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Application with the sanme title and inventors as
present, assigned USSN 10/131, 605, filed April 24,
2002, and which is incorporated herein by reference
for all purposes. BACKGROUND OF THE | NVENTI ON The
present subject matter generally relates to particul ar
flash nenory storage applications. Mre particularly,
the present subject matter relates to a nmethod of
using flash nmenory for the storage of netering data.
Still further, the present subject nmatter relates to a
met hod for using flash nenory in conjunction with an
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Large anmobunts of data are commonly stored using

rotating storage ”EdiagiESEIéf gﬁg&gtic di sk drives.
Such systens are slow store data.
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with the present subject matter. Various constraints
pertaining to the anount of data

BACKGROUND OF THE INVENTION

The present subject matter generally relates to
particular flash memory storage applications. More
particularly, the present subject matter relates to a
method of using flash memory for the storage pf metering
data. Still further, the present subject matter relates
to a method for using flash memory in conjunction with an
associated memory for the storage and manipulation of
metering data and maintaining such data despite a loss of
power. ‘

Conventional memory systems are well known. Large
amounts of data are commonly stored using rotating
storage media such as magnetic disk drives. Such systems
are slow to recover and store data. Additionally, such
systems require large amounts of power and are relatively
heavy. It has been appreciated in many conventional
memory systems that some data needs to be stored in non-

volatile memory, which by definition maintains data



that can be erased at a given tinme fromcertain
existing flash nenory systens have limted their
W0 y@icoadosuse to storing progranms and const ant spevak20a5/@33606

erased and then rewitten in their entirety. In

general, such systens are not; used to store data

because data is typically not changed in its entirety.
Instead, data has typically been stored in alternative
menory structures, such as EPROVS, EEPROVS, and a
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store data and are
of certain types of RAM, namely battery-backed RAM, there

are additional lifetime costs associated with the
maintenance of the battery.
Early flash memory systems consisted of a single

20 storage block for storing information. Such individual
storage locations cannot be rewritten to until such time
as they are erased. The erasure of stored information in
such memory, however, cannot occur on a partial basis.
‘'Instead, erasure of such information must be complete at

25 which point all previously stored information is lost.
The number of times flash memory can be erased and then
rewritten is also limited over the lifetime of flash
memory, and has also thus been a concern for certain
applications.

30 Conventional flash memory systems have been

developed such that they are more useful in storing data.



ideally suited for use in the storage of netering
data. While each of such storage bl ocks nust still be
we@e@sesbesn its entirety, such flash nmenory devPCEES2005/033606

contai n enough small storage blocks to satisfactorily

mai ntain stored netering data. These conventi onal

flash nenory systens consune very little power and are
relatively fast to operate. New flash nenory is al so

much nore cost effective than other non-volatile
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systems. As the demand for the storage of more metering
data is made in the utility industry, cost savings
realized through the use of more efficient and cheaper
memory systems will be significant.

20 Non-volatile memory systems have been used in the
past for various metering applications, but utilization
of flash memory has been limited. Some conventional
metering systems have utilized non-volatile memory for
the storage of constant values and equations for

25 performing calculations that may determine otherwise
desired parameters of a meter’s performance or the demand
therethrough. One example of the use of non-volatile
memory structures in metering applications is U.S. Patent
No. 5,548,527. Yet another example is found in U.S.

30 Patent No. 4,361,877, which provides for the use of non-

volatile memory to store a set of data measurements



further processing to obtain the desired data and
replaced by a new nenory structure. Uilizing a
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attenpt to preserve such data during power outages to
ensure the continuity of the usage data despite the
power loss is the aimof U S4 Patent No. 4, 335, 447.
O her patents referencing the use of various types of
menory structures to handle and store utility netering
data include U S. Patent Nos . 4,783,623; 4,792,677;
4,352,:038; obe 2 70563 Hnd5 cBhpi DEB; wiB I3 A7 ah145s6c UNMFEB22;
5,918, 380; .5,994,892:. 6,006, 212: and 6 of
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All of the above-referenced patents are incorporated
herein for all purposes by virtue of present reference
thereto.

While useful for their purposes, none of the above
references solves the problems addressed by the presently
disclosed technology, namely, the need for a cost-
effective, efficient, non-volatile memory structure and
associated methodology used to store metering data while
not requiring replacement.

It is, therefore, desirable to provide a method for
using a more cost-effective memory, such as flash memory,
to store metering data. Still further, it is desirable
to provide a method of using such flash memory in
conjunction with an additional associated memory
structure to reduce the number of times flash memory is
written to and erased, thus helping to extend the useable

life cycle of the flash memory. Finally, it is desirable



nmetering data in conjunction with an associ ated nenory

structure for use in updates and mai nt enance of the
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the mai ntenance of that data during a | oss of power.
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It is, therefore, a principle object of the
disclosed technology to provide a method for using non-
volatile flash memory for storing information. More
particularly, it is an object of the present subject

20 matter to provide a method for using such memory in
conjunction with an associated memory for storing and
maintaining data. It is a related object of the present
subject matter to provide a specific algorithm for
transferring data between flash memory and an associated

25 memory to minimize the number of times the flash memory
is written, erased, and/or rewritten thereto, thus
helping to prolong the life of the flash memory.

It is a further object of the present subject matter
to provide a method of protecting metering data during an

30 unscheduled loss of power or during a regular (i.e., user

planned) meter power down. More particularly, it is an



of protecting netering data during a | oss of power
using a conbination of two distinct interacting nenory
wGRaaosasses . It is still another object of thBCT/US2005/033606
presently disclosed technol ogy to provide a nethod
that is cost effective for storing netering data. In
such context, it is a furthef object of the present
technol ogy to provide a nore flexible and efficient
nmet hod for the storage of netering data. Additional
obj ects and advantages of the present subject matter
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scription as follows. Also, it should be further

15 appreciated that modifications and variations to the
specifically illustrated and discussed steps, features,
and materials, or devices hereof may be practiced in
various embodiments and uses of the disclosed technology
without departing from the spirit and scope thereof, by

20 virtue of present reference thereto. Such variations may
include, but are not limited to, substitutions of
equivalent steps, elements,.features, and materials for
those shown or discussed, and the functional or
positional reversal of various steps, parts, features, or

25 the like. .

Still further, it is to be understood that different
embodiments, as well as different presently preferred
embodiments, of the present subject matter may include
various combinations or configurations of presently

30 disclosed steps, features, elements, or their equivalents

(including combinations of features or configurations



(i ncl udi ng conbi nati ons of features or
configurationst hereof not expressly shown in the
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accordance with one exenplary enbodi nent of the

present subject matter, a nmethod for storing neter
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of menory structures, including at |east one

associ ated nenory buffer and a non-volatile flash

menory structure having a plurality of menory bl ocks.

Mehekedat mott epieeBsi gt shewnfinndeorf igpres par afdtefsin
product or service may then

associated with a utilit

béhSb?ﬁFﬁkﬁﬂgﬁgﬁ§Fﬁpééo?%'the associ at ed menory

buf f er 1n Whetbiduhcas sachavee evemplyryuhieedimerftyldf, thRe

data is copied to | east one c ¢

f Ipé§ﬁeﬁ‘én§)??/3.eglthé“a%\t'§%|‘ yoBUF eoras?é)% %ﬁgﬁ%;gq%t%fsreggaﬁd
5 aiflkashepoimtaritiniedtep af nexdvitliogkaoplftakityrefory,

h that the data st t uent
R e T e S

UiteibriyhBu leé B &tdredonnvblashlareimsh begons $torudpest

its predeterm ned staqrage se nce . N c nce
B oR haF VERETS! Sy MERBod MRt 5t PRGC b Saght
subkjpeebenaht £ve @& netchod nbrstwriangteost epsousdted with
updated.neter data in a utilit ter.in

0 oBegetor Thr Bbrditg 4 sRarLF? ol Tian by b Peited
i ndloddngnathé edstocdine cdssenday 6dififenor yWhet fgre and a
non-vol atile flash Menory . stpuct ure, i pLn ! d
meEPCdatsd BEBrihy HHhé “upda %f(:if et er %gtacl? a,g']g dcgcf%&getdg?;tg)
when 1paver che $dp=dttdd ibtlpched £rthes fdiasabiedorandrhe

COPheRd, BOEAE AT 3y POl R E e

15 moved to a next block of flash memory, such that the data
storage steps can be subsequently repeated until either
the flash memory is full or until the data stored in
flash memory begins to repeat its predetermined storage
sequence.

20 In accordance with another exemplary embodiment of
the present subject matter, a method of storing
continuously updated meter data in a utility meter
includes the steps of providing a plurality of memory
structures, including at least one associated memory

25 buffer and a non-volatile flash memory structure,
obtaining updated meter data, storing the updated meter
data, detecting when power to the utility meter is
disabled, and copying the updated data into the flash
memory structure. The meter data is representative of a

30 measured or distributed amount of a utility product or

service, such as electricity, water, gas, cable or



measured or distributed anount of a utility product or
service, such as electricity, water, gas, cable
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el ectricity neter, for exanple, the data may be

watt hours. A flash pointer may be utilized to

determ ne to which block (s)8of flash nenory the
watt-hour nmeter data is to be copied. A still further
exenpl ary enbodi nent of the present subject matter
corresponds to a nethod for storing and altering neter
dated ecbathan stot Bthd elrvack, (s)c of Il abk peaeryf ian
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gH:%Pp@%ggg%a£éé§%ology will become better understood with
reference to the following description and appended
claims. The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate an embodiment of the present
subject matter and, together with the description, serve

to explain the principles of the technology.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present
subject matter, including the best mode thereof, directed
to one of ordinary skill in the art, is set forth in the
specification, which makes reference to the appended
figures, in which:

Figure 1 provides a block diagram illustrating
aspects of the transfer of data between a given non-
volatile memory and an associated memory in accordance

with the present subject matter;



menory and an associ ated nenory in accordance with the
present subject matter;Figure 2 is a flow chart
walcagnasssof t he data preservation met hodol ogy POT/UPDINE033606
| oss occurrences in accordance with the present
subject matter; Figure 3 is a flow chart diagram of
the data storage nethodol ogy?for newy acquired data
in accordance with the present subject matter; and
Figure 4 is a flow chart diagramof a data
preservation and storage nethodol ogy that provides a
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be made in detail to presently
preferred embodiments of the disclosed technology,
examples of which are fully represented in the

20 accompanying drawings. Such examples are provided by way
of an explanation of the present technology, not
limitation thereof. 1In fact, it will be apparent to
those skilled in the art that various modifications and
variations can be made in the present subject matter,

25 without departing from the spirit and scope thereof. For
instance, features or steps illustrated or described as
part of one embodiment can be used on another embodiment
to yield a further embodiment. Still further, variations
in selection of materials and/or characteristics may be

30 practiced, as well as, alteration in some instances of

some of the order of method steps to satisfy particular



practiced, as well as, alteration in sonme instances of
sone of the order of nethod steps to satisfy
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that the present subject matter cover such

nodi fications and variations as conme within the scope
of the present features and their equivalents. As

di scl osed above, the present subject matter is
particularly concerned with a nmethod of utilizing
flash menory structures for the storage and retention
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anount’s 6C"data. Such as even gs or log profiles.
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limited to such as load profiles, energy data, time-of-
use data, informational data, error/event/history logs,
and self-reads are collected and stored for later
retrieval either by authorized field personnel or via
transmission to a remote location. Such information is
often used, for example, to better determine appropriate
billing rates both for various time periods during any 24
hour period, as well as, alternative billing rates for
residential versus commercial users and for variations in
demand from season to season. In some applications, a
meter runs continuously while amassing relatively large
amounts of data, such as event logs or log profiles. 1In
such an application, the newly amassed data can be
initially stored in an associated memory, for example but
not limited to a RAM buffer, and then incrementally

transferred to a nonvolatile flash memory in accordance
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initially stored in an associ ated nenory, for exanple
but not limted to a RAM buffer, and then

menory in accordancewith an al gorithm (di scussed
herein) that hel ps reduce the nunber of tines data is
witten to the flash nenory.1lin still further netering
applications, netered data such as watt-hours (in the
case of electricity metering) continuously change. In
this type of application, the watt-hour nunber (s) can
beishoafdaldonitas Sadisateskedfdmrininthht ahe bppu| @duce

i.e., ned d d I f
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andneantespondiihgeet hadotbygy fyare afqabpl hganetrer tdat a

and storing such ta_into nonvolatile flash. LY.
TH@téigﬁﬁFa?Vﬁ$ﬁﬁgigﬁ?&t#%ns%ﬁr |dﬁ}gn1aF%§fh%§%P§%ffer
assegGilatedegenat y(i2 ecQnisgur etaniredpepate down or

conjunction wth a nonvolatile flash men 4 .
AP EE TohtTy & PEUEBAT TUTH o 16 Gperate &% e lest
bufdrenhtf 66 ke uf Yaath meeriyngrekatdsd dmd coayucor i @s parid
to.a RAM buffer or_tao another specific formof nenory,
sUd¥ 4$°Bathot T1Hi%ed to EPROM EEPROM Ferro RAM
ShadowrBAWN r Dfig hadu efdy Figckedl RAMDb lAskodi aty eam naspmpirat s2
preferably_includes .a plurality of. data bl ocks 6 ...
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Wesh mewredai ani 6f atigiirneed bychudds ldr ypseeteated tméamory 2
configured to operate in conjunction with a nonvolatile

flash memory 4. Associated memory 2 is configured to
operate as a buffer for acquired metering data, and may
correspond to a RAM buffer or to another specific form of
memory, such as but not limited to EPROM, EEPROM, Ferro
RAM, Shadow RAM, or battery-backed RAM. Associated
memory 2 preferably includes a plurality of data blocks
6, which are respectively represented in Figure 1 as DATA
1, DATA 2,..., DATA N, and flash memory 4 preferably
includes a plurality of flash memory blocks 8
respectively represented as BL 1, BL 2, BL 3,...

When new data is acquired by a utility meter, it is
initially written to a block or blocks of associated
memory 2. Subsequently measured new data is sequentially
written to the associated memory 2 until the associated

buffer 2 is full. The associated memory serves as a
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initially witten to a bl ock or blocks of associ ated
menory 2 . Subsequently neasured new data is

the associated buffer 2 is full. The associated menory
serves as abuffer, and when the associated nenory 2 is
full, all the data stored th¥rein is witten to a

sel ected enpty bl ock or blocks 8 of non-volatile flash
menory 4 . After the data is witten to flash, the
associ ated nenory buffer is cleared so that nore data
camfkferwr ahdewhem tihe agadciheedamenryadsier fpkbcedd the
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I NCre to point to sequential blocks of
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arrays of flash blocks 8 can either sequence circularly
(i.e., newly buffered data is written to the flash block
containing the oldest data) or the flash memory 4 can be
written to until all the flash blocks 8 are full, at
which point data transfer between the associated memory 2
and the flash memory 4 stops. The flash memory 4 can
then be cleared when the meter is read, so that more data
can be stored therein.

The associated memory buffer 2 is used to reduce the
frequency of data writes to flash memory 4. An entire
memory buffer of, for example 20 or more load profiles
entries is filled up before the block is written to flash
memory. An exemplary data storage size for associated
memory 2 may be about 2K, which may preferably correspond
in some embodiments to the size of each block 8 of flash

memory 4. In such instance, if the total storage size of
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preferably correspond in sone enbodi nents to the size

of each block 8 of flash nemary 4 . In such instance,

if the total storage size offlash nenory was 256K and

each bl ock 8 corresponds to 2K of storage, then 128

respective block transfers of data from associ at ed
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the "aSSocrated nmenory i s generally some fractiona
sicomtefinthet f lestt mbeotythirtsHold diséiappr £t sgmory
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buffers may be running at the same tine, and being
r esedti vhbyldopt ebrirscoathe fhatsHheepppgciateggiemory
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dedicated to storing load profile data, while another
10 sepahaughnehergs dndifagied2menp sy getlideared ey 397 i ng
e"f“‘z%tct'i%%a %’f@ Qutder £2,8Adydmor,£aN respectively
copy into different streans of flash blocks 8 as they
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which d protection schene i s provided
can be dedicated to storing load profile data, while
another separate memory buffer 2’ is dedicated to storing
event logs. Each buffer 2 and 2’ can respectively copy
into different streams of flash blocks 8 as they
20 respectively fill up. Multiple flash pointers may be
employed to determine to where each respective buffer
will copy in the flash memory.
In accordance with a more particular aspect of the
presently preferred embodiment, Figure 2 shows a flow
25 chart diagram 20 in which a protection scheme is provided
for measured data during the occurrence of a power
failure or a regular meter power down. Metering data is
stored in a supplemental memory structure, such as an
EPROM, EEPROM, or a Ferro RAM, Shadow RAM, battery-backed
30 RAM or other similar memory structure. Such supplemental

memory is associated with a non-volatile flash memory



for measured data during the occurrence of a power
failure or a regular neter power down. Metering data

WO 200808568@ i N a suppl emental menory structure, PEIUR2085033606

an EPROM EEPROM or a Ferro RAM Shadow RAM
battery-backed RAM or other s m|lar nmenory structure.
Such suppl enental nenory is associated wth a

non-vol atile flash nmenorystructure, and thus may be
hereafter referred to as "associ ated nenory." Upon the
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the presently stored data is rewitten in step 26 into
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acquired nmetering data nay be preserved.

stored data is rewritten in step 26 into the non-volatile
flash memory from the associated memory structure. 1In
certain instances, it is desired to transfer all or
selected portions of data stored in the associated memory

20 structure into flash memory at step 26. By definition,
the non-volatile flash memory structure will maintain
without loss all of the data stored therein despite the
lack of power to the memory. In such a manner, all of
the previously acquired metering data may be preserved.

25 Continuing with the exemplary embodiment of the
present subject matter illustrated in Figure 2, upon the
occurrence of step 26 a meter begins checking at step 28
for a restoration of power to the meter, or for initial
provision of power during a typical meter power up.

30 Details of checking for the restoration or initial

provision of power, which form no particular aspect of
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Continuing wwth the exenplary enbodi nent of the
present subject matter illustrated in Figure 2 , upon

step 2 8 for a restoration of power to the neter, or
for initial provision of power during a typical neter
power up. Details of checking for the restoration or
initial provision of power, which formno particul ar
aspect ofthe present technology, may be acconplished
in any of nunerous previously known ways. |If no power
i shdepeesent aIeCS‘tr@QOQS, nae hrowacodetéehednin any of
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flash memory will be prepared to store new information
upon a subsequent power failure. After completion of
exemplary step 34, the process loops back along path 36
to the beginning of the process 20 where the pertinent
technology once again begins checking for the next loss
of power.

In such method, the limited use of the non-volatile
flash memory structure aids in reducing the continuous
writing, erasing and rewriting of data, which would
otherwise limit the useful life of the memory structure
itself. Furthermore, due to the somewhat limited nature
of flash memory (i.e., requiring an entire storage block
of data to be erased and written over anew), such
methodology aids in reducing the time required by the
metering system to properly record each newly measured or
calculated piece of data.

In accordance with another aspect of the present
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otherwse limt the useful life of the nenory
structure itself. Furthernore, due to the sonewhat

entire storage block of data to be erased and witten
over anew) , such nethodol ogy aids in reducing the
time required by the netering systemto properly
record each newly neasured or cal cul ated pi ece of
data. In accordance wi th another aspect of the
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simlar menory structure is also provided. Each of the
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typical residential or commercial use solid-state
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technology and are well known to those of ordi nar%
ot
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need to update the stored information. In
present technology and are well known to those of
ordinary skill in the art. As such, the meter itself
will not be discussed herein.

Upon the acquisition of newly measured or calculated
data, such as but not limited to event/error/history
logs, load profiles, time-of-use data, self-reads, etc.,
there exists a need to update the stored information. 1In
accordance with the present subject matter, the detection
of this new data may be done in a variety of fashions and
is indicated in Figure 3 as new data indicator 42. One
example of how new data could be indicated is to compare
newly acquired data to that already stored in non-
volatile memory to determine if the data requires
updating. The present subject matter employs a process
such as exemplary data preservation and storage method 40

to update newly acquired meter data. Such methodology

requi ri POI/E82005/033606
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detection of this new data nmay be done in a variety of
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i ndi cator 42. One exanple of how new data coul d be
indicated is to conpare new yy acquired data to that
al ready stored in non volatile nenory to determne if
the data requires updating. The present subject matter
enpl oys a process such as exenplary data preservation

ang, 540k 808 HBLH0ch AQuind ey pdat €i MM thea a7 6Th fHleer
data. Such net hodol ogyworks to reduce the nunber of

t iftesht RemABK- Vet atld ErPPESha Mt noiF Sk bBY2rased and

r ew it heRi hhust$ engiheniagli tssgdd eatinve khé esdedr.
within the neter. There coul d be other specific
appl i cArrsAsCPREd Reqiiles aPeet bt @Prdricathers clifyi ng

s Of  alide SHEB 28idh ACCRhdancrang idy RET Liakl] Ngueretsy in
upgrades, that aspects of the present subject nmatter,

espr@rseRgewri B reaifediing BpheF e'egradegy bRabit3 IS
Coit idpdl RgeVbhh $heexemakacy, pé%%g:i%l‘i@ af thi g & to
a

a determ nation of whether store ta needs updati ng
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Recent advances in flash memory have provided for

small erase-block flash memory structures. This means
that the amount of data read into an associated memory
structure in step 46 is much smaller than might

20 previously have been possible. Such advanceé in flash
memory technology make the use of flash memory in
metering applications more feasible since exemplary
metering systems require about 256K of non-volatile
memory and about 2K of supplemental memory. Thus, the

25 amount of data read into an associated memory structure
in step 46 has a minimum and maximum limit based on
specific memory constraints. The minimum amount of data
read from flash memory is equal to the smallest block
size in flash memory. Existing flash memory may be

30 characterized by about a thousand blocks or more per data

array. The maximum amount of data read from flash memory
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nmetering applications nore feasible since exenplary
netering systens require about 256K of non-volatile

amount of data read into an associ ated nenory
structure in step 46 has a mgni mrum and maxi nrum |l imt
based on specific nenory constraints. The m ni num
anmount of data read fromflash nenory is equal to the
smal | est bl ock size in flash nenory. Existing flash

n§g0g¥eHaX6b Qﬂﬁkﬁ%ﬁﬁ%ﬁzﬁg'gﬁaﬁggH%g@ i housand dpleocks

nmor e per data array. The maxi num anount of data
r@adotn@nedlra@ﬁpmmphuS?ep 46 is determ ned by the

stor ag%P' ' g%éo&aée*ae @RS Ps @Eﬁﬁcﬁﬁ@w stL ugﬁyr&atThe

associ ated” neno structure nmay be one that all ows for
ttaé,lolwangpngtlé@ cgiangupe‘at(ﬁn@) ofeddatiaoh phodata e thesd

Fofehbabngb L N Al @l abNe) 1302 G olagR! 8k NGed tadtinh i ¢
y acquired matelng dat a aS|st e case Wt
fluasﬂu bRONY W1y restEdedontyer inti dadgaksbisstipd case with

'fkflo“m £08 82 pﬁlsugﬁw LR Y 1he AdahernsEorage bl ock

can ang menotry structure thus reducing
th'mftOirmatnequw gtedded wpdhinnghe mntdaeastThage lock can

S%'ee%%%gggh%k sﬁdplm%m ogggééa@lées h6Rd 8L O A€ he

asSoCl a menory I n ste , whi ch p0|nt data can
be ialet epadinkd hfor turslaadsecthe edptrenpMusn 8t aplergedon

tpb%t compl.eti 9o, of o4 he cal & @r@gé&%g%@@ assypdatd o)
(0] e

e previously stored data int assocl ated nenory
strerctryr éni atsp efpp 4t whechope vl atdatiae chhabh akirred

gg&f{gﬁq}q %svggyéélvatce%n&n@@gwg,he noaﬁ]allstered data may

erased i n st updat ed data may
t hen b@nr ehei t@remlem!toml Phiethewh jt aradsedsstoralyea bl ock

oﬂl%ﬁ.lﬁ%é X?'@ﬁé'ﬁ%éUf%%@l?EQPéﬁéd'hé%%eﬁn5€he é£E0c1ated

memory structure in step 48, the non-volatile flash
memory segment previously containing the unaltered data
may be fully erased in step 50. The now updated data may
then be rewritten into the newly erased storage block of
the non-volatile flash memory in step 52. In accordance
with the presently disclosed technology, the method then
feeds back at path 54 to repeat itself so as to
continuocusly offer the most up-to-date metering data.

While details thereof form no particular aspect of
the present subject matter, the non-volatile flash memory
structures may be provided to contain enough data to
represent a utility-provider-defined time period such as
one month. In such an instance, appropriate field
personnel may “read” the meter to obtain the data either
through direct viewing or by remote

transmission/reception of the data at regular intervals

menory. TROUEDS1008033606
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Wiil e details thereof formno particul ar aspect of the
present subject matter, the pon-volatile flash nenory
structures may be provided to contain enough data to
represent a utility-provider-defined tinme period such
as one nmonth. In such an instance, appropriate field
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In an effort to avoid the loss of any previously
acquired meter data in the event of a power failure, a
first step in exemplary method 100 corresponds to
checking for such a power loss with detection means 122.
If a power loss is detected at step 124, then there
exists a need to transfer the metering data to a non-
volatile memory structure. Upon a finding that such a
need exists, all metering data within the associated
memory structure used for temporary storage and updating
or other changing of data may be transferred to the non-
volatile flash memory structure in step 126.

Exemplary methodology 100 then begins a continuous
check via step 128 and path 130 to determine if power has
been restored to the solid-state meter. Such a
determination may be made through any of the known

methods and as it forms no particularly critical aspect



If a power loss is detected at step 124, then there
exists a need to transfer the netering data to a non
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need exists, all nmetering data within the associ ated
menory structure used for temporary storage and
updati ng or other changing of data may be transferred
to the non volatile flash nenory structure in step
126. Exenpl ary net hodol ogy 100 then begins a
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acquired data to that already stored in the non-volatile
memory to determine if the data requires alteration. The
later method works to reduce the number of times the non-
20 volatile flash memory must be erased and rewritten, thus
lengthening its effective lifespan within the meter.

When it is determined in step 144 that the stored
data requires updating, the storage block containing the
old data is read from the non-volatile flash memory

25 structure and copied into the associated memory structure
in step 146. The determination of the appropriate
storage block of memory may be based on the use of a ring
flash memory such that each successive set of newly
acquired data belongs in the next successive segment of

30 the ring memory, or other non-successive segment schemes

may be alternatively practiced, per the present
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meter. When it is determned in step 144 that the
stored data requires updating, the storage bl ock
containing the old data is read fromthe non-vol atile
flash nenory structure and copied into the associ ated
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steps, such description is for illustrative purposes

only. The words used are words of description rather
than of limitation. It is to be understood that changes
and variations may be made by those of ordinary skill in

20 the art without departing from the spirit or the scope of
the present subject matter, which is set forth in the
following claims. In addition, it should be understood
that aspects of various other embodiments may be
interchanged both in whole or in part. Therefore, the

25 spirit and scope of the appended claims should not be
limited to the description of the preferred version

contained herein.
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changes and vari ations may be nmade by those of

spirit or the scope of the present subject matter,
which is set forth in the fojJowing clainms. In
addition, it should be understood that aspects of
vari ous other enbodi ments nmay be interchanged both in
whole or in part. Therefore, the spirit and scope of
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pl'ural’i ty of menory structures including at |east one
associ aredidenwry mluffedd tyhaf anereiy ed rbgtares rnrcluding
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bl tickss paeHethantwtdrstredgbysazsevvhd pradepéshi bredflash
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east one associated nmenmory buffer; detecting when

I
sal d at’ ] 8ast’ one associ at ed menory buffer is full;
and copptagnihe meter idatsairdraeserstivenefassecpatere

i S s e e R
The netstodiof ehad mdter fdateher tonmt dieagtt heest ep
afatsesrocsi%itgdcglng)p}g ]g&@f_%rgf erasing the at |east one
detecting when said at least one associated memory
buffer is full; and
copying the data in said at least one associated
memory buffer into at least one selected flash memory
block of said non-volatile flash memory structure.

2. The method of claim 1, further comprising the step
after said copying step of erasing the at least one
associated memory buffer such that it is configured to
store additional meter data.

3. The method of claim 2, further comprising the step
of*continuously repeating said obtaining, storing,
detecting, copying, and erasing steps.

4, The method of claim 1, wherein the at least one
selected flash memory block to which data is transferred
in said copying step is determined via a flash pointer
that indicates the flash memory block to which to begin
copying data.

5. The method of claim 4, further comprising the

in the art without departing fronusines33coe



associ ated nenory buffer such that it is configured to
store additional neter data. 3 . The nethod of claim2
WQ 2d0a0sdesr conpri sing the step of *conti nuousl yPCT/US2005/033606

repeati ng said obtaining, storing, detecting, copying,
and erasing steps. 4 . The mgthod of claim1l , wherein
the at | east one selected flash nenory bl ock to which
data is transferred in said copying step is determ ned
via a flash pointer that indicates the flash nenory

bl ock _t pch I.n.,C I data. 5 . The nethod
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The method of claim 7, wherein the at least one
selected flash memory block to which data is transferred
in said respective steps.of copying meter data from each
of said plurality of associated memory buffers is

5 determined via respective flash pointers that indicate to

which flash memory block to begin copying data.

9. The method of claim 1, wherein said first and
second predetermined storage sizes are substantially
equal.

10. The method of claim 1, wherein said non-
volatile flasﬁ memory structure comprises at least
thirty-two distinct flash memory blocks.

11. The method of claim 1, wherein said at least
one associated memory buffer comprises one of EPROM,
EEPROM, RAM, Shadow RAM, Ferro RAM, and battery-backed
RAM.

12. The method of claim 1, wherein said meter

data comprises at least one of history logs, event logs,
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9 . The nethod of claim1 , wherein said first and
second predeterm ned storage sizes are substantially

vol atile flash nenory structure conprises at | east
thirty-two distinct flash nmemppory bl ocks. 11. The

met hod of claim1l , wherein said at | east one

associ ated nenory buffer conprises one of EPROM
EEPROM RAM Shadow RAM Ferro RAM and battery-backed
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data conprises at | east one of history |ogs, event
| oggederr ond| opRray cwdsSPRBEiPe i, time-of -use data,
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of storing continuously updated neter data in a

utdatiat ynrat ek il Eenpiatsitng CPRR 518k toF: SpeBYi et hg a
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associ ated nenory buffer characterized by a first
pr&deeasii aed a3 EFEesi rengnd R G voraprreriiesipy a
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stusmege skzectert diafing apaaredlhet @f dapgh memory
I eprRsentathVenofad J1BasHr 8¢ 9T siid ihdbiede aapay  of
utility product or service; storing said updated neter
dateraget Rezat | east one associ ated nmenory buffer;

det ect igpg aWHERy POVt SO rleher UGkt d tyegTRERh th i 6k sebl£d;
and copying the updated neter data in said at |east
ofteasured or distributed amount of utility product or
service;
storing said updated meter data in the at least one
associated memory buffer;
detecting when power to the utility meter is
disabled; and
copying the updated meter data in said at least one
associated memory buffer into at least one selected flash
memory block of said non-volatile flash memory structure,
wherein said at least one selected flash memory block is
determined via a flash pointer indicative of such
location.

14. The method of claim 13, wherein said at least
one associated memory buffer comprises one of EPROM,
EEPROM, RAM, Shadow RAM, Ferro RAM, and battery-backed
RAM.

15. The method of claim 13, wherein said detecting
step comprises detecting when power to the utility meter
is disabled via regular meter power down or via

unscheduled loss of power to the utility meter.

wher ei n SECTIUSI®NS/033606



associ ated nmenory buffer into at | east one sel ected
flash nmenory bl ock of said non-volatile flash nenory
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menory block is determined via a flash pointer
i ndi cative of such location,s 14. The nmethod of claim
13, wherein said at | east one associated nenory buffer
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RAM and battery-backed RAM 15. The nethod of claim
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in at least one selected segment of said at |east one
mul ti - segmeng edatd tenedndnyast keastuoaec aedeshed spament
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rnﬂﬁnqptggﬁuépg¢e§aid at least one associated memory

structure;

updating selected data within said at least one
associated memory structure;

erasing the at least one selected segment of said at
least one multi-~segmented flash memory structure from
which data was transferred in said copying step; and

rewriting the updated selected data from said at

 least one associated memory structure to said at least

one selected segment of said at least one multi-segmented
flash memory sfructure.

18. The method of claim 17, wherein said at least
cne associated memory structure and selected segments of
said multi-segmented flash memory structure have
substantially the same amount of data storage capacity.

19. The method of claim 17, wherein said at least
one associated memory structure comprises one of EPROM,
EEPROM, RAM, Shadow RAM, Ferro RAM, and battery-backed
RAM.

20. The method of claim 17, wherein said data



erasing the at | east one selected segnent of said at
| east one nulti-segnented flash nmenory structure from
wovkiochsasd a was transferred in said copyi ng steEr/usawds/033606
rewiting the updated sel ected data fromsaid at |east
one associ ated nenory struct;[.ére to said at |east one
sel ected segnent of said at [east one nulti-segnented
flash nenory structure. 18. The nethod of claim17,
wherein said at | east one associ ated nenory structure
and s§llect ed_sg gment s of SI?I gl tll segrrente flas
§?ructfure Hav&esGbst ant il 1Y Phee a Sumer&or
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wherein said at | east one associated nenory structure
cSHSFPEeSCBRE ST EPRAVE ' EEPROM RAM  Shadow RAM Ferro
RAM and battery-backed RAM 20. The nmethod of claim
17, wherein said dataconprises at |east one of history
| ogs, event logs, error logs, |load profile data,
ti me-of -use data, self reads, or energy consunption
dat a.



