
material 86, dielectric layer 74, storage material layer 76 and 
?rst dielectric layer 72 to de?ne gate stacks of transistors for 
memory cells 50, 51, and 53 of the array, and to de?ne a gate 
stack for reference transistor 46. Source/drain regions 88 are 
then diffused into substrate 64. Note that the thickness of the 
gate stack of the reference transistor 46 may be different 
from the thickness of the gate stack of the memory cells. 
Also, in the interest of brevity and clarity, other normal 
processing steps are not shoWn. For eXample, sideWall 
spacers are typically formed on the sides of the gate stacks 
but are not shoWn. 

[0037] Various changes and modi?cations to the embodi 
ments herein chosen for purposes of illustration Will readily 
occur to those skilled in the art. For eXample, variations in 
the types of conductivities of transistors, the types of tran 
sistors, etc. may be readily made. To the eXtent that such 
modi?cations and variations do not depart from the scope of 
the invention, they are intended to be included Within the 
scope thereof, Which is assessed only by a fair interpretation 
of the folloWing claims. 

What is claimed is: 
1. A memory comprising: 

an array of memory cells formed in roWs and columns; 

a sense ampli?er coupled to the array of memory cells, the 
sense ampli?er having a ?rst input for receiving a 
current corresponding to a data value from one of the 
memory cells, a second input for receiving a predeter 
mined reference current and an output for providing an 
output data value When the memory is read; and 

read control circuitry coupled to the second input of the 
sense ampli?er, the read control circuitry having a 
reference transistor for providing the predetermined 
reference current in response to a reference voltage, the 
read control circuitry varying the reference voltage in a 
manner to maintain the predetermined reference cur 
rent at a substantially constant value. 

2. The memory of claim 1 Wherein the array of memory 
cells is comprised of transistors having nanoclusters and the 
reference transistor is comprised of a transistor that does not 
have nanoclusters. 

3. The memory of claim 2 Wherein the nanoclusters 
further comprise silicon nanocrystals. 

4. The memory of claim 3 Wherein the read control 
circuitry has an input coupled to the second input of the 
sense ampli?er for biasing the reference transistor in 
response to variation of the reference current caused by 
numerous program and erase cycles. 

5. The memory of claim 1 Wherein the current corre 
sponding to the data value provided by the array of memory 
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cells varies as a function of a number of program and erase 
cycles of the memory, and the reference transistor is pro 
grammed and erased a same number of times as the array of 
memory cells. 

6. The memory of claim 5 Wherein the read control 
circuitry further provides a ?rst control signal and a second 
control signal as values that respectively apply a substan 
tially same gate voltage to the reference transistor and an 
addressed memory cell of the array of memory cells in 
response to receiving a read enable signal. 

7. The memory of claim 6 Wherein the read control 
circuitry makes the gate voltage of the reference transistor 
and the addressed memory cell of the array of memory cells 
to be different values in response to the read enable signal 
not being asserted. 

8. The memory of claim 1 Wherein the read control 
circuitry further comprises a ?rst control signal for control 
ling a value of the reference voltage and a second control 
signal for controlling a value of a read voltage applied to the 
array of memory cells. 

9. A method for eXtending operating life of a memory 
comprising: 

providing an array of memory cells formed in roWs and 

columns; 

coupling a sense ampli?er to the array of memory cells, 
the sense ampli?er having a ?rst input for receiving a 
current corresponding to a data value from one of the 
memory cells, a second input for receiving a predeter 
mined reference current and an output for providing an 
output data value When the memory is read; and 

coupling read control circuitry to the second input of the 
sense ampli?er, the read control circuitry having a 
reference transistor for providing the predetermined 
reference current in response to a reference voltage, the 
read control circuitry varying the reference voltage in a 
manner to maintain the predetermined reference cur 
rent at a substantially constant value. 

10. The method of claim 8 further comprising implement 
ing the array of memory cells With transistors having nano 
clusters and implementing the reference transistor With a 
transistor that does not have nanoclusters. 

11. The method of claim 8 further comprising varying the 
current corresponding to the data value provided by the 
array of memory cells as a function of a number of program 
and erase cycles of the memory and programming the 
reference transistor erasing the reference transistor a same 
number of times as the array of memory cells. 

12. The method of claim 8 further comprising biasing the 
reference transistor in response to variation of the reference 
current caused by numerous program and erase cycles. 

13. The memory of claim 8 further comprising controlling 
a value of the reference voltage and controlling a value of a 
read voltage applied to the array of memory cells. 

14. The memory of claim 8 further comprising applying 
a substantially same gate voltage to the reference transistor 
and an addressed memory cell of the array of memory cells 
in response to receiving a read enable signal. 

15. The memory of claim 8 further comprising making a 
gate voltage of the reference transistor and the addressed one 
of the array of memory cells to be different values in 
response to the read enable signal not being asserted. 
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16. A memory comprising: 

an array of memory cells formed in roWs and columns; 

sense ampli?er means coupled to the array of memory 
cells, the sense ampli?er means having a ?rst input for 
receiving a current corresponding to a data value from 
one of the memory cells, a second input for receiving 
a predetermined reference current and an output for 
providing an output data value When the memory is 
read; and 

read control circuitry means coupled to the second input 
of the sense ampli?er means, the read control circuitry 
means having a reference transistor for providing the 
predetermined reference current in response to a refer 
ence voltage, the reference transistor having a threshold 
voltage that varies to a number of times the reference 
transistor is biased, the read control circuitry means 
varying the reference voltage in a manner to maintain 
the predetermined reference current at a substantially 
constant value. 
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17. The memory of claim 16 Wherein the read control 
circuitry means has an input coupled to the second input of 
the sense ampli?er for biasing the reference transistor in 
response to variation of the reference current caused by 
numerous program and erase cycles. 

18. The memory of claim 16 Wherein the current corre 
sponding to the data value provided by the array of memory 
cells varies as a function of a number of program and erase 

cycles of the memory, and the reference transistor is pro 
grammed and erased a same number of times as the array of 
memory cells. 

19. The memory of claim 16 Wherein the read control 
circuitry means further provide a ?rst control signal and a 
second control signal as values that respectively apply a 
substantially same gate voltage to the reference transistor 
and an addressed one of the array of memory cells in 
response to receiving a read enable signal. 


