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Bitline Current Generator for a Non-Volatile Memory Array

and a Non-Volatile Memory Array

Field of the Invention:

The present invention relates to a bitline current
generator for a non-volatile memory array and more
particularly to an improved program setpoint technique for a

programmable non-volatile memory device.

Background of the Invention:

Non-volatile memory (NVM) is the general term used to
describe the type of memory that retains its data even when
power is turned off, and this sort of memory is typically
used to store data that must not be lost when a device
incorporating the memory looses power. Such devices include
computers, CD-ROMs, mobile phones, digital cameras, compact
flash cards, mp3 players and Micro-Controller Units (MCUs)
from the automotive, aeroc and other industries.

Types of non-volatile memory include Read Only Memory
(ROM) , Electrically Programmable Read Only Memory (EPROM),
Electrically Erasable and Programmable Read Only Memory
(EEPROM) , Flash EEPROMs, Non-Volatile Static Random Access
Memory (NVSRAM), Ferroelectric Random Access Memory (FeRAM),
and the like.

Whilst some non-volatile memory is purely "read only",
with the "programming" being done by hard-coding the data
during the memory fabrication process, other types are
programmed electrically post-fabrication.

One type of programmable non-volatile memory the
present invention relates to is Electrically Erasable and
Programmable Read Only Memory (EEPROM), however the

invention may equally be applied to other non-volatile
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memory types listed above. Electrically Erasable and
Programmable Read Only Memory (EEPROM) can be split into two
sub types: byte erasable and Flash EEPROM. As the name
suggests, the byte erasable type can be erased and written
in byte size chunks, whilst flash memory is written in byte
(or larger) sized chunks, but is erased in sections (which
are multiple bytes in size). The size of the sections erased
in flash memory is part specific, and can be anywhere in
size from meaning the entire memory array of the device to.
only a sub-portion, or sector, comprising a small number of
individual bytes.

EEPROMs store information by storing charge on an
insulated piece of gemiconductor material, known as the
floating gate. Typically, the insulating material is a layer
of Silicon Dioxide. As is known in the art, this charge is
moved onto the insulated material forming the memory cell by
either Hot Carrier Injection (HCI) or Fowler-Nordheim
Tunnelling (FNT). Each individual memory cell can store a
single bit of information, thus they are often referred to
as bitcells.

Briefly, Hot Carrier Injection (via either Hot holes,
i.e. positive charges, or Hot electrons, i.e. negative
charges) works by applying a large voltage bias across the
channel of the bitcell, resulting in the "heating", i.e.
energy injection, of the carriers within the channel, which
provides some of them with enough energy to surmount the
silicon dioxide energy barrier, and thus are "injected" into
the insulated material.

Meanwhile, Fowler-Nordheim tunnelling works by applying
a high electric field between the gate of the bitcell and
either the source or drain. Assuming the field is high

enough, this high electric field lowers the height of the
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energy barrier of the silicon dioxide layer and thus allows
electrons to "tunnel" across the insulated material and onto
the floating gate forming the bitcell.

While either Hot Carrier Injection or Fowler-Nordheim
Tunnelling may be used to move charge onto the insulated
floating gate of the bitcell, charge may only be removed
from the insulated floating gate by Fowler-Nordheim
tunnelling. When using Fowler-Nordheim tunnelling to remove
charge from the floating gate, opposite bias conditions need
to be applied.

The movement of the charge onto or off the floating
gate is known as "programming" (of the bitcell). However,
"programming" does not in itself refer to a particular data
state of the bitcell (1 or 0), because due to possible
logical inversion at the output from the core memory array
and/or the output to the data bus, the programmed state may
correspond to either a logic 1 or 0. For this reason, in the
following description it will be assumed that "programmed”
means that charge has been stored on the floating gate,
whilst "unprogrammed" means that little or no charge is
stored in the floating gate.

As is known in the art, the above described physical
methods used to program the bitcells are carried out by
biagsing the terminals of the bitcell to be programmed (or
read, or erased) with the correct voltages.

Since, in a typical memory array, there are multiple
bitcells connected to the same bitlines, wordlines and
gsourcelines, problems can occur if the applied voltages and
currents are not perfectly matched to the requirements of
the bitcell being programmed. In other words, applying
incorrect voltages and currents to the array can result in

unintentional erasure or programming of the other bitcells
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not currently being programmed. These arise during
programming and erasging, and are commonly referred to as
disturbs.

In the case of flash memory, the array gets erased on an
erase sector granularity (an erase sector being a predefined
number of bitcells), however bitcells may be programmed on a
bit by bit basis. Therefore, there are two types of
unintended disturbs that may occur on erased bitcells,
during the intended programming of another bitcell in the
same high voltage sector:

1. Row disturb - occurs on bitcells sharing the same
wordline but on a different bitline to the intended target
bitcell. The Vgs (i.e. the voltage across the gate and
source of the transistor forming the bitcell) of those
bitcells is characterised as (Vpwl - (unselected bitline
voltage)), where Vpwl is the voltage applied to the selected
wordline during programming. In order to avoid row disturb,
the Vgs should be negative enough to avoid generation of hot
electrons in the channel of the unselected bitcell. This is
called maintaining a row disturb margin.

2. Bitline disturb - occurs on bitcells sharing the same
bitline but on a different wordline to the intended target
bitcell (but in the game high voltage sector). This disturb
mechanism is only applicable if the high voltage sector is
bigger than a single wordline. The Vgs of those cells is (0V
- (selected bitline voltage)). Similarly, in order to avoid
bitline disturb, this Vgs must be negative enough to avoid
the generation of hot electrons in the channel. It also has
to be ensured that selected bitlines will never reach
potentials too low to create such a disturb, but they need
to be driven low enough to allow proper programming of the

bitcells intended to be programmed.
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It is desirable to provide an improved means for

programming a non-volatile memory array

Summary of Invention

The presgent invention provides a bitline current
generator for a non-volatile array as set out in the

accompanying claims.

Brief description of the Drawings:

A bitline current generator for a non-volatile memory
array 1in accordance with the invention will now be
described, by way of example only, with reference to the
accompanying drawings in which:

Fig 1. shows a side view schematic of a typical 1.5
transistor split gate memory bitcell, exemplary of the type
suitable for use with the present invention.

Fig 2. shows the electrical schematic of the 1.5
transistor memory bitcell of Fig. 1.

Fig. 3 is a schematic diagram showing four bitcells of
Fig. 1 arranged in the typical array configuration, suitable
for use with the present invention.

Fig. 4 is a schematic diagram showing an example of the
voltage bias conditions applied to the array of Fig. 3
during erase of the top row of bitcells.

Fig. 5 i1s a schematic diagram showing an example of the
voltage bias conditions applied to the array of Fig. 3
during programming of the top left bitcell in the array.

Fig. 6 is a schematic diagram showing an example of the
voltage bias conditions applied to the array of Fig. 3
during read of the top left Dbitcell in the array.

Fig. 7 is a schematic diagram showing a current

generator scheme according to the prior art.
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Fig. 8 is a schematic diagram showing the relationship
between the available programming current, Ipreg, and the
bitline voltage, Vpitline, ©f the circuit of Fig. 7 according
to the prior art.

Fig. 9 is a schematic diagram showing an embodiment of
the bitline current generator of the present invention.

Fig. 10 is a schematic diagram showing the relationship
between the available programming current, Iprog, and the
bitline voltage, Vbitline, ©f the bitline current generator of
Fig. 9 according to an embodiment of the present invention.

Fig. 11 is a schematic diagram showing an embodiment of
the programmable voltage reference of Fig. 9 in accordance
with a further aspect of the present invention.

Fig. 12 is a schematic diagram showing an embodiment of
a programmable current source of Fig. 9 in accordance with a

further aspect of the present invention.

Specific description

Fig. 1 shows a side view schematic detailing the
construction of an example 1.5-transistor split gate non-
volatile memory bitcell 10, which is typical of the type of
bitcell 10 used in such non-volatile memory devices.
However, the present invention equally applies to other
formsg of bitcells, for example l-transistor bitcells and 2-
transistor bitcells. The actual type of bitcell used only
effects the exact bias conditions required.

The non-volatile memory bitcell 10 comprises a source
2, a drain 3, a control gate 4, a floating gate 5,
insulating material 6, all formed on a silicon substrate 7.
The bitcell 10 is constructed using the typical techniques

known in the art for constructing semiconductors, including
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lithographic technigques, ion implantation and the like. The
insulating material 6 is, for example, silicon dioxide.

Fig. 2 is a typical electrical schematic symbol for the
1.5-transistor bitcell 10 of Fig. 1, which will be used in
the subsequent figures.

Non-volatile memory (NVM) is typically constructed in
the form of an N by M array 100, with N columns and M rows
of bitcells 10, as shown in Fig. 3.

As can be seen from this figure, bitcells 10 in the
same column have their respective drains 3 connected to a
common bitline 30. Meanwhile, bitcells 10 in the same row
have their sources 2 connected to a common sourceline 20 and
their control gates 4 connected to a common wordline 40.

In this way, each column is addressed by a single
bitline 30, and each row is addressed by both a wordline 40
and sourceline 20. Accordingly bitcells 10 are read, erased
or programmed by applying the correct voltage levels to the
respective bitline 30, wordline 40 and sourceline 20 of the
desired bitcell (s) 10.

In standby mode, all bitlines 30, wordlines 40 and
sourcelines 20 are held at their standby voltages, for
example 0V.

In the following description of Erase, Program and Read
operations for an non-volatile memory array 100, an
exemplary portion of an non-volatile memory array 100 is
shown. Since (for a flash device) an erase operation cannot
be divided in to portions smaller than a wordline, both
bitcells 10 in the top row are selected, and are therefore
erased. For Program and Read operations, however, the
selected bitcell 10 (i.e. the bitcell 10 to which the
operation in question is being applied) is the top left

bitcell 10. The remaining bitcells are all unselected. Also
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where, in the example given, only one bitcell 10 is being
operated on, it will be apparent to the person skilled in
the art that multiple locationsg, i.e. a byte or more, can be
operated on at the same time, according to the abilities of
the circuits used to address the bitcells 10 in the memory

array 100.

Erase Operation

Figure 4 shows a portion of an non-volatile memory
array 100 with the correct voltage levels applied for
erasing the top row of bitcells 10. However, in Flash EEPROM
memory in particular, these erasure voltages will be applied
to multiple groups of bitcells 10 forming an erase sector,
or equally the whole array in some cases.

During erase, all bitlines 30 and sourcelines 20 are
grounded, i.e. held at 0V. Unselected wordlines 44 are also
grounded. Meanwhile, all selected wordlines 42 are driven to
the high voltage required for erasure, in this example, the
erasure voltage, Verase, 18 approximately 13.5V.

When the above biag conditions are set, Fowler-Nordheim
Tunnelling between the control gate 4 and the floating gate
5 will reduce the number of electrons on the floating gate
5, thus increasing the potential on the floating gate 5.
After erase operation, the channel above the floating gate 5
will be left in conducting state.

In the case of the exemplary split gate 1.5 transistor
memory cell shown in the examples, there are in fact two
portions of the channel. The first portion is below the
floating gate 5, whilst the second portion is the adjacent
one below the control gate 4. Together they both form the

complete channel.
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While the one below the control gate 4 can be made
conducting or non conducting by the potential applied to the
control gate 4 (and therefore we use this channel to “point”
to the desired bitcells to be read or programmed), the
channel below the floating gate 5 is conducting or non-
conducting due to the amount of charge left on the floating
gate 5. This is the memory part of the bitcell. The
structure is equivalent to two transistors connected in
series. The control gate 4 extends over the floating gate 5
in order for it to be able to erase the floating gate 5 with

a high potential on the control gate 4.

Program Operation

Figure 5 shows the same portion of non-volatile memory
array 100, but with the correct voltage bias levels applied
for programming the top left bitcell 10 instead. '

During program, all sourcelines 20 are driven to the
high voltage required for programming, Vpregram, which in this
example is 10V. In this way, the sourcelines 30 act as the
bitcell transistor's drain. Unselected wordlines 44 are
driven to ground (0V) and unselected bitlines 34 are driven
to logic supply, Viegic; wWhich in this example is 2.7V.

Meanwhile, the selected wordlines 42 are driven to the
wordline programming voltage, Vpwu, which in this example is
set to 2.1V, and the selected bitlines 32 are pulled towards
an end of programming voltage, Veop, which in this example is
set to 0.7V.

By setting the above bias conditions, current is driven
through the bitcell 10, thus generating hot carriers which
can then be moved onto the floating gate 5, to thereby
program the bitcell 10. This will leave the channel above

the floating gate 5 in a non-conducting state.
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Read Operation

Figure 6 shows the bias conditions applied to the same
non-volatile memory array 100 during a read operation on the
top left bitcell 10.

During the read operation, all sourcelines 20 are
grounded (i.e. held at 0V), and any unselected wordlines 44
and bitlines 34 are also grounded. Meanwhile, the selected
wordline 42 is driven to Viegic, and the selected bitline 32
is driven to its read voltage, which in the example given is
0.96V.

The amount of charge stored on the floating gate 5 of a
bitcell 10 effects the turn on voltage of the transistor
forming the bitcell 10. Accordingly, bitcells are "read" by
detecting how much current flows in the bitcell 10 when a
set voltage is applied to the bitcell. The current is
detected using senseamps (not shown in figures). This
current will be discriminated against a threshold to decide
whether the bitcell 10 is in a programmed (non-conducting)
or erased (conducting) state. The bias conditions applied
during program operation are carefully chosen and maintained
guch that only the potential of the floating gate 5 on the
bitcells 10 which are meant to programmed are actually
changed. Any potential erasure of bitcells 10 sitting on the
game wordline 40, or sitting on the same bitline 30 within
the same memory sector (where the programming high voltage
ig applied) will limit the performance or endurance of the
total memory.

Fig. 7 shows a program current generation scheme
according to the prior art for generating a programming
current to be supplied to selected bitcells. In this prior

art scheme, a seed current (Igeea) 15 generated by constant
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seed current source 105, and mirrored by a first, single
input, multiple output current mirror 115. Each of the
multiple outputs are formed by an output transistor (114 to
117) of identical size to the input transistor 113 of the
first current mirror 115. Since the transistors forming this
mirror are identical in size, the currents supplied to the
respective bitlines 30 connected to this mirror are equal.

The first of the multiple current mirror outputs,
derived out of transistor 114, is again mirrored by a
gecond, single input, single output current mirror 130,
referenced with respect to Ground (0V). The output
transistor 125 of the second current mirror 130 is n times
the size as the input transistor 128, which in turn is the
same size as the transistors (113 to 117) forming the first
current mirror 115. This is to allow the output transistor
125 of the second current mirror 130 to sink current
equivalent to n times the maximum current derived from the
first current mirror 115.

The remaining outputs of the first, multiple output,
current mirror 115, derived wvia transistors 116 and 117 in
the example ghown in Fig. 4, are each connected to a
respective bitline 30, for sourcing a programming current
into the bitcell 10 connected to the regpective bitline 30
requiring programming.

Meanwhile, the output from the bottom of each bitline
30 is connected via a semiconductor switch 118, 119 to the
common sinking current mirror transistor 125. The multiple
semiconductor switches required for all the bitlines 30 of
the array are preferably in the form of a multiplexer, since
oﬁly one out of all the bitlines should be selected at any

one instance in time.
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Transistor 120 is an enable transistor, with the
bitcell array being disconnected from the current mirror 215
when this transistor 120 is off.

As described earlier, programming occurs via the
mechanism of moving charge onto the floating gate of the
bitcell 10 being programmed. As charge is being moved, a
current is involved. This programming current is called
Iprog, and it is defined as the difference between the
current being sourced into the top of the bitline upon which
the bitcell to be programmed resides, Itep, and the current
being sunk from the bottom of the bitline currently in use,
Inor. Further, the top transistors (116, 117) connected to
the top of each bitline respectively, define how efficiently
the unselected bitlines are held at the supply level voltage
to avoid disturbs.

Figure 8 shows the relationship between Ipreg, Itep and
Ipot, as a function of the bitline voltage.

Programming of a bitcell 10 stops when the available
Iprog current reaches zero, as shown in Fig. 8.

A problem with the above described prior art is that
Iprog can only be set during manufacture of the memory
device, by altering the exact relative dimensions of the
transistors forming the current mirrors (115 and 130). This
means that there is no possibility to alter these parameters
subsequent to manufacture, to compensate for errors in the
circuit, or changed operating parameters, for example, a
higher operating temperature range.

Further, since Iprog is the difference between I¢o, and
Ipor, and these two currents are of the same magnitude, even
small errors in the sizes of the respective transistors can
led to large errors in the size of Iprg, resulting in

disturbs as described earlier being more likely to happen or
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not enough Iy.g 1S generated, which leads to insufficient
programming of the selected bitcell. Also, such errors can
occur in both current mirrors, and therefore the errors add
up and compound each other.

Moreover, there is no way to select the exact value of
the voltage applied to the bitline, to ensure no column
disturbs occur.

The principles of operation of the present invention
will now be described with reference to Figs. 9 to 11. Like
components to those of Fig. 7 are referenced by the same
reference numeral plus 100.

Fig. 9 shows a bitline current generator 207 in
accordance with an embodiment of the present invention. In
this bitline current generator 207, each of the bitlines are
connected to the program voltage supply via a switching
means, such as a PMOS select transistor (216 and 217)
operating in saturation mode, i.e. effectively operating as
a fully on/fully off switch. When a gate input voltage is
applied to turn on one of these select transistors, the
respective bitline 30 is strongly forced, i.e. fully
connected to, the supply. This ensures the row disturb
margin is maintained throughout operation.

The bitline current generator 207 further comprises a
variable current source, which in an embodiment, comprises a
single current mirror 215 coupled to a programmable current
source 206.

Since any selected bitline is directly connected to the
power supply rail, via a PMOS select transistor 216, 217,
operating in saturation mode, there is no requirement for a
top current source. Therefore, there is no need for the
multiple output current mirror of the prior art, hence the

two current mirrors are replaced with a single current
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mirror 215 in the bitline current generator 207. By only
requiring one current mirror, the present invention removes
the errors associated with mismatch of transistors used in
the construction of the multiple output current mirror 115
of the prior art.

The input to the single current mirror 215 isg again a
gseed current source 206, however, this time the seed current
gource 206 is programmable. Accordingly, the current sourced
into the current mirror 215 is able to be set according to
the needs of the circuit, and independent of the physical
dimensions of the devices forming the current mirror. This
allows the current to be altered without needing to re-
manufacture the device, and, the effect of device
manufacture tolerances maybe avoided.

The use of a programmable current source 206 also
allows the level of current sourced/sunk by the single
current mirror to be changed according to the operating
parameters of the memory device in use. For example, to
compensate for wvariances introduced by a temperature change.

Fig. 12 shows an embodiment of a programmable current
source 800 in accordance with a further aspect of the
present invention which may be used as the programmable
current source 206 in the bitline current generator for a
non-volatile memory device as ghown in Fig. 9. Other
programmable current sources may also be used. The
programmable current source 800 comprises a fixed current
source 802 which provides a stable current source. Such
fixed current sources are well known in the art and may
include, for example, a resistor biased by a bandgap voltage
generator. The programmable current source 800 further
comprises a current mirror 806 having an input coupled to

receive the stable current signal from the fixed current
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source 802 and an output 804 for providing an output current
signal Iseed. The current mirror 806 comprises an input
transistor 808 and a plurality of output transistors 810.
Each of the output transistors 810 are selectively coupled
to the output 804 via switches 812 depending on the required
output current signal Iseed. The state of the switches 812
may be controlled by the processing unit (dedicated or main)
which controls the non-volatile memory device. The
dimensions of the output transistors 810 are selected so
that a multiple of the value of the stable current signal is
provided as the output current signal Iseed. With the
dimensions shown in Fig. 14, the step size is 0.25 and the
output current signal may range from 0.25 to 2 times the
stable current signal depending on which output transistors
810 are connected to the output 804.

Memory cells produced by different wafer runs may
require different levels of current for optimum performance.
A certain level of current is required to program properly
the selected memory cellg. If the current level is too
high, damage (oxide damage) to the memory cell increases and
optimum program erase cycling performance is not achieved.

In the embodiment shown and described with reference to
Fig. 12, the optimum level for the output current signal
Iseed provided by the programmable current source 800 for a
non-volatile memory may be determined during the design and
manufacturing process of the device (e.g. through
simulation, and/or pre-production testing). This optimum
level may then be stored in registers or memory (not shown),
for example memory associated with the processing unit (main
or dedicated) which controls the non-volatile memory, and
then used subsequently to trim the level of the output

current signal Iseed provided at the output of the
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programmable current source 800. This trimming may be under
the control of a software program running on the main or
dedicated procegsing unit. For example, a subroutine may
provide, on start-up of the memory device, for the optimum
current signal level to be read out of memory and applied to
the programmable current source 800 by the processing unit
providing the appropriate controls signals to the switches
812. Furthermore, a look-up table may be generated and
stored in memory which provides the optimum levels of the
output current signal Iseed for different operating
conditions of the non-volatile memory, for example for
different operating temperatures. As the operating
conditions change, the look-up table can be used by the
processing unit to vary the levels of the output current
signal Iseed to ensure optimum operation of the non-volatile
memory (during operation). This is not possible in the
prior art arrangements which use fixed current references.

The circuilt shown in Fig. 9 further includes a
programmable voltage reference 250, connected to the bottom
supply rail of the current mirror 215 via a unity gain
amplifier circuit, i.e. buffer, 240. This allows the voltage
reference 250 to set the voltage of the bottom rail of the
single current mirror 215, and hence the voltage applied to
the bottom of the selected bitline 30, i.e Veep-

The remainder of the circuit, in particular, the use of
a multiplexer to select the required bitline 10, is the same
as discussed previously.

With the bitline current generator according to the
present invention, the programming current, Ipreg, 1S now
directly defined by the single programmable seed current
source 206, as replicated via the current mirror output

transistor 225.



10

15

20

25

30

WO 2007/104337 PCT/EP2006/002408
17

Since the voltage signal (s) generated by the
programmable voltage reference 250 are programmable, more
precise control of the end of programming voltage Veop can
be achieved. Further, the end of programming voltage, Veop,
may also be set independent of the physical dimensions of
the devices used, by way of the programmable voltage
reference 250. Moreover, since the end of programming
voltage Veop is generated by the programmable voltage
reference 250, the level of Veop may be trimmed to account
for manufacturing tolerances and/or changes in device
operating conditions, for example to account for changes in
temperature, without the need for device redesign and hence
without the need for new masks.

Fig. 10 shows the equivalent relationship between Ipreg
and the bitline voltage, for the bitline current generator
207 in accordance with an embodiment of the present
invention. Programming of a bitcell 10 stops when the
available I,y current reaches zero, as shown in Fig. 10,
and this point is defined by the value of Veop, the value of
which is set by the programmable voltage reference 250. This
ig also known as a setpoint. This ensures the bitline
disturb margin is maintained.

Whilst any programmable voltage source 250 may be used
in the present invention, the preferred type is a Digital to
Analog Converter (DAC). In particular, a Resistor network
DAC (RDAC). Fig. 11 shows one embodiment of such an RDAC
250.

In the preferred embodiment, the RDAC 250 is
constructed out of a number of resistors 251 connected in
series across the logic supply (i.e. 2.7V), with a digitally
controlled multiplexer 255 feeding off each of the taps

between the resistors 251. In this way, a particular tap off
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the resistor network, corresponding to a set voltage, can be
freely selected by the multiplexer 255. It should be noted
that if higher voltages are required than can be achieved
using the logic supply level, then the alternative erase
voltage supply can be used to feed the RDAC 250 instead
(i.e. 13.5V).

Control signals applied to control input 700 of
multiplexer 255 control the selection of the tap off of the
resistor network and so determine the level of the voltage
signal at the output of the multiplexer 255. The control
signals may be generated by a main processing unit (not
shown) of the device of which the non-voltage memory is part
(e.g. the main CPU of an embedded microcontroller) or may be
generated by a processing unit (not shown) dedicated for
controlling the non-volatile memory.

The exact number of resistors, and their sizes relative
to each other, determine the number of, and spacing between
the different voltage levels achievable out of the RDAC 250.
Further, the bit depth of the multiplexer also constrains
the outputs available from the RDAC 250. Thus, the exact
construction of the RDAC 250 is specific to the requirements
of the bitcells being used.

In the preferred embodiment, the RDAC is constructed
out of 27 unit sized resistors, with taps after 2, 4, 6, 7,
8, 10 and 12 unit resistors respectively, coupled with a 3
bit multiplexer to select between the above-identified seven
taps.

The foregoing has been explained making use of
particular voltage levels as an example only. It will be
apparent to the person skilled in the art that other

specific types of non-volatile memory will make use of other
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voltages, and the present invention may equally be applied

to these other voltages.
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CLAIMS:

1. A bitline current generator for a non-volatile memory
array, said non-volatile memory array comprising a plurality
of memory bitcells and bitlines, the bitline current
generator characterised by:

a switching means (216, 217) for each bitline for
coupling a bitline to a program voltage supply when the
bitline is selected for programming; and

a variable current source (206, 215, 240, 250) for
providing a programming current to said selected bitlines,
the variable current source being adapted to select a level
of said programming current such that the programming of the
selected memory bitcells does not disturb the programmed
state of the unselected memory bitcells on unselected

bitlines.

2. The bitline current generator of claim 1, wherein the
variable current source comprises:

a programmable current source (206); and

a current mirror (215) having an input coupled to the
programmable current source and an output for providing the‘

programming current.

3. The bitline current generator of claim 2, wherein the
variable current source further comprises a programmable
voltage reference (250), adapted to provide a variable

reference voltage to the current mirror (215).

4. The bitline current generator of claim 3, wherein the
variable current source further comprises a buffer (240)

connected between the programmable voltage reference (250)
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and the current mirror (215) for buffering the variable
reference voltage provided at an output of the programmable

voltage reference (250).

5. The bitline current generator of claim 4, wherein the
output of the programmable voltage reference (250) controls

an output of the programmable current source (206).

6. The bitline current generator of any of claims 3 to 5,
wherein the programmable voltage reference (250) is a

Digital-to-Analog converter.

7. The bitline current generator of claim 4 to 6, wherein
the buffer comprises an operational amplifier (240) in a

unity gain configuration.

8. The bitline current generator of claim 6 or 7, wherein
the Digital-to-Analog converter (250) ig a resistor network

Digital-to-Analog converter.

9. The bitline current generator of claim 8, wherein the
resistor network Digital-to-Analog converter (250)
comprises:

a plurality of resistors (251, 252) connected in series
acrogss a power supply and having a plurality of output taps,
wherein a node between two of said plurality of resistors
(251, 252)is an output tap providing a fractional voltage of
said power supply; and

a multiplexer (255) for selecting a one of the output

taps for output.
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10. The bitline current generator of claim 9, wherein the
plurality of resistors (251, 252) comprises a predetermined
number of resistors, the predetermined number of resistors
being selected such that the output taps of the resistor
network as a whole ensures a minimum desired output voltage

and a suitable range of further output voltages is provided.

11. The bitline current generator of any preceding claim,
wherein switching means comprises a transistor arranged in

operation to operate in a saturated mode.

12. The bitline current generator of any preceding claim,
wherein the programmable current source (206) comprises:

a fixed current source (802);

a programmable current mirror (806) having an input
transistor (808) coupled to the fixed current source (802),
an output (804) and a plurality of output transistors (810)
coupled to the input transistor (806) and selectively
coupled to the output (804) for providing a programmable
output current signal, the current level of the output
current signal depending on which transistors are selected

to be coupled to the output (804).

13. The bitline current generator according to claim 12
wherein the output transistors (810) are dimensioned such
that the current level of the output current signal is a
multiple of a current level of the current signal provided

by the fixed current source (802).

14. A non-volatile memory array comprising a plurality of
memory bitcells and bitlines and a bitline current generator

according to any preceding claim.
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AMENDED CLAIMS
received by the International Bureau on 15 February 2007, (15.02.2007)

CLAIMS:

1. A bitline current generator for a floating gate non-
volatile memory array, said floating-gate non-volatile
memory array comprising a plurality of memory bitcells and
bitlines, the bitline current generator characterised by:

a switching means (216, 217) for each bitline for
coupling a bitline to a program voltage supply when the
bitline is selected for programming; and

a variable current source (206, 215, 240, 250) for
providing a programming current to said selected bitlines,
the variable current source being adapted to select a level
of said programming current such that the programming of the
selected memory bitcells does not disturb the programmed
state of the unselected memory bitcells on unselected

bitlines.

2. The bitline current generator of claim 1, wherein the
variable current source comprises:

a programmable current source (206); and

a current mirror (215) having an input coupled to the
programmable current source and an output for providing the

programming current.

3. The bitline current generator of claim 2, wherein the
variable current source further comprises a programmable
voltage reference (250), adapted to provide a variable

reference voltage to the current mirror (215).
4. The bitline current generator of claim 3, wherein the

variable current source further comprises a buffer (240)

connected between the programmable voltage reference (250)

AMENDED SHEET (ARTICLE 19)
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and the current mirror (215) for buffering the variable
reference voltage provided at an output of the programmable

voltage reference (250).

5. The bitline current generator of claim 4, wherein the
output of the programmable voltage reference (250) controls

an output of the programmable current source (206).

6. The bitline current generator of any of claims 3 to 5,
wherein the programmable voltage reference (250) is a

Digital-to-Analog converter.

7. The bitline current generator of claim 4 to 6, wherein
the buffer comprises an operational amplifier (240) in a

unity gain configuration.

8. The bitline current generator of claim 6 or 7, wherein
the Digital-to-Analog converter (250) is a resistor network

Digital-to-Analog converter.

9. The bitline current generator of claim 8, wherein the
regsistor network Digital-to-Analog converter (250)
compriges:

a plurality of resistors (251, 252) connected in series
across a power supply and having a plurality of output taps,
wherein a node between two of said plurality of resistors
(251, 252)is an output tap providing a fractional voltage of
said power supply; and

a multiplexer (255) for selecting a one of the output

taps for output.

AMENDED SHEET (ARTICLE 19)
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10. The bitline current generator of claim 9, wherein the
plurality of resistors (251, 252) comprises a predetermined
number of resistors, the predetermined number of resistors
being selected such that the output taps of the resistor
network as a whole ensures a minimum desired output voltage

and a suitable range of further output voltages is provided.

11. The bitline current generator of any preceding claim,
wherein switching means comprises a transistor arranged in

operation to operate in a saturated mode.

12. The bitline current generator of any preceding claim,
wherein the programmable current source (206) comprises:

a fixed current source (802);

a programmable current mirror (806) having an input
transistor (808) coupled to the fixed current source (802),
an output (804) and a plurality of output transistors (810)
coupled to the input transistor (806) and selectively
coupled to the output (804) for providing a programmable
output current signal, the current level of the output
current signal depending on which transistors are selected

to be coupled to the output (804).

13. The bitline current generator according to claim 12
wherein the output transistors (810) are dimensioned such
that the current level of the output current signal is a
multiple of a current level of the current signal provided

by the fixed current source (802).
14. A non-volatile memory array comprising a plurality of

memory bitcells and bitlines and a bitline current generator

according to any preceding claim.

AMENDED SHEET (ARTICLE 19)




WO 2007/104337 PCT/EP2006/002408
1/7

Control Gate 4
Floating Gate 5

N/

Insulating 6 /M\ 1\

Material ——

Source 2 Drain 3

I~

e FIG. 1

10

Drain 3

| Control Gate 4

I
5 / -] Source 2
e FIG. 2

10




WO 2007/104337 PCT/EP2006/002408

2/7
100
30 30
__________________ bitinen _______J bitline n+1
E Af T’ : 40 wordline m
. \_1 | L_‘ i
E : 20 sourceline m
I |
: r ( : 40 wordline m+1
R : i
3 1 l & 20 sourceline m+1
FIG. 3
100
30 30
ov ov
i VR r_§ """""""""" I___¢ """"""" '
E f ( : 42 Verase
- | !
; : 20 OV
— ( J L 44 OV
3 | | L.‘ I 3
& — 20 ov




PCT/EP2006/002408

42 prl

20 Vpr ogram
44 OV

20 Vprogram

1
I
]
1
1
I
i
1
1
1
1
]
1
1
1
i
1
t
}
1
-
i
]
1}
1
1
1
1
1
H
1
1
]
1
1
1
]
1
!
1
]
¥
1
1}
I
]
1
1
I
1
]
1
]
1
!
——
I
1
1
L

34
oV

3/7

FIG. 5
32
0.96V

WO 2007/104337

llllllllllllllllllllllllllllllll

N\~
)
)
1
1
]
1
1
1
1
1
100

FIG. 6



WO 2007/104337 PCT/EP2006/002408
4/7

113

: lseed
{Current
i Mirror 1

110

Seed
Current

lseed

106

|: lseed
1 Current
! Mirror 2
E 130

FIG. 7 Prior Art

Available lprog

1L

|t0p - ‘bot e vl /——_-_
N

/"  Voitine

End of Programming

FIG. 8 Prior Art



WO 2007/104337 PCT/EP2006/002408
57

Seed 216 217
e
Current Se]eCt n @ select n+1 @

lseed L
206 bitline n bitline n+1

40

20

110

40

20

218

220 Bitline multiplexer

H
lseed :
Current | )
Mirror prog ;
215 | / 240
. 1 Voltage
R et b bt bl b bttt deinteliebiatei bbb x Reference
250

3 Available Iprog

Iseed —{ -

[N
14

Vbitline

End of Programming

FIG. 10



PCT/EP2006/002408

WO 2007/104337

6/7

o)
rs]
™
O
g
|
e

Q
E
> | 4

8

] o

= Vm
e |

251

252

FIG. 11



WO 2007/104337 PCT/EP2006/002408
717

X 2x 1x 1x

// - Vi
€1 g1 92(
\'\/gou
Inom
/‘[/\
§O2. @ v
Iseed



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2006/002408

A. CLASSIFICATION OF SUBJECT MATTER
INV. G11C16/30 G11C5/14

According to International Patent Classification (PC) or to both nationat classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system foliowed by classification symbols)

G11C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Gategory* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 6 791 873 B1 (PERNER FREDERICK A [US]) 1-14
14 September 2004 (2004-09-14)

column 5, Tine 10 - column 7, line 23;
figure 6

A EP 0 734 024 Al (SGS THOMSON 1-14
MICROELECTRONICS [IT] ST MICROELECTRONICS
SRL [IT]) 25 September 1996 (1996-09-25)
column 7, lines 13-50; figure 5

A DE 100 62 123 C1 (INFINEON TECHNOLOGIES AG 1-14
[DE]) 20 June 2002 (2002-06-20)
paragraph [0017] - paragraph [0023];
figure 2

A US 2004/046681 Al (FRULIO MASSIMILIANO 1-14
[IT] ET AL) 11 March 2004 (2004-03-11)
paragraph [0013] - paragraph [0018];
figures 1-3

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . "

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

'A" document defining the general state of the art which is not
considered to be of particular relevance

'E" earlier c?ocument but published on or after the international *x* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
'L* document which may throw doubts on priotity claim(s) or involve an inventive step when the document is taken alone
"‘(h‘?h s c"eﬁ to QSta.t’l'ISh the pubhcat:onlf(liaée of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
23 November 2006 08/12/2006
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
Nll— — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, i i i
Fax: (+31-70) 340-3016 P Lindquist, Jim

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

information on patent family members

International application No

PCT/EP2006/002408
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 6791873 B1 14-09-2004 DE 102004022736 Al 07-04-2005
JP 2005085456 A 31-03-2005
EP 0734024 Al 25-09-1996 DE 69514783 D1 02-03-2000
DE 69514783 T2 08-06-2000
JP 2857649 B2 17-02-1999
JP 8339692 A 24-12-1996
us 5673221 A 30-09-1997
DE 10062123 C1 20-06-2002  NONE
US 2004046681 Al 11-03-2004  NONE

Form PCT/ISA/210 (patent family annex) (Aprit 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - amended-claims
	Page 25 - amended-claims
	Page 26 - amended-claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

