97040786 A1 I 0O 0 0 0 0O OO

O

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T O O 5O

International Bureau

(43) International Publication Date
2 April 2009 (02.04.2009)

(10) International Publication Number

WO 2009/040786 Al

(51) International Patent Classification:
G11C 16/34 (2006.01)

(21) International Application Number:
PCT/TL2008/001004

(22) International Filing Date: 20 July 2008 (20.07.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/862,461 27 September 2007 (27.09.2007) US
(71) Applicant (for all designated States except US): SAN-
DISK IL LTD. [IL/IL]; 7 Atir Yeda Street, 44643 Kfar

Saba (IL).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SHEN, Eran
[IL/L]; 4 Hanita Street, 22385 Nahariya (IL). SELA,
Rotem [II./IL]; 17 Katif Street, 21590 Maalot (IL). ZER,
Aviad [IL/IL]; 9 Naaman Street, P.O. Box 1042, 25147
Kfar Vradim (IL). HONEN, Oren, N. [IL/IL]; 10a Ha-
Banyas Street, 20692 Yokneam (IL.). SHIL.O, Ido [IL./IL];
Kibbutz Beit-Zera, 15135 Jordan Valley (IL).

(74) Agents: SANFORD T. COLB & CO. et al.; P.O. Box
2273, 76122 Rehovot (IL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: COUNTER USING MEMORY CELLS BEING RESET AND SHIFTED AT THE MAXIMAL COUNT VALUE

FIG.

,)/22

COUNT

INPUT NVM 26
CTRL | .| 28 e

s = (T

830
RAM

! 24 -
S

(57) Abstract: A counting device (20) includes a set (26) of memory cells (28), which are configured to store respective bits of a
& count code. A controller (22) is coupled to the memory cells so as to increment, in response to occurrences of a count input, the
count code in the set of the memory cells from an initial value up to a preset bound in each of a plurality of successive iterations,
and to shift the bits of the count code that are respectively stored in the memory cells in each of the iterations relative to a preceding

iteration.



WO 2009/040786 PCT/IL2008/001004

COUNTER USING MEMORY CELLS BEING
RESET AND SHIFTED AT THE MAXIMAL

FIELD OF THE INVENTION
The present invention - relates generally to
electronic devices and circuits, and specifically to

counting devices.

BACKGROUND OF THE INVENTION

There are a number of types of non-volatile memory
(NVM) media available that can be programmed multiple
times. Examples of such media include electronic memory,
such as flash electronically-erasable programmable read-
only memory (EEPROM) devices, and optical memory, such as
rewritable compact disc (CD) and digital video disc (DVD)
media. Such media, however, typically wear out after a
certain number of write/erase «cycles. Flash EEPROM
devices, for instance, are typically rated to endure
between 10,000 and 100,000 write/erase cycles, after
which the devices become unreliable.

U.S. Patent 6,794,997, to Sprouse, whose disclosure
is incorporated herein by reference, describes a method
for extending the endurance of non-volatile memory using
data encoding. One or more data bits are encoded into a
larger number of non-volatile memory bit patterns such
that changes to the data bits are distributed across
fewer changes per non-volatile memory bit. Non-volatile
memory endurance is extended since more changes to the
data values are possible than can be supported by
underlying changes to individual non-veolatile memory
bits.

One of the embodiments disclosed in this patent uses
Gray codes, which were initially described by Gray in
U.S. Patent 2,632,058, whose disclosure is incorporated

herein by reference. . A Gray. code. is an encoding. of
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information in which for a defined sequence, only a
single bit changes state with each step through the
sequence. (A conventional binary counter does not have
this property.) According to Sprouse, the use of a Gray
code sequence stored in non-volatile memory to encode a
single data bit in effect allows the previous contents of
the non-volatile memory to be used to control the next
state. Thus, each single data bit change is translated
into a single non-volatile memory bit change, and is
distributed across multiple non-volatile memory bits.

U.S. Patent 7,245,556, to Pinto, et al., whose
disclosure is incorporated herein by reference, similarly
describes methods for writing to non-volatile memories
for increased endurance. A relatively small memory 1is
made up of a number of individually-accessible write
segments, each made up of a single memory cell or a small
number of cells. A count is encoded so that it is
distributed across a number of fields, each associated
with one of the write segments. As the count is
incremented, only a single field is changed, and these
changes are evenly distributed across the fields. The
changed field is then written to the corresponding
segment, while the other write segments are unchanged.
Consequently, the number of rewrites to a given write
segment is decreased, and the lifetime correspondingly
increased, by a factor corresponding to the number of
write segments used. .

Another approach to counting beyond endurance limits
of non-volatile memories is described by Maletsky in U.S.
Patent 6,792,065, whose disclosure is incorporated herein
by reference. The storage cells in é non-volatile memory
are subdivided into two groups, one for the
implementation of a rotary counter that keeps track of

the less significant part of the count and another for a
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binary counter that keeps track of the more significant
part of the count. The rotary counter implements a
counting method that maximizes the count that can be
obtained- before the  endurance limit -of the memory is
reached by making sure that each change of state of each
cell is recorded as one count and that all cells in the
rotary counter experience two change of state in every
cycle. The binary counter records the number of cycles

the rotary counter has gone through.

SUMMARY OF THE INVENTION

An embodiment of the present invention provides a
counting device, including:

a set of memory cells, which are configured to store
respective bits of a count code; and

a controller, which is coupled to the memory cells
so0 as to increment, in reéponse to occurrences of a count
input, the count code in the set of the memory cells from
an initial wvalue up to a preset bound in each of a
plurality of successive iterations, and to shift the bits
of the count code that are respectively stored in the
memory cells in each of the iterations relative to a
preceding iteration.

In a disclosed embodiment, the count code is a Gray
code, and the memory cells are a part of a non-volatile
memory, such as a Flash memory. The preset bound may be
defined by an endurance of the memory cells. Typically,
the controller is configured to read out a counter value
by determining a shift of the bits of the count code in
the memory cells, locating and decoding the count code
responsively to the shift, and combining the decoded
count code with a number of the iterations indicated by

the shift in order to compute the counter value.
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In some embodiments, the set of the memory cells is
a first set, and the device includes a second set of the
memory cells for storing a state indicator, and the
controller is coupled to -increment -the state indicator
and to reset the count code to the initial wvalue wupon
receiving the count input when the count code has reached
the preset bound.

In other embodiments, the set of the memory cells is
configured to hold data of a given length, and the number
of the bits in the count code is 1less than the given
length, and the controller is coupled to store the count
code in a subset of the set of the memory cells, and to
shift the bits so that the count code is stored in a
different subset of the set of the memory cells in each
of the successive iterations relative to a preceding
iteration.

There 1is also provided, 1in accordance with an
embodiment of the present invention, a counting device,
including:

an array of memory cells, including a first set of
the memory cells for storing respective bits of a count
code and a second set of the memory cells for storing a
state indicator; and

a controller, which is coupled to the array so as to
increment, in response to occurrences of a count input,
the bits of the count code in the first set of the memory
cells from an initial value up to a preset bound in each
of a plurality of successive iterations, and upon
reaching the preset bound in each of the successive
iterations, to i1ncrement the state indicator and to
initiate a new iteration in which the bits that are
respectively stored in the memory cells are shifted

relative to a preceding iteration.
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Tn a disclosed embodiment, the bits are barrel-
shifted in each of the successive iterations.

In another embodiment, the bits are shifted so that
the count code- is stored in a different subset of the
first set of the memory cells in each of the successive
iterations relative to the preceding iteration.

There is additionally provided; in accordance with
an embodiment of the present invention, a counting
device, including:

an array of memory cells, including a set of the
memory cells that is configured to hold data of a given
length and is allocated for storage of a count code
consisting of a number of bits that is less than the
given length; and

a controller, which is coupled teo the array so aé to
store the count code in a subset of the set of the memory
cells, and to increment, in response to occurrences of a
count input, the bits of the count code from an initial
value up to a preset bound in each of a plurality of
successive iterations, and to shift the bits so that the
count code is stored in a different subset of the set of
the memory cells in each of the successive iterations
relative to a preceding iteration.

In disclosed embodiments, the controller is
configured to write the count code to the subset of the
set of the memory cells as a sequence of bits, and to
write a predetermined delimiter value to the bits in the
set of the memory cells that immediately precede and
succeed the sequence. Typically, the controller is
configured to write a predetermined constant value,
different from the delimiter value, to the bits in the
set of the memory cells that are separated from the
subset of the set of the memory cells by the bits that

immediately precede and succeed the sequence.
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In one embodiment, the sequence includes at Ileast
first and second sub-sequences, and the controller is
configured to write the predetermined delimiter value to
at least one bit in the set- of the memory cells that
separates the first subsequence from  the second
subseqﬁence. In this embodiment, the number of the bits
in the count code may be greater than one half of the
given length.

There is further provided, in accordance with an
embodiment of the present invention, a method for
counting, including:

in response to occurrences of a count input,
incrementing bits of a count code that are respectively
stored in a set of memory cells from an initial value up
to a preset bound in each of a plurality of successive
iterations; and

in each of the successive iterations, shifting the
bits of the count code that are respectively stored in
the memory cells relative to a preceding iteration.

The present invention will be more fully understood
from  the following detailed description of the

embodiments thereof, taken together with the drawings in

which:

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram that schematically
illustrates a counting device, in accordance with an

embodiment of the present invention;

Fig. 2 is a flow chart that schematically
illustrates a method for counting using a non-volatile
memory, in accordance with an embodiment of the present

invention;
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Fig. 3 is a table that schematically illustrates
successive iterations of a counter, in accordance with an
embodiment of the present invention;

Fig. 4- is a flow chart that schematically
illustrates a method for reading a counter value from a
counting device, in accordance with an embodiment of the
present invention; and

Figs. 5-7 are tables that schematically illustrate
successive iterations of counters in accordance with

alternative embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

As explained in the Background of the Invention, the
range of a counter that is implemented in non-volatile
memory (NVM) is limited the write/erase endurance of the
memory itself, i.e., by the number of times a value
stored in a cell of the memory can be changed before the
memory cell wears out. Gray codes are helpful in pushing
the limit, since they minimize the number of bits that
must be inverted each time the counter is incremented.
Even so, in the classical Gray code described in the
above-mentioned U.S. Patent 2,632,058, the least
significant bit (LSB) is toggled twice as frequently as
the next bit, and so forth: In counting up to a value N,
the LSB is inverted N/2 times, the next Dbit N/4 times,
the next N/8, and so forth. Therefore, when this Gray
code is used in the ordinary‘wayﬁ the LSB will wear out
long before the other bits, and the maximum value that
the counter can reach will thus be limited to a value
equal approximately to twice the bit endurance of the
LSB. Although balanced Gray codes have been proposed to

spread the inversion load more evenly oOvVer the counter
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bits, such balanced codes are not straightforward to
derive or implement in the context of NVM counters.

Embodiments of the present invention extend the
range of the counter beyond the Gray code limit by
incorporating a shift into the count process. In these
embodiments, the bits of a count code (such as a Gray
code) are stored in a set of the memory cells. At each
occurrence of a count input, the code is incremented from
an initial wvalue up to a preset bound. When the code
reaches the bound, the bits are shifted, and a new
iteration begins from the initial wvalue of the code.
Thus, the position of the LSB (and of each of the other
bits in the code) shifts to different cells in successive
iterations, and the wear due to bit inversion is spread
evenly over the cells in the counter. As a result, a
counter that stores a Gray code in a memory M bits long
with bit endurance N, for example, will be able to count
up to a maximum value of M*N.

In order to read out the actual value stored in the
counter, it is necessary to determine how far the bits
have shifted, i.e., which memory cell currently holds the
most significant bit (MSB) and which holds the LSB. For
this purpose, in some embodiments, the memory also stores
a state indicator, which is incremented at each new
iteration. The wvalue of the state indicator thus
identifies the locations of the bits in the memory cells.

In other embodiments, the count code is held in a
set of the memory cells that is configured to hold data
longer than the number of bits in the count code. The
set of memory cells will therefore contain some unused
bits, and the count code will be stored in a different
subset of the set of memory cells in each iteration. A
delimiter wvalue may be stored in the bits that

immediately precede and succeed the sequence of bits in
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the count code in order to identify the locations of the
bits in the count code when the counter value is read
out.

As explained above, Gray codes are an advantageous
sort of count code to use in embodiments of the present
invention. The principles of the present invention,
however, may also be applied using count codes of other
types. In this context, the simple binary representation
of the count value may itself be considered a type of
count code. Furthermore, although the embodiments
described herein use single-level memory cells, each
holding a single bit, the principles of the present
invention may likewise be applied to substantially any
kind of multiple-time programmable NVM, including multi-
level cells and other technologies. The techniques
described herein may also be used, mutatis mutandis, in
encoding a count so that it 1is distributed across a
number of fields, in a manner analogous to that described

in the above-mentioned U.S. Patent 7,245,556.

DESIGN AND OPERATION OF THE COUNTING DEVICE

Fig. 1 is a block diagram that schematically shows a
counting device 20, in accordance with an embodiment of
the present invention. A controller 22 receives a count
input, which typically signals the occurrence of a given
type of event that is to be counted. The controller may
comprise a programmable computing device, such as a
microprocessor, which carries out the functions that are
described herein under the control of software or
firmware. Alternatively or additionally, the controller .
may comprise a hard-wired or programmable logic device,

such as a suitable application-specific integrated

circuit (ASIC).
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Controller 22 is coupled to write to and read from a
non-volatile memory (NVM) 24, comprising an array of
memory cells 28. At each occurrence of the count input,
the controller increments--a count code that is held in a
set 26 of the memory cells, as described in detail
hereinbelow. The controller may subsequently read and
decode the count code in order to output a count value
that reflects the cumulative number of occurrences of the
count input. The controller and memory in device 20 may
be dedicated for use in this counting function.
Alternatively, the controller and memory may also perform
other functions, in addition to counting occurrences of
the count input, but these functions are beyond the scope
of the present invention. Optionally, for enhanced
efficiency and speed, controller 22 may use a volatile
random-access memory (RAM) 30 for some of the
computational functions that are described hereinbelow.

In the present embodiment, it is assumed that NVM 24
comprises an array of NAND flash memory cells, with a
typical endurance of N = 15,000 write/erase cycles. In
alternative embodiments, however, the NVM may comprise
NOR flash or another type of EEPROM, or substantially any
other type of NVM that permits multiple-time programming,
including read/write optical memory media.

Reference is now made to Figs. 2 and 3, which
schematically illustrate a method for counting using
device 20, . in accordance with an embodiment of the
present invention. Fig. 2 1s a flow chart showing the
steps of the method. Fig. 3 is a table showing the
assignment of count bits to cells 28 in set 26 at
successive iterations of the counter in accordance with
this method.

As shown in Fig. 3, set 26 in this embodiment

comprises 'a field 62 of twenty-nine bits, which are

10
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labeled in the heading row of the table. The count code
itself comprises fourteen bits, labeled 0 (LSB) through
13 (MSB). (A fourteen-bit code is chosen because 14 =
ceil[logz(N)].) The first row  of the table below the
heading (marked as shift state 0) shows the positions of
the bits of the count code in the first iteration, the
second row shows the positions in the second iteration,
and so forth. BSet 26 also includes a shift state counter
field 60, which in the present example may comprise four
bits. The numbers of bits 1in fields 60 and 62 were
chosen in this example solely for the sake of convenience
and clarity of explanation. These fields may
alternatively comprise larger or smaller numbers of bits,
depending on factors such as the endurance of the memory,
the maximum target count value, and the availability bf
cells in the memory. In another example, shown below in
Fig. 5, the number of bits,K in field 62 1s equal to the
number of bits in the count code.

The count code in field 62 begins at an dinitial
value (typically =zero) in shift state =zero and is
incremented each time controller 22 receives a count
input, at an input step 40. To determine the new count
code that is to be written to field 62, the controller
reads the current counter value, at a read step 42. For
this purpose, it may be necessary for the controller to
read out and decode the count code and shift state from
NVM 24, in the manner described hereinbelow in reference
to Fig. 4. Alternatively, during active operation of
device 20, the controller may use RAM 30 as a sort of
cache, to hold the current counter value and thus avoid
the need to read and decode the value in the NVM at evefy
count.

The count code has a preset bound, which serves as a

limit on the wvalue that the count code is allowed to

11
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reach. This limit may be determined according to the
prescribed bit endurance of NVM 24. In the present
example, the limit is set to N = 15,000, as explained
above. Alternatively, the limit may be set to a greater
or lesser value, depending on considerations of cost and
reliability. The controller checks the current counter
value against this limit, at a limit checking step 44.
If the value is less than the limit, the controller
simply increments the count code, at a code incrementing
step 46. In the case of Gray codes, this step will
entail inversion of a single bit in the count code. The
controller then writes the new count code to field 62, at
a write step 48, simply by inverting the appropriate bit.
The shift state value in field 60 is unchanged.

On the other hand, if the controller determines at
step 44 that the count code has reached the limit, it
resets the code to the initial (zero) value, at a shift
step 50. A new iteration through the range of count
codes will now begin, with the bit positions shifted
within field 62. In the case shown 1in Fig. 3, for
example, after reaching the limit in shift state 0, the
bits of the count code are shifted one cell to the left
in shift state 1, so that the LSB is now in bit #1 of
field 62, and the MSB is now in bit #14. Alternatively,
other shift schemes may be implemented, not necessarily
based on the sort of linear, single bit shift that is
used in the embodiments described herein. All such shift
schemes are considered to be within the scope of the
present invention.

In the embodiment illustrated in Fig. 3, in order to
keep track of the set of bits in field 62 fhat are noOw
holding the count code, controller 22 increments the
value in field 60. Thus, the wvalue 1in this field

“indicates the number of bits to skip from the zero bit

12
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position in field 62 in order to find the LSB of the
count code. Alternatively, other means may be used to
delineate the set of bits in field 62 that are currently
holding the count code, as in -the embodiments shown below
in Figs. 6 and 7. In such embodiments, the shift state
counter 1s not needed. In any case, the controller
writes the new count code to the shifted position in
field 62 of NVM 24 at step 48.

In practice, controller 22 may implement steps 44,
46 and 50 implicitly by suitable arithmetic operations.
For example, following each count input, the controller
may increment the counter value and then compute
floor[counter/N] to determine the current shift state.
The count code to be written to the appropriate set of
bits 1s given by code[mody(counter)]. The controller
compares the new count code and shift state values to the
values currently held in fields 62 and 60, and inverts
whichever bits are necessary to give the new values.

As explained above, in the course of incrementing a
Gray code successively from zero up to N, the LSB 1is
inverted N/2 times, the next bit N/4 times, the next N/8,
and so forth. Therefore, in the course of incrementing
the code up to the limit in fourteen successive shift
states, a given bit will be inverted N/2 + N/4 + N/8 + ..
N/2¥ = N times. Thus, each bit in field 62 is used up to
the endurance limit of NVM 24, and no more. In the
example shown in Fig. 3, the total range of the counter
will be the product of the number of shift states by N,
i.e., 16*N, assuming a four-bit shift state counter.
Alternatively, if the shift state counter contains an
additional bit, and the count code is allowed to wrap
around following shift state 15 (as in the alternative
embodiments that are described below), the total range of

the counter will be 29*N.

13
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Fig. 4 1s a flow chart that schematically
illustrates a method for reading a count value from
device 20, in accordance with an embodiment of the
- present invention. This method may be used by controller
22 in response to a request from an external source, such
as a host CPU. Additionally or alternatively, it may be
invoked internally by controller 22 when it needs to
determine the count value, such as at step 42 (Fig. 2).

Controller 22 reads the contents of cells 28 in set
26, at a read step 70. When a shift state counter is
used, the controller reads the contents of both the field
containing the count code and the shift state field. The
counter then uses the shift state value to determine the
shift of the count code within the count field, at a
shift determination step 72. Alternatively, when the
shift state counter 1s not used, the controller may
determine the shift by locating certain delimiting bits,
as shown below in Figs. 6 and 7. The controller uses the
shift to locate the bits of the count code, and decodes
these bits to recover the numerical value of the code, at
a decoding step 74. The controller then outputs the
counter value, at an output step 76, wherein the output
value is given by the formula: output = shift*N +

decode (count code).

ALTERNATIVE EMBODIMENTS

Fig. 5 is a table showing the assignment of. count
bits to cells 28 in set 26 at successive iterations of
counting device 20, in accordance with an alternative
embodiment of the present invention. The operation of
this embodiment is similar to that of the embodiment of
Fig. 3, except that all bits of field 62 are used in
every iteration. In other words, at each iteration

through step 50 .(Fig..2),.the bits of the count code in

14
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field 62 are barrel-shifted, and the shift state counter
in field 60 is incremented. Thus, all bits in the count
code field are used to the endurance limit of NVM 24, and
the total range- of the counter is maximized relative to
the endurance and the number of bits in the counter.

Fig. 6 is a table showing the assignment of count
bits to cells 28 in set 26 at successive iterations of
counting device 20, in accordance with another embodiment
of the ©present invention. This  embodiment is
“stateless,” in the sense that no shift state counter
field is used. Rather, a subset 82 of the bits in set 26
that holds the count code is set off by delimiter bits 84
preceding and succeeding the sequence of bits in the
count code. Unused bits 86 are set to a default value,
which is ‘typically different from the value of the
delimiter bits. In the example shown in Fig. 6, set 26
comprises thirty-two bits, of which fourteen bits (marked
“C”) hold the count code. Delimiter bits 84 are set to
w17, while unused bits 86 are set to N0, In each
successive iteration through step 50, subset 82 1is
shifted left together with the accompanying delimiter
bits.

In order to find the counter value, controller 22
reads out the bits in set 26 at step 70 (Fig. 4). To
determine the shift of the count code at step 72, the
controller searches for a sequence of sixteen unused bits
(zeroes) that is bounded at both ends by delimiting ones
in order. In most cases, as shown in Fig. 6, the
sequence of unused bits wraps around the end of set 26.
The shift of the count code is then given by the location
of the delimiters. The controller thus locates the'count
code between the delimiters at step 74, and then uses the
decoded count code together with the shift to compute the

actual counter value at step 76, as explained above.

15



WO 2009/040786 PCT/IL2008/001004

The “stateless” embodiment of Fig. 6 is advantageous
in that all of the bits in set 26 may be used to the
1imit of their endurance, in contrast to the preceding
embodiments in which the shift state counter bits are not
fully exploited. On the other hand, by comparison with
the “stateful” embodiment of Fig. 5, the embodiment of
Fig. 6 requires that set 26 contain a relatively large
number of bits, because the sequence of unused bits 86
must be longer than any possible sequence of consecutive
zeroes that may occur in the count code held in subset
82. Therefore, subset 82 comprises less than half of the
bits in set 26.

Fig. 7 is a table showing the assignment of count
pits to cells 28 in set 26 at successive iterations of
counting device 20, in accordance with yet another
embodiment of the present invention. In this case, the
count code comprises eighteen bits (assuming memory 24
has sufficient endurance to support a count code of this
length), which are divided into nine-bit subsequences 90
and 92. The bits of the upper (more significant)
subsequence are marked “M”, while the bits of the lower
(less significant) subsequence are marked “L”. Delimiter
bits 84 separate unused bits 86 from subsequences 90 and
92, and a further delimiter bit 94 separates subsequence
‘90 from subsequence 92.

Thus, although the count code overall is longer than
the sequence of unused bits (which contains eleven bits
in this example), delimiter bit 94 prevents any possible
confusion between sequences of zeroes that may occur in
the count code and the sequence of zeroes in unused bits
86. In other words, any sequence of consecutive zeroes
that is longer than nine bits is immediately recognizable
as the unused bits, and controller 22 may thus determine

the shift at step 72 unambiguously. - In this embodiment,
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however, the number of bits in the count code is greater
than half the length of set 26, in contrast to the
embodiment of Fig. 6. Therefore, the embodiment of Fig.
7 requires a relatively smaller allocation of bits in NVM
24 for the counter function.

Although the embodiments described above show
certain specific allocations of bits and shift patterns,
the principles of the present invention may similarly be
implemented using other allocations and patterns, as will
be apparent to those skilled in the art. It will thus be
appreciated that the embodiments described above are
cited by way of example, and that the present invention
is not limited to what has been particularly shown and
described hereinabove. Rather, the scope of the present
invention includes both combinations and subcombinations
of the various features described hereinabove, as well as
variations and modifications thereof which would occur to
persons skilled in the art upon reading the foregoing

description and which are not disclosed in the prior art.
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CLATIMS

1. A counting device, comprising:

a set of memory cells, which are configured to store.
respective bits of a count code; and o I

a controller, which is coupled to the memory cells
so as to increment, in response to occurrences of a count
input, the count code in the set of the memory cells from
an initial wvalue up to a preset bound in each of a
plurality of successive iterations, and to shift the bits
of the count code that are respectively stored in the

memory cells in each of the iterations relative to a

preceding iteration.

2. The device according to claim 1, wherein the count

code is a Gray code.

3. The device according to claim 1, wherein the memory

cells are a part of a non-volatile memory.

4. The device according to claim 3, wherein the non-

volatile memory comprises a Flash memory.

5. The device according to claim 1, wherein the preset

bound is defined by an endurance of the memory cells.

6. The device according to any of claims 1-5, wherein
the controller is configured to read out a counter value
by determining a shift of the bits of the count code in
the memory cells, locating and decoding the count code
responsively to the shift, and combining the decoded
count code with a number of the iterations indicated by

the shift in order to compute the counter value.

7. The device according to any of claims 1-5, wherein
the set of the memory cells is a first set, and wherein
the device comprises a second set of the memory cells for

storing a state indicator, and

18



WO 2009/040786 PCT/IL2008/001004

wherein the controller is coupled to increment the
state dindicator and to reset the count code to the
initial wvalue upon receiving the count input when the

count code has reached the preset bound.

8. The device according to any of claims 1-5, wherein
the set of the memory cells is configured to hold data of
a given length, and wherein the number of the bits in the
count code is less than the given length, and

wherein the controller is coupled to store the count
code in a subset of the set of the memory cells, and to
shift the bits so that the count code 1is stored in a
different subset of the set of the memory cells in each
of the successive iterations relative to a preceding

iteration.

9. A counting device, comprising:

an array of memory cells, comprising a first set of
the memory cells for storing respective bits of a count
code and a second set of the memory cells for storing a
state indicator; and

a controller, which is coupled to the array so as to
increment, in response to occurrences of a count input,
the bits of the count code in the first set of the memory
" cells from an initial value up to a preset bound in each
of a plurality of successive iterations, and wupon
reaching the preset bound in each of the successive
iterations, to 1increment the state indicator and to
initiate a new iteration in which the bits that are
respectively stored in the memory cells are shifted

relative to a preceding iteration.

10. The device according to claim 9, wherein the bits

are barrel-shifted in each of the successive iterations.

11. The device according to claim 9, wherein the bits

are shifted so that the count code is stored in a
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different subset of the first set of the memory cells in

each of the successive iterations relative to the

preceding iteration.

12. A counting device, comprising:

an array of memory cells, comprising a set of the
memory cells that is configured to hold data of a given
length and is allocated for storage of a count code
consisting of a number of bits that is less than the
given length; and

a controller, which is coupled to the array so as to
store the count code in a subset of the set of the memory
cells, and to increment, in response to occurrences of a
count input, the bits of the count code from an initial
value up to a preset bound in each of a plurality of
successive iterations, and to shift the bits so that the
count code is stored in a different subset of the set of
the memory cells in each of the successive iterations

relative to a preceding iteration.

13. The device according to claim 12, wherein the
controller is configured to write the count code to the
subset of the set of the memory cells as a sequence of
bits, and to write a predetermined delimiter value to the
bits in the set of the memory cells that immediately

precede and succeed the sequence.

14. The device according to claim 13, wherein the
controller is configured to write a predetermined
constant value, different from the delimiter wvalue, to
the bits in the set of the memory cells that are
separated from the subset of the set of the memory cells

by the bits that immediately precede and succeed the

sequence.

15. The device according to c¢laim 13, wherein the

sequence comprises at least first and second sub-
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sequences, and wherein the controller is configured to
write the predetermined delimiter value to at least one
bit in the set of the memory cells that separates the

first subsequence from the second subsequence.

16. The device according to claim 15, wherein the number
of the bits in the count code is greater than one half of

the given length.

17. A method for counting, comprising:

in response to occurrences of a count input,
incrementing bits of a count code that are respectively
stored in a set of memory cells from an initial- value up
to a preset bound in each of a plurality of successive
iterations; and

in each of the successive iterations, shifting the
bits of the count code that are respectively stored in

the memory cells relative to a preceding iteration.

18. The method according to claim 17, wherein the memory

cells are a part of a non-volatile memory.

19. The method according to claim 17, and comprising
reading out a counter value by determining a shift of the
bits of the count code in the memory cells, locating and
decoding the count code responsively to the shift, and
combining the decoded count code with a number of the
iterations indicated by the shift in order to compute the

counter value.

20. The method according to any of claims 17-19, wherein
the set of the memory cells is a first set, and wherein
the method comprises storing a state indicator in a
second set of the memory cells, and upon reaching the
preset bound in each of the successive iterations,
incrementing the state indicator and initiating a new

iteration.
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21. The method according to claim 20, wherein the bits

are barrel-shifted in each of the successive iterations.

22. The method according to any of claims 17-19, wherein
the set of the memory cells is configured to hold data of
a given length, and wherein the count code consists of a
number of bits that is less than the given length, and
wherein shifting the bits comprises storing the
count code in a different subset of the set of the memory

cells in each of the successive iterations.

23. The method according to claim 22, wherein the count
code comprises a sequence of bits, and wherein the method
comprises writing a predetermined delimiter value to the
bits in the set of the memory cells that immediately

precede and succeed the sequence.

24. The method according to claim 23, wherein the method
comprises writing a predetermined constant value,
different from the delimiter wvalue, to the bits in the
set of the memory cells that are separated from the
subset of the set of the memory cells by the bits that

immediately precede and succeed the sequence.

25. The method according to claim 23, wherein the
sequence comprises at least first and second sub-
sequences, and wherein the method comprises writing the
predetermined delimiter value to at least one bit in the
set of the memory cells that separétes the first

subsequence from the second subsequence.
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