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I X& | NVENTI ON The present invention relates to a power 5
‘preservation systemfor volatile menory with nonvolatile backup nenory,
‘and, nore particularly, is directed to. a system for providing tenporary
‘power during unintentional’ @ﬂﬁ@ '% power .
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15 equipment, an interconnection network and so forth.

When the eléCtric power system transfers
between power sources, power outages and transients may
occur. In fact, due to vibration, outages and transients
occur very frequently. This causes serious problems.

20 One such problem is that, unless special
precautions are taken, data stored in the aircraft
computer memory will be lost due to such power'outages.
Maintaining the reliability of this information is a
serious problem because the data is crucial to flight of

25 the aircraft, operation of weapons and so forth. _

" One conventional technique for preventing loss
of data due to power outages in aircraft is to use
magnetic core memory as the memory'for the computer.
Advantages of core memory include insensitivity to power

30 outages, robustness in a harsh environment, operability
over a wide temperature range, no wear problem (long
life), and a relatively fast access time, such as one
microsecond. Disadvantages of core memory include its
relatively large physical size, such as 6" x 9" x 1.4"

35 for 256 kilobytes, its relatively high power usage, such
as forty watts when accessed, dest:uctive read-out (all
core memory used in aircraft is of this type), poor



m crosecond. D sadvantages of core nenory include its relatively large --
physi calWi%/9252 ,ch as 6" x 9" x 1.4" 35 for 256 kil obyt e®CTUSSS/HASHL | vel y

hi gh power usage, such as forty watts when accessed, destructive .
“read-out (all core menory used in aircraft is of this type), poor

WD 96/ 10257 2 PCTf US95/ 11761

2 avai | abi | of small geonetry ferrite cores, and difficulty in

provi di ng faSY%*li i1ity: pfiosmad i, g8ORLETY ferﬁ?tﬁDHQIFEGeﬂmdalrcraft

Anot her COnv@ﬂf%ﬁltyeﬁhnpﬂﬂeidinél fahltéruﬁééesé t'iﬂe%p%%e%%% rehs 10 use
a plated w schenme, wires coated wt ghetic

re_nenpry
mat eri al ebYalF‘SP moderﬁa?éﬂr?ﬁ?ftand perpendi cular to the wires are w de, !
flat conductors fuhnotberngonxembidnairapehnmqaadvayba@aalgfused pl at ed
wire menmog ﬁE@b h| S ver e
(substantlal*ﬂq+ar e?fé an ggrgan%ﬁ%rg ﬁlhgéa wl?g ﬁQ*§ éad c rcia
avai | abi | i t yS€h eme, wires °°%B?GIV¥EhrEﬁEBﬁF&GcE§§e#é#6r9r9RAIﬁdwdnh

battery bacl@a:rimebﬁeanaSWpénéﬂﬁﬁlaﬂ taatueaw&eaaf hre wid@o"‘@‘[[ E| the
a

batteries have royen tP e YO8 | able ﬁgsultlng i n unacle poor
aircraft reatngigtors func ngﬁﬁﬁtﬂg? pPFERPEr t éﬁﬁﬁVQGEaggstefuse
static FymatedthrenmtmugynﬁnolydéoveryehmghtcoeﬁpuVer dagigeo
transfery c abl e
progr amm I}%fc% OﬂﬁEﬁ%& ; v%faf 9 iéggég%xnt goggg ng’ a4t hen
transfer ckﬂkFQEuﬂﬁt¥94 cemmexcial éﬂbél t¥e outage ends. This
techni que has at |eaStVolatiI@’iﬁﬁd&ﬁniccess memory (RAH)'®ithWhile a data
transfer is_a currlrgh ‘
ba ckup has been used in some military. aircraft.

However, the batteries have proven ‘to be unreliable,
15 resulting in:unecceptably poor aircraft readiness.
Another prior art technique is to use static
RAM as the'wo:kihg memory for the host computer, and to
transfer the data from static RaM toleiectronically
erasable programmable ROM chips (EEPROMs) when a power
20 oﬁtaqe occurs, and then transfer data back to the static
RAM after the outage ends. This technique has at least
two problems.
First, while a data transfer is occurring, the
working memory is not available to the host ‘computer.
25 Since transfers may occur at critical points in the
aircraff flight mission and since the transfers may take
a substantial length of time, such unavailability is
unacceptable. :
Second, an EEPROM has a limited number of
30 storage cycles; that is,'an EEPROM wears out after a
given number of storage cycles. Because of the frequency
of power outages in aircraft; the limit easily can be
exceeded over the lifetime of ah aircraft. Furthermore,
there is no convenient way of'checking_hew-many storage
35 cycles a particular EEPROM has actually experienced.
Consequently, it is necessary to replace the EEPROMs
frequently to ensure that they will be operable when
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the availability of conputer nenori rrn ority
uni ntentional to mueideERels § systen mdiigh mapa!tains the wauamity

obj ect of the prgsimputededivries @uring the majorlty of unintentional
power outages in an aircraft.
15 A further object of the present invention is to
' ‘provide such a memory systen which has a relatively long
life and is relatively fast and compact while being
rugged and dependable. '

' ~ The foregoing objects are met by the provision
20 of a vehicular computer memory protection system in which
electrical energy is stored during normal operation.

When a power outage occurs, the stored energy is supplied
to the volatile memory for a limited time. The time is
longer than the duration of the vast majority of power
25 outages. Data in the volatile memory is transferred to
the nonvolatile memory only in a relatively small number
of outages having exceptionally long durations.
Since backup powéi is provided during the vast
méjority of power outages, the volatile memory remains
30 available to the host computer during most of the power
‘outages. That is, the access time delay problem in the
prior technique is greatly alleviated.
' " Since the number of transfers to nonvolatile
memory is sharply reduced, for example, to 1% of its
35 former value, the number of store cycles provided by
" conventional nonvolatile memory such as EEPROMs is
sufficient for the lifetime of an aircraft. That is, the
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greatly all %?"'ﬁffﬁ’ and it is unl | kely that the EEPROMs in a given
aircraft will nee re Iacerrent The above, and ot her
obj ects, features and mpﬁo’!tﬁrﬁgeﬂﬂﬂmﬁﬂt ion will be
apparent from Fig. 1 is a block diagram of an apparatus
according to the present invention;_ -and
15 Figs. 2A-2J are timing charts to which

reference is made in explaining the operation of the
apparatus shown in Fig. 1. -
GENERAL DESCRIPTION -
_ Fig. 1 is a block diagram of a data

20 preservation system for volatile memory used in vehicles,
and particularly in aircraft and spacecraft.  As used
herein and in the claims, the term "aircraft" includes
spacecraft and other craft which have power outages due
to vibration, electrical switching and power system

25 malfunctions. Thelsystem of Fig. 1 preferably takes the
form of at least one circuit board for use by a host
computer (not shown). _

The system shown in Fig. 1 is adapted to

monitor an external power supply and to provide temporary

30 internal power to the computer pemory;when_the external
power is unsatisfactory, that is, when there is an
external power outage. o

For example,'aircraft specifications

established by the Department of Defense, such as MIL-

35 STD-704E, dated May 1, 1991, "Aircraft Electric Power
Characteristics", state that the maximum duration of an
outage is 50 milliseconds (msec), with a transient

L4
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PCT/ US95/11761 102, 104, 106, a power interface unit 120, a power
monitor 150, a storage controller 160, an auxiliary
15 memory bank 170, and output terminals 108, 110.

A regulation fault signal (RF) is applied by
the host computer to terminal 102, which conducts the RF
signal to storage controller 160. The RF signal

20 indicates when the external power is bad. The RF signal
also indicates when the external power is good, but after
a predetermined delay. In the presént embodiment, the
predetermined delay is 2 msec. The importance of the RF

. signal is that when it is asserfed, initiation of a new

25 memory cycle (read or write) must be inhibited. The
present invention independently determines whether
external power is good.

External power at first and second levels is
applied to terminals 104 and 106, respectively. In the

30 present embodiment, the first power level is five volts
(5V) and the second power level is fifteen volts (15V).
The first power level is considered to be good when its
actual value is 5V + 7.5%, that is, within the range
4.625V to 5.375V, and is considered to be bad when it is

35 outside this range. The second power level is considered
to be good when its actual value is 1SV + 6%, that is,
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The sécond.external-power level (15V) is used
by the present invention to provide regulated power for

20 an internal power bus and to provide power whiéh-is
stored as backup power.

The power interface unit 120 is adapted to
convert power at the second level to a third level, to

_ provide regulated internal'pQWer at~a'fourth level, to

25 store backup power and to provide the regulated internal
power from the backup power during an external power
outage. The power interface unit 120 comprises diodes
122, 124, 126, current limiter 130, power storage
capacitors 131, 132, 133, 134, and regulator 140.

30 The second external power level (15V) is
applied to diode 122, which is adapted to output a third
power level signal INT14. The second external power
level is specified as having a minimum value of 14.1
volts, so the INT14 signal has a minimum value of 14.1

35 voltslless a drdp across diode 122 of 0.45 volts, that
is, 13.65 volts when being driven by external power.
When there is an external power outage, diode 122
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14.1V to.15.9V, and is considered to be ‘bad when it is outside this
. range. Term nal 104 supplies power-at the first |evel to

" power nonitor 150. Term nal 106 supplies power at the 5 second |level to
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first external fer circuits (not shown)
whi ch function g@ﬂ@ﬂﬂﬁgﬂ»ﬁwepoweraéaﬁé§§apﬁfHPﬁﬁtFBH' i nput / out put data and

controllﬂo inforgation ;@yg1§@@°hg§bxgeﬁpulepowefhgepees&Bcaleb h@®liﬁ§
external |y powered ,interface circui cont.r. Vel s i nterface
bet ween ext er naltiey irFush Surx; 530,' {}élighsgu.nﬁgfmpgaE%ge pat hs
whi ch woul d seduzntidel theerate dfok:haugin‘grrefcshebpoyegcsmage That is,
the buffer 15  Sarad eite%r%S&%*i' 130 3oPRHALAENef B ERARY BGWE%SW& is

i nterface bet we&ft resent i nvent

The second extemuﬁ mmsellérvélffﬁ?&# Py gsggdden B?rﬂﬁecﬁFé'E@ﬁt demand ; on
to provide regulkafsf rdservatidh systemdbrPrig. hustorést ® anm@gjde

nter face uni PRVER addhibe Fresent, SAFRRLnERts, CHETERY SOBAREE d78 (o a
third level 10 01imit¥ @uﬁ@m@dmmmmtnabnpowpeze.a ﬂ'hmtdfdra/,el , to
the EESLﬁpbééﬁ%ﬁﬁr e, A3y sl frePgiized ‘%ﬁ"ﬂ*@er ert ace
unit 120 conpri sapatidihys bank to a level, for example, 11. 1 volts,
sufficient to guarantee that the data written by the host
computer to the computer memory since the last power
15 outage.will be preserved during the next power outage.
Diode 124 functions to provide current
isolation for the power storage capacitc:s relative to
the external power.
Power storage capacitors 131, 132, 133, 134,
20 also referred to as capacitors ci, €2, ..., Cn-1, Cn,
function to store temporary backup power VSTORE and to
- supply this backup power VSTORE when there is an external
power outage. The number n and the capacitance of the
capacitors is chosen to provide a desired duration of
25 tempcrary backup power plus enough power for data
transfer from the computer RAM to backup memory.
'_ For example, when wet tantalum capacitors such
as: Sprague M39006/25-0232H tantalum capacitors, in
-accordance with Military Specification MIL-C-39006 Style
30 CLR81l, are used, each having a capacitance of 330
microfarads, the minimum desired duration for supplying
backup power is 200 msec, the standby current required by
the computer memory and internal logic is 70 mamps, and
the amount of voltage required during this period is 5
35 volts (the voltage required to operate the memory bank
for 200 msec, and to store and shut down gracefully
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| eakage of the backup povvelc = Iagen@yaﬂeﬁt69vpovxer i nterface unit 120.
The second external power |ewel(70 mamps)appl(200 msed)y (S1woldts)cur r ent
limter 130, which functions_t r%gﬁ rate of charglng of the
power st Orage capacitors 1%f 13}Béodﬁ1 e external power supply is
not adver sePprating @acl, 330 micxefanag capacdhoridyardds  when the
pr eser vat 't Oﬂxa%‘iﬁa%ﬂut &fida Etoljeﬁxﬁ@%d@ eraumwt oeﬂﬂtctm.ﬁto AN
enbodi nent, curre current co ion to one
anpere. ThefeWor® °asea;9g szir‘rﬂ]jxﬂ CaPA i‘red to charge the
capaci tor bamwerieford,evel, for exanple 11 1 volts : sufficient to
guar ant that the data w ! en, onput to the conputer
menory g‘lsnce the | ast pO\A/erINto oa?éage v"\ﬁosttnae pr%?%ﬂv d Fl ¢Apachtomext

power outage. Di ode 124 functi offs 2880 /oli7® current
isolation for the power storage capacitors relkafigve to t he externa

power . Power storage c%pa0|tors 131, 132, 133, 134, . "

The capacitors Cl ... Cn function to provide a nominal
capacitance of (330)(16) = about 5200 microfarads, and a
15 worst case capacitance of 2800 microfarads. Under
typical conditions, the preservation system of the
~ present embodiment can supply up to”foux'seconds of
backup power, and under worst case conditions, 200 msec
of backup power. ' B
20 " As an alternative to the above described
capacitors, HYPERCAP capacitors being developed by
Technautics Corporation, Cleveland, Ohio, are suitable
for use in'the'preSeht invention. These rechargeable
solid state capaéito:s‘are constructed of a carbon
25 cathode, a solid state electrolyte and a silver doped
anode. .These'capaéitdrs are.expected to be cdmpact and
highly reliable over a wide temperature range.
Diode 126 functions to supply temporary power
from the power storage or backup capacitors C1 ... Cn
30 during an external power outage. That is, when the -
external power for INT14 signal falls below the level of
available'backup'powér, the INT14 signal is produced from
the backup capacitors. The second external power level
is specified as having a minimum value of, for example,
35 14.1 volts, so the INT14 signal has a minimum value of
14.1 volts less a drop across each of diodes 124 and 126
of 0.45 volts and the saturation vqltage of the current
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PCT/ US95/ 11761 Which is; pdapted.ftp, anéfﬁr&pﬁ-P& tARecVRrYinge INT34paionals
(n = 16) nayoba regulatéd interhal p&webtaﬁaadlaiuﬁslbewa fourth

msec)/ (5 vol ts) 1e¥el, hérein rive volts,(svy, 55 kpacBY the Spabry Bank,
330 microfat@d tdpashdootheri logic insdufed: dni thet preservatiod spspemat ure
%ﬁg‘; ‘;;g'rgnt 9i VEGch aspbwed! mﬁ@iie&‘f 1?:3%5&%@%@5&25 BﬁEfS;Rg? 5.8?
capaci t or "The line on which the INT5 signal-igsgdelivered forms a
o captive power bus, that is, it is substantially
independent of the externally supplied voltage.
15 . BOWER MONITOR
| The power monitor 150 is adapted to receive the
two external power levels of SV and 15V, the INT14
signal, the VSTORE signal and the regulated internal
power INTS, to produce power monitoring signals EXTMON,
. 20 INT5MON, VSTMON, and VSTENMON, which are discussed
further below, and to supply the power monitoring signals
. to storage controller 160. Each of the power monitqfing
signals can be generated by checking thresholds with, for
example, a comparator circuit. It will be appreciated
25 that the INT14 signal is used to power the logic of power
monitor 150, and its level is not monitored. .
STORAGE CONTROLLER
The storage controller 160 is adapted to
receive the regulation fault RF signal, the regulated
internal power signal INTS, and the power monitoring
signals from power monitor 150, and to produce a READY
signal, a hardware store busy HSB signalland a NSTCYC-
signal. The controller 160 preferably is a simple state
machine constructed from an application specific
.35 integrated circuit. Alternatively, the controller 160
may be a microprocessor. |

L
O



= 16 acitors ClL ... Cn function to provide a 1. nhal
capacitgwggsgﬁ (330) (16) = about 5200 m crof arads, and anﬁgbﬂgﬁgfwﬂase
capaci tance of 2800 m crofarads. Under typi cal conditions, the
preservation system of the present enbodi nent can supply up to four

seconds of backup power, and under W8rst case conditions, 200 msec
of backup power. 20 an_alternative. to the above descri bed

capacitors, HYPERCAP @Bﬁagﬁﬁggssbgpﬁ& dbgdcates Hh hg JERARY dank

Cor por ati ony 76! exfl Badac@bseedar anauwhehl the meiwryua:sanm dabﬁmr wnt
i nvention. These rec g state.ca C|tors %re ruct ed

of a car bon2S5eE8fs ! agegghghgpa 5& Fgﬁ;‘tee FeLuEY
anode. Thespreapnvatbon aystempésteeqndrbd tombec ready wheﬂntﬁd y reliable

over a “sderég{ﬁzse%yr eaﬁiegeignal from the hesed%oh%ﬁtfw% '&&% Supp' y

tenporary orage or backup capacitors

30 during EhaEXGEFﬁEFa%oRBVQBU§§g§° That is, when the ext er nal pomer'

for I1NT14 signal falleneelsy smgnhmvcbrebs men@ﬂdﬁmrﬁﬁ!ﬁcw r, t he

I NT14 signal i duc rom tors e seco
ext er nal poREPﬁ g%g g° uanrgBeC|F%85e ?Yﬁ;§' 3%5 {iﬂ for
exanple 35frdd. &tatlicsRAMOtOhBEPRONA backupl ucmpny.nlnlnun1value of

and the“sSaturation vo B
pCT/Usg5/1lqggrations that have occurred. It 1llgbe apgqqqﬁg;ed that is,

14.1V - (2)£ﬂa‘é5¥ioraég éyhtroiﬁeﬁ 160 hﬁbt dn¢1dae @ %xﬂfﬁé&elﬁl@cﬂ nt er nal

backup power. It . be aggr %Eet, be aus %_ %yel of the ‘
backup counts the occurrenc e H ignal an puts the
resulting count as the NSTCYC signal. The NSTCYC signal
15 is used to readily assess the remalnxng life of the '

' nonvolatile memory. - '

4.1 vopps less a drOﬁaCﬁgﬁgyeaﬁgﬂhdm&éa% 3 Ieiper off stoke VOIS |

MEMORY BANK =
The memory bank 170 comprises a plurality of
static RAMs 171a, 172a, ..., 174a, respectively
20 associated with backup memories 171b, 172b, ..., 174b. A
commercially available memory chip incorporating both a
static RAM and an associatcd EEPROM is preferred, such as
a Simtek STK12C68-M CMOS 8K x 8 High Performance
AUTOSTORE Nonvolatile Static RAM, or a Xicor X20C16 High
25 Speed AUTOSTORE NOVRAM. For clarity, only the power
supply and forced store leads of each memory in the
memory bank 170 are shcwn,_although it will be
appreciated that each memory has address leads,
input/output leads and control leads. The power supply
30 lead of each memory is coupled to the regulated internal
power INT5 signal. The forced store lead of each memory
is coupled to the HSB signal from storage controller 160.
' The STK12C68-M chip made by Simtek of Colorado
Springs, Colorado is a fast static RAM having an access
35 time of 35 nanoseconds with a nonvolatile EEPROM element
" incorporated in each static niemory cell, sometimes
referred to as "shadow RAM". The static RAM can be read

L4



=po:/ver vari esy@lobilodsh e, the level of the INT14 signal 5 var pegrosbéhizéi me.

The I NT14 signal is supplied to regul ator 140, which is adapted to
coanvert the tine varying |INTl4 signal to a regul ated internal power
signal INT5 at a fourth - level, herein fiyve volts (5V) for use by the

nmenory bank 10 170 and ot her Ioglc i ncl uded?n the: preservation system

such as power gg& gflégeggg?StOr&ﬂflﬁ?QL&O%LQ%e%ggg t&ﬁslhgﬁé#n?son whi ch

t he I NT5 si gnal VEr S
substantially mdﬂpepéﬁubnnonvolh'eibat@a’qal residesl indEEBROMgEoriip to

PONER MONI TOR  ¢en years. ThE ﬁﬁmunpal 1%111.5& té aﬂaa%eiob%b%cgggﬁ;e

two external power |evels_of 5V and 15V,

signal and the r€¥Gt&Ped AnpEPRg from rc|R#€ teoEEPBE ﬁcﬁsﬁ§w§harge
moni toring si gnakgor&d M, anOextéfAdD\capadiEdr provi@EENEEN, edbhC Btﬁ'i:&c

Lo storage cont r BMcPniBolies Rhep® RAPBIE, 17 RPERpuAR"158akRE, 3r0%a 1

generated by chefNThgleadesficeachvktaticoRAM chiphrpl 3, storenpanaber
[ [ I |1 I [ E
circuit. It w iﬂ?tﬁ%é&%ﬂf@@g%%of@@éré %Vggﬁffg&hg?@%gﬁﬁt grﬁggysgepwer

the | ogic of power noni t 1tsS
STORAGE CONTROLLEhe HSB signal. ?fh’ée%%bls ofjeom oREPRPMcEO 18bakicaBAM: ed t 0

recei ?/eI |t\|¥ g 10935?%&8&6&11;( %rt.-émw alhet hehé eﬂildbﬁ?edoiﬁaq& ?&aé!st am&lSo
si gna an e [ moni tori S ower nonitor

and to produce a E§°f€ S, % Mhen £b&ﬁ%ﬁ£&%n§¥ofgégﬁgg MSB signal and a
NSTCYC signal The controller 160 pORERAZEON is a sinple state

‘machi ne construct ed from %&?%P%ﬁ%?f&égﬁgtibﬂt gé‘?&ﬁdsﬁo&nu'

Alternatively, the control n Cr oproces
Fig. 1 will now be. explained with reference to the timing

15 charts shown in Figs. 2A-~2J.

Three types of power outages are illustrated by
the timing charts in Figs. 2A-2J. Between points E and
H, there is an outage when the memory bank is first
turned on, and before the preservation system has built

20 up sufficient backup power. = Between points M and O,
there is a typical outage demonstrating how the
pfeservation system of the present invention eliminates
the need for a store operation while maintaining
availability of the static RAM for the host computer.

25 After point R, there is a very long outage, such as when
the external power is shut off and a store operation
occurs. ' _ : : o

- Fig. 2A illustrates the external voltage at a
first level (5V) applied to terminal 101 of Fig. 1.

30 . The solid line in Fig. 2B illustrates the
external voltage at a second level (15V) applied to
terminal 106 of Fig. 1. The dashed line in Fig. 2B
illustrates the INT14 signal developed at the output of
diode 122 in Fig. 1. : .

35 Although the curves in Figs. 2A and 2B are -
shown as varying in synchronism with each other, this
‘need not be the case. The present invention is designed
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10 W0 96/10257 The READY signal indicates that the menBEJ/UBMT61 170
can be accessed, and when the nenory bank cannot be accessed, that is,
when a store cycle is occurring. The preservation systemis required to -
be ready when the 5 regulation fault slZzinal fromthe host conputer

I ndi cat es t hat external power is good. The HSB si gnal
forces menotoesotnacheptetibeyinitidtinn 190 new neikdjeritet memorycl e, that

is, to Ioad t &AMt e u
The NSTCYC s 85.3? ?ﬁﬁ?fégt e§ t %ﬁgnu eeréféEgtoreba%ei:gg?g]tal %ns t hat have

occurred. %WWPS be HPWEERY at 3 outagﬂ n the Sxtepnel oveikaggoofay
include a Cmsvteauubsch needcﬁumthaatupqpcwureﬂseﬁeoéupbmiéﬁBfﬁbﬂnal_and

out put s n F‘&ﬁﬁﬁ%@é@ﬁ ggg“. aéntﬂ? f: signal . The NSTCYC signal 15

I's used remal ni ng e of the nonvol atil e nmenory.
MEMORY BANK Fig. 20ciliustrateskthe regadpation fapltrBFity of

static RAMsg %&ﬂa %ﬁﬁﬁied to é&éﬁinafsmtiﬂetyg 01.%&@1@{:6%%&*1 backup

menories 171 ava e nmenory chip

i ncor por at i hﬁaﬁﬁ?ﬁeﬁ thafsmlnom ’a?mg‘é‘gg:s %t%d EEPY@M’?S preferred,
such as inaftatey €L 26K powePSEisbads HMige ﬁré oes 16WTOSTORE

Nonvol a Ie Stati or_a TORE NOVRAM
For cl ai tyas oﬁﬁ’?ntﬁﬁ’\%ﬁ 4%%%%%%WT g*h% ‘éﬁ@%‘d 8F Bach :
menory in tpeedetennimeq delay 190 &msgd:ucaﬁ:elaltMMer betcomes
appreci ate cgﬁg | / | eads and
control IeaﬁaQ&The power su% ‘P&SSgg | ea #ﬁé?ﬁesneeﬂvo#€£€é %gé‘eﬁﬁd to the
regul at ed mbe\ahal not a lrm ax el te operatiens sfxen tbadhesteach -
menory I\?gggfeelotg,é hedisi®y Shariel 176 om st or age cont roller 160.

h

The STKlZCBS 'P n?fe pXDE%{qustratesléhechardware store busy

(HSB) signal produced by storage controller 160 in Fig.
1, and applied to the memories of the memory bank 170 to
cause a store from static RAM to nonvolatile EEPROM
backup memory. A high value indicates no store, while a

20 1low value forces a store operation. The HSB signal -
remains low for the duration of a store operation.

Fig. 2E illustrates the VSTORE signal, that is,

the level of the backup power available from capacitors
Cl ... Cn of Fig. 1. The level of the VSTORE signal

25 varies with time. In the present embodiment, VSTORE
varies from a minimum of zero volts to a maximum of at
least 13.6 volts when driven by external power. Three
thresholds within the minimum to maximum range of VSTORE
are significant. The first threshold, for example, 6.5V,

30 is the level of VSTORE which is sufficient for supply of
the regulated internal power. The second threshold, for
example, 8.0V, is the level of VSTORE representing just
enough energy to transfer data from static RAM to backup
memory and shut down gracefully. The third thresholqd,

35 for example, 11.1V, is the level of VSTORE which is
sufficient to guarantee that the data written by the host




]
Springs, Colwhaglepass a fast static RAM havi ng an access 35 ti %9535-,61

‘nanoseconds with a nonvol atil e EEPROM el enent I ncor por at ed I n each
static nmenory cell, sonetines referred to as "shadow RAM'. The static
.RAM can be read WO 96/ 10257

 PCT/ US95/ 11761 and witten to an

oM for s ?f°%“t43§$°y°”‘=& mﬁﬁfeﬁ%%&% ?'f“”m ?%3' £ BsYRtigytaes " "
store cycl evillAbs mmaétdami@gl?met @eBEPRGVIeursoutalqsr .ge 5 st ored

in an.external  capacitor | if qhs%g_.glgegt %'hbc hown
in Fig. 1, althou rlllocate at%el BAM:LPBUC gﬁk?lcglhl p) .

A store can be GRRe s Mhe ther, syter G‘PilvaP@eEr iFoHEQGft REoEheTRaL8naNe by
the HSB signgl . e&ﬂermﬂn powar [dutiagd. tOThhaEmEHBRNhianaaubﬁﬁ&&hﬂd&'y occurs

shen the 1 NPUC yoh1345 Wl ediitRion ghll KB Blondl,"ISRart bpgboly

sof t war e.
the preservati ommigmh does notrhgvel antiimendelby eftexi the power

reference to thggligiedd gbad, CW&%a%h%% RF E'x%alzéoﬁé have such a time

Three types of power out ages are illustrated by lmng C arts I n
Figs. 2A-2J). B8eAd&¥n poi nts E and "H, there is an outage when the
nmenory bankgips first edeoﬁalaatrheberehbhzuwsnesrsagnan,swa&eﬁlhas

2t ypi cal out agdHIRBTEE: b%e%&s%ﬁ%éls%ﬂﬁ BieBRyhRgnacieven of ke

present !nventlaaastlmhnatdrst thrieshodd] 665Va thatezspeist:uﬁf&bibnt
Lo oY ERTEBAY B SeaiBeRir beeBhl Bt gies b
140. .

15 Fig. 2H illustrates the VSTENMON signal, which
indicates when the VSTMON signal should be ignored, that
is, considered invalid, and when the VS?MON signal should
be considered enabled. When power is applied to the
preservation system, the VSTENMON signal is at a high

20 level, but is treated as if it were at a low level. A
first high-to-low level transition sets a VSTEN flip-flop
(not shown) which remains set until after a forced store
operation from volatile memory to nonvolatile memory.

. When the VSTEN flip-flop is set, the VSTMON signal is
25 enabled, and the VSTENMON signal is not effective. After
| a store operation, the VSTEN flip-flop is cleared and the
'VSTENMON signal is non-enabling until after another high-
to-low transition. |
Fig. 2J illustrates the VSTMON signal, which

30 indicates when a store from static RAM to backup memory

should occur. When the preservation system of Fig. 1 is

first activated, the VSTMON signal is ignored to reduce
the number of stores during times when the host computer
is unlikely to have written anything to the memory bank.
35 '
: - At point A, representing a time of 0 msec, both
external voltage sources are turned on, as shown in Figs.



t he ext r is shut of f and a store operatlon

Fig. ZAG‘?PI%EQ&QQ?% the external voltage at a first Ieve %@\})mappl I ed
to termnal 101 of rig. 1. 30 The solid line in Fig. 2B -
illustrates the external voltage at a second |l evel (15V) applied to
terminal 106 of Fig. 1. .The dashed lind4n Fig. 2B illustrates the

| NT14 signal _deve] gped at the output of |ode 12 1. 35

Al t hough t hé’ Q'n Iﬂ‘tf&se‘@?'hﬁtYQéﬂé? eINT1 %asaniﬂ‘? %‘fﬁ)“q PR,
synchroni smag isheearimifiy. 28U s Additibenhlby, behé HEXTMON. siqia Drafsent

| nvention | % des'z%n%.qxdicate\/g)&@tméwernal powerizis g’ooc%,o %q t&%ept the

PCT/ US95/ 11
initiation ONTSMON stgnal tof ity |26 ind:iﬁﬁ%%s dehathgthe xegulated eit her

of the el erhdlernal Hivweéd g—lcyw Goddoe Ad gmxi,erlnf& g tage of -

15V causes a nee for backup power be uppl i ro t he capamtors
Cl ... Cn i charge gtorage dn'’ capac:,ﬁ.'r 2%1”1113&?*%93?%9 sedheition fault
RF si gnalempldtedrsmmrmgms i 2% riaﬁ g. 1. A high value

i ndi cates that the po \ t hat the
power is bad. The RF gna goes%%%@g&so%kn 2y t%ﬁ%coms bad,
and remai ns disest @abave about:foun Nokks dcths @nm@&fEQOamwer
becomes 10 - otfha a1y LfiHINer oAb S L6 BN AlTNk StShrifBer  ShOUI d

not accept eratigns fromihe host uter,to the

menory bank @PR$ npk comprise a HPreryFiest r%#%%eﬁwh YRR B busy
(HSB) si gnaloutaRfdls: @bdir Simeliatesly 'atter dxXfermaXigbwer supply

commences and before the third threshold is attained by ‘

the VSTORE signal, storage cycles of the nonvolatile

15 EEPROM are avoided.

At point B, representing a time of 2 msec, the
RF signal indicates that the external power is good, and
the memory bank 170 should accept read and write
operations from the host computer. During the 2 msec

20 interval, the preservation system performs internal

- housekeeping functions, such as resetting the NSTCYC
signal counter, and initializing various latches (not
shown) . _

At point D, the vsronz signal of Fig. 2E-

25 attains the second threshold, and the VSTMONisighal goes
from indicating a store should occur to indicating that.
sufficient energy is available to store and shut down
gracefully. However, since the VSTENMON signal of Fig.
2H is non-enabling-due to lack of a first high to low

30 transition, the VSTMON signal of Fig. 2J is ignored.
Meanwhile, the capacitors C1 ... Cn continue to
accumulate charge.

' From point B to point E, the host computer may
be reading data from and writing data to the memory bank

35 170. :

A first external power outage occurs at point
E, approximately 40 msec after external power becomes



%
1, and appl i aplobeidoke nmenories of the nmenory bank 170 to cause a store
fron1stath RAM t o nonvol atil e EEPROM backup nenory. A hlgﬁCVQﬁEQTMI
i ndf cates no store, while a 20 | ow value forces a store operation. The HSB
si gnal remains |low for the duration of a tore operatlon
Fig 2E illustrates the VSTORE signal, that t :the | evel of the backup

| abl T I f th
poter suat S0 LATABIES |96, pxanbiey, o8l sieoial B \ibbet!

vari es from a mi transientzénowhichsthe §e§§ia#ammOtQQerancﬁedswems ®fvol ts
when driven by e r res I
y é\%%b%hxpsw r ard aﬁceeaha Bl ficallin gshgpgme?eg&%

maxi mum r ange of are si E ficant. The first thr

exarnpl e, 6.5V, 3yoltaggnhdevels ap g dedoke ﬁﬁF@ﬁnPéss&Pﬂl@Pénﬂoﬁoﬂr§ﬁpppﬁ of
t he Legrlatﬁds}nbnbwalinonﬁgs. ZhcandcoB( ahdethe RF &ignal ahﬁammbuDNB oV,
Is the level o e 0 t r,ans ta
fromstatic RAM Fggﬁkégga éﬁ%@h@%’%ﬁgi‘éﬁut % %%%aﬁ‘? *if;% ?ﬂ%a{'ﬁ FF

t hreshol d, 35 foWherakbecRF1signali ist Row, ctbe systemOmhowm dn Fig. 1 is
sufficient to guéﬁﬁﬁbﬁﬁdtEatr&?ﬁsﬂaiéaaﬁhhheﬁrﬁietGﬁe&%%&ons £ro el 0257

PCT/ US95/ 11761 conputer to the
menory bank S|ncB°Fﬁe°PEEPtﬁﬁmer outage  will be preserved during the
next power owgpage. ' As an ekagpléel ﬁhluatadteratheeEXIHGNmﬂnwnabhen

et ponch CohESGHHELTSE ESERBA"bnEOkED b3 3k pHBEES siarilents
regul ation faul t mBF ecgunk, Etcéptdesérabme to eﬁiﬁhﬁNtha@nsta@assumﬂ:nbtve.
a lime delay aflehithgeB"By tne PEAGTRS €08Hs1RARECRY 50°HE" t¥adbdlentocs
power dropouts. In the present invention, this function
15 is performed by considering the VSTENMON signal of Fig.
2H to be non-enabling until a first high to low level
transition occurs.
Also, it is expected that critical mission data
will not need to be stored immediately, such as withxn 60
20 msec, after power is turned on, so preserving the
contents of memory immediately after power turn on is not
crucial. _
At point E, as shown in Fig. 2E, supply of
backup powef from capacitors C1 ... Cn commences, and the
25 VSTORE signal begins to decrease. Correspondingly, the
- INT14 signal, now representing backup power supplied
through diode 126 of Fig. 1, also begins to decrease.
At point F, the VSTORE signal drops below the
second threshold, and the VSTMON signal of Fig. 2J
3u indicates that a store shouid-pccur. However, since the
VSTENMON signal of Fig. 2H is still non-enabling, the
VSTMON signal is ignored. _
At point G, the VSTORE signal drops below the
first threshold, and the INTSMON signal of Fig. 2G goes
35 high, indicating that the regulated internal power INTS
signal is bad. If the INT5 signal is below the first
threshold but the voltage applied to the static RAM chips



del ay. 10y Fig. 2Gillustrates the I NTSMON signal, which i

I ndi cat es \ﬁn%{l %asr7 the VSTORE signal has a | evel of at IP€a‘§IS9slh96f| rst
threshold, 6.5V, that is, is sufficient for supply of regul ated

i nternal power |NT5 by regulator 140._ 15 Fig. 2Hillustrates -~
t he VSTENMON si gnal , - whi ch i ndi cat es ¥hen the VSTMIN signal should be

d h ' d he_ VSTMON | sh Id
00T et 2o ey G0k EIGC1THELLS, aB0e e BeaGT i egianal Shot
system the V@EIiamrthegnehe|@Dnmenmh|gh ede| gbaticbRAM| willdebeed as if it
nere at 2 |oplgyghod. efVifl BOPesRLIGY LENE! thRRESHE! A"caERSIBoYSTEN

flip-flop remal ns set unti ter a force

oper at i on froﬁ?Q%I%k?VQQrﬂﬁnﬁ@ﬁtYP¥Eﬁﬂﬁl%?PP%Yn%ﬁ§¢y°f eachhskatic BRAMEN
flip-f lopsisciefp. the tHdMdltag@adppried toabhedstatict RAMVEREPYON si gnal

cloared and 1¥A11s Dfie senf JoRke. B5HA LR aprRantn oF f{i#‘gePLégéFher -

high-  to-RAMvwikhsheilost. However, whﬂn gtheJvoltager nisest aboVeTMON
Shanal e Checlle | e8] Ondisineente’ Se ' EEPRGH %101 TBY AGeBALEYRATTYO"Y

shoul d occur. preservatlon system

activated, tHeranaferred £r stat 43@’60"!0@%%@“’1’ chipspumber of stores

during tiggs when the host &:E}Wln,erthe e*ﬁeﬂﬂélkﬁbVei'Obéé&ﬂeE’r gbbay
anything to the

time of 0 msefd ﬁ‘fﬂmﬂy b@%&% Fernst a%%w%u?‘é%%gﬁf ea?uﬁ‘l@ﬂgoi‘s‘eg Iggﬂoan

in Figs. 2AVAH/2B25The EXTMON signal of Fig. 2F changes polarity
PCT/ US95/ 1176), indicate that external power is g&éd. The INT14 N |
signal of Fig. 2B, now representing external power
15 supplied through diode 122 of Fig. 1, rises to its
expected level, and the INT5MON signal of Fig. 2G changes
polarity to indicate that the regulated internal power
'INTS signal is good. Charge begins to accumulate on
capacitors C1 ... Cn, so VSTORE begins to rise, as shown
20 in Fig. 2E.-

After the predetermined delay of 2 msec, at
point I, the regulation fault RF signal indicates that
external power is good, as shown in Fig. 2C. |

. | ‘At point K, the VSTORE signal of Fig. 2E
25 reaches the second threshold, so the VSTMON signal of
Fig. 2J changes polarity, indicating that a.étore is not
required. No action is taken upon the memory at this
point. ' _
At point L, the VSTORE signal of Fig. 2E
30 attains the third threshold, that is, the level of VSTORE
which is sufficient to guarantee that the data written by
the host computer to the memory bank sinceﬂthe last power
outage (point I, in this example) will be preserved
during the next power outage. If the first outage had
35 not occurred, the VSTORE signal would have attained the
third threshold approximately 50-60 msec after point A.




2A and 2B. Conse ently, the I NT14 signal also turns on, as shown in
Fig. 2B. Add‘Y?B‘ﬂ t he EXTMON si gnal of Fi g.- 2F i ndi caperusdalré
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“housekeep |ng functions, such as
resetting the NSTCYC sWQRaVSEGBEtéignaﬁd°an§9al? | RENEANNESS toat ches

(not shown) . jncrease as chafgeDQBnthhmﬁmétEQWSEEcapﬁﬁibo%% 9. .3E 25
attains the second threahold an

I
i ndi cating a8 of® & dEcxea FBanaFﬁafFﬁﬂf?ﬂﬁa 1gv°i3uPP#E§eg? 8ner gy
is avail abl e to miaimumndfshstédpvat abouta220uksgc. Hoakvehisspodat,,heche

VSTENMON si gnal g?s EgvﬁgiegTE%k?eﬁogseQﬂbktggtgﬁgcai E@SK of a first high

to I ow 30 transi SI ghal 'S | nored
Meanwhi | e, the capacitors elsec°n€h98§ﬁrnﬂ&ep@ﬁer °u§§93n9p§ucsch&r@91nt

From point B to Roi ghokt %Bﬁ BQE& Cfégﬂégénﬁﬁﬁg a t?ﬁiggidbﬁﬂaG@thEron‘a”d

witing data to the nenory

I rst ,external
power outage1§ccHPé°§ttBG|HFeserVEtlaﬁpﬁgﬁFﬁBt%fythﬁ RESEeQFtéPV@ﬂFgPHmis

power beconmes  designed. As mentioned, the outage comprises at least
| ' one external power level going outside of its specified
tolerances, either too high or too low, although Figs. 2A
~ and 2B show both external power lsvels going low.

20 ' When the second external power outage occurs,
the RF signal and EXTMON signal change polarity, as shown
in Figs. 2C and 2F. Backup power is supplied from

- capacitors C1 ... Cn as the INT14 signal, and the charge
on the capacitofs begins to decrease so the VSTORE signal

25 begins to decrease and the INT14 signal begins to
decrease, as shown in Figs. 2E. and 2B.

Importantly, the INTSMON signal of Fig. 2G
continues to indicate that the internal power INT5 signal
is good, so that operatlon of the memory bank 170 can

30 continue without interruption. Although a power outage

' has occurred, a store cycle is not necessary, which
preserves the lifetime of the nonvolatile EEPROM portions
of memory bank 170.

. At point N, the VSTORE signal of Fig. 2E drops

35 below the third threshold, and the VSTENMON signal of
Fig. 2H changes polarity, indicating that the VSTMON
signal of Fig. 2J is no longer enabled. However, the
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Q1% 7e. For exanple, the outage coul d be a poREFUSISNIFélansi ent

|n whi ch the regul ation tol erance | evel s of external power are
exceeded. Specifically, the external voltage |l evels applied to
terninals 104 and 106 drop, as 5 shownlfn Figs. 2A and 2B, and the RF

S|gnal and nal n olarlt as shomn I n Flgs 2C and
Ve VIR (6 4a- Y s SRS e B opetas 1o

supposed tohasfm maa:jcmuumd.e oper atlons fromthe host conputer. 10
As an exanple, in an gy rcerﬁfﬂ;t @Vlthgn%d\l\gmﬁm gg%urned on,

400 Hz ringing power transients may occur eS|ra % ensure

that stores @S shoun,iin Figs., 22 pRd, 2Byi nTher 8008h 9fothey |
transiens secondextermal pover outagecdisnaboutenbioonset)i Shencti On 15 is -

f db b
Do, onan i niXERER S3ard, i AT Heanad Pgﬁar#xns 15d168¢8: 5
Al so, it isthnpeem&ennmm‘pﬂuan sl goodsi oFheaINT14 sighalnatisesed to be
stored i mmg':.ﬁb@' At 3&C 'i‘xcﬁws d‘é‘l% NpY0 £AR eSE'E‘ég'naif BwePOVRE kholM 1gd O

WD 96

so preserving th cont ent nmenory | nmedi at efy affer power tairn on is
not cr uEnge. 28. Charge b@ﬂﬂnﬁoFﬁtaEcuH§1§ﬁSwﬁnlPapkgp 2E supply of
backup noweEabaeﬁme&aacuIQrs Ch,. so USTORE'BEgLAS eadribe¢2§s ¥RoWRE signal
begins to decr 3 2 Correspondlngly, t he | NT14 signal’, now
representln Eﬁp ﬁbmer supplied t hr ough -di ode 126 of Fig. 1, also
begins to decrease After the pradepernminéd de&aySEERE nsgnaladrops bel ow
the . secgRynkhpesipldredidatienEANRY RFURI4nRY BEJrig) 2¢ I |
indicates that external power is good.
15 _ At point Q, the VSTORE ‘signal of Fig. 2E rises

above the third threshold, 80 the VSTENMON signal of Fig.
2H changes polarity, indlcating that the VSTMON signal of
Fig. 2J is enabled, which does not affect the state of
the VSTEN flip-flop previously set at point L.

20 Although the second external power outage had a
total duration of about 190 msec, the memory bank was
available during the enti:ety of the outage, and a store
cycle was not required. |

A third external power outage occurs at point

25 R, such as a very long outage which oceurs when the
external power is shut off. The external power signals
in Pigs. 2A and 2B drop, an the RF signal and EXTMON .
signal in Figs. 2C and 2F change polarity. Backup power
supply from capacitors Cl ... Cn commences, so the VSTORE

30 signal in Fig. 2E and the INT14 ~signal 1n Fig. 2B begin
to decrease.

At point S, the VSTORE signal drops below the
third threshold, so the VSTENMON signal of Fig. 2H goes
high, indicating that the VSTMON signal is not enabled.

35 However, the VSTEN flip-flop remains in the enabled
state.



30 indicat esyplogligaay st ore shoul d oceur . However, since the PF'EM e
signal of Fig. 2H1s still non-enabli-ng, the - VSTMON signal

At point G the VSTORE signal drops below the first threshold, and the
I NTSMON signal of Fig. 2G goes 35 high, indigating that the regul ated

I nternal power | NT5 signal is bad. If theTNI5 signal is below the

first threshol d but theyw: & Ok ' i WO
96/ 10257 A PIHIE BPPA s@%%ﬁ%%%5 11?76% Wer6w the

16 “of menorSeRRRA ShreshEld, sqthe VSTHON,sigpal 9f,Fig. 2 duxzns
thenI It hg cgnt eanon, A tHetASB RAgnal lobeFig. ID esteandgss pt?laﬂ'.ﬁ}‘, bel
recalled that there | capacito vol t age. su

| ead of each stat ?% & &C?ﬁé).fr‘?‘? ﬁég%%%%m t*t? t%%‘ﬁ a’tO'Pcﬁ?%AM
chips . falls beemary dankol1d, (The NSECYQsignal ofs tincrameanted to RAM

will be lost. Hovgyffoatidhdt) G VtdrgSoyd BEhad Wecurred OUr Vol ts, the
contents of EEPROM w || be autonaticall transferred to static. RAM by

the nmenory chips. 10 At p ntpoq'nté/‘}? stRre F¥c1R 18 SARPInkete $00d,
eRdi ng the first Itfhdf HSHsiywel ofit Pixe, Im clianges rpdiaysity. XA &k data I
The EXTMON si gna i ; [ak 0.4 NAi rna
power is good. Hga"r 4 i?rl: &s?g%%? %.‘yﬁi‘?\%vﬁ# epr est nt‘H*gé eﬁ%

power 15 supfl i dwearhrsafglyiisared Xo gionvolatile ibackup memory, whdnkted

P

NVON
.

level, andthell};(@\ﬂ\l | fely C €S te J 1 YrHe %al%‘c ate
that the regulated I'n etrcﬂn%IrEAp%ﬁefr&.gm ?{\%,;H;‘.:%rlbltqlns good. C%Ig{rég;g egins to
accunul ate on fldprfdap ks @leareds, so VSTORE begins to rise, as shown
20 in Fig. 2E At Aid#it e the dpiTorE Netbriel B ¥ig "B Qrdps

below the first threshold, and the INTSMON signal of Fig.
15 26 éhanges polarity to indicate that the regulated
internal power INTS signai is bad. Thereafter, charge
' bleeds from the capacitors Cl ... Cn until no charge
remains. _ .
While the present invention has been described
20 with regard to an aircraft environment, it will be -
appreciated that it is suitable for any environment
wherein data access is critical and wherein power is
subject to frequent outages due to, for example,
electrical switching. | | o
25 Although an illustrative embodiment of the
present invention, and various modifications thereof,
have been described in detail herein with reference to
the accompanying drawings,.it is to be understood that
the invention is not limited to this precise embodiment
30 and the described modificatioqs, and that various changes
and further modifications may be effected therein by one
skilled in the art without departing from the scope or
spirit of the'invention as defined in the appended
claims. |



point |, the regulation fault RFsi+gnal |nd| cates that external power is °

good, asWeNeMRSTn Fig. 2C. poi nt. K, the VBTUREIY1g6lal of

Fig. 2E 25 reaches mmmaulﬁﬁm‘[nmhol d so t he VSTMON si gnal of Filg. |
2J changes polarltyH a store is not required. No action

i s taken upon the nefory at this poi 3¢ At point L, the
VSTORE signal of Fig. 2E 30 attains the third threshold, that is, the
| evel of VSIEEEIMS: Wwhich is sufficient to guarantee that the data witten

by t he host conputey tq the ne bank ower out age
(point I, in this exanple) '7?pﬁ@%¥%s€§%e§r ‘95‘&%?‘5 égﬁéﬁngg'[’ 0Wer
out age. |f témmprisingut age had 35 not occurred, the VSTORE signal would

have attained the thd ek (4G sf@ééii@ Oéjm msec after point
A WD 96/ 10257 = £ﬁ§ 1 powst; PCT/ US95/ 11761

17 5 At p‘fﬁ]rﬂtjr_le twmm sf%a?t%?indaEH whilesathits a
first high txedsu & reirst inevebadt i powéteis profsd@eaf!ip-flop which in turn
enabl es the VSTMON si r > | flop.is set,
all 5 transitions qugg 'ﬁ@ﬁ%ﬁiﬁ)$3|g |m§$%§ %%r%%g 1g|daga har dwar e
store cycle is perfcwrhﬁﬂkup nwwernst¢maqeemeans\@ﬁt%Btbrin@lspids cleared
The VSTORE gl ac|§ wer ?&&%f : RS idin gi ha&ﬁﬁaﬁ €5 £895§€q! S

accurul at ed on ca ors rea 1es 11S regul at ed

| evel , W ciVelatile W%rﬂéﬁni?%\ﬁ‘ lev bey than. sai@ £irstpoint
the preserespdl thﬁMﬁé&mI&tagetofts@idaéx’oémﬂ pover; and A second

external power out age con ur[o a:ﬁe s nfor transferring data from said _
volatile memory means to said non-volatile memory means ' _

in response to the detection of an outage of said
15 external power, and for delaying said transfer until said
backup power falls below said first level of power.

2. The apparatus of claim 1, in which said
transfer is delayed for a predetermined_time sufficient
to prevent said transfer of data in a substantial portion

20 of temporary outages of said external power. '

3. The apparatus of claim 1, wherein said
nonvolatile memory means comprises at least one
seniconductor EEPROM. '

4. The apparatus of claim 1, wherein said

25  backup power storage means includes a plurality of
capacitors connected to be charged from the supply of
said external power. C.

5. The apparatus of claim 2, 'in which said

transfer'is delayed for a predetermined time sufficient
30 to prevent said transfer in a majority of said temporary
outages.

6. The apparatus of claim 1, in which said
means for receiving external power is adapted to receive
power from an aircraft power supply system;'

35 7. The apparatus of claim 1, in which said
volatile and non-volatile memory means are solid-state.



M~ about SOOWM gepresenting a typical outage for 15 whi chXSEJi 395,11761

‘preservation syst em of tlllﬂllMlﬂﬁimmnwﬂlLl on‘is desi gned. ment 1 oned
the outage conprises at rnal power | evel going outside of
its specified tol er ances et htr tod high.,or too low, although Figs. 2A
‘and 2B show both external power |evels goin Yow 20 When t he

second external power outagge %;@é Eﬁgm al

change polarity, as shovvnaég %ng}ar %‘%nﬁl‘—ﬂ. ac 'nggnémer su%%fl ed
from capaci t (FeaRREA8ing oy as the INT14 signal, and .the charge on the
capacitors begins to decrwqdﬁ&é@%@ aﬂf&rr?él ﬁ@ﬂéﬁ? to decrease

and the I NT14 signal begin decr ease own_Jn S E

| mportantly, the | NTSMON s‘f‘t#%ntﬁ (:_.jneans cé;‘?ﬁ |$1 f?g ?ﬁﬁ?c‘zﬂg]‘?hﬁt
the internal ovidritNiwlmf powex sisgmvﬁadhat operation of the nenory
bank 170 can 30 continue ‘M&M&ﬂﬂ@ﬂéﬁ&éﬁhﬁé W%&Pgﬁh&ﬁﬁgﬂﬁne

‘has occurred, a store cycle IS not. necessary, ch preserves t
lifetime of the BRNA®IHR inet mravddeds ¢ i ons of menory bank 170.

At point N, the VSTORE si giaikulf pgower Htolats weansdcfow éﬁ@rihgrdaid
| nd cating ¢ hat PHEERREREOvEs %ﬁégﬁ%r Frefifing il REGRaR ety
However, thel0 powsZ 6§ Isikup power to said volatile memory means
PCTIUSS5/ 11151 auripg ap qutage of said external Hower; SBHTN 1011 o7
At point O the second extmolpmnsnﬁ%@ontr%ga%rmmfm 2A
and 2B. The |engidt£fgtid¥ed in said volatile memory means from said
volatile memory means to said nonvolatile memory means
15 when said backup power falls below said first level of
power and for providing a count of a number of transfers
of data from said volatile memory means to said
nonvolatile memory means.
9. The apparatus of claim 1, wherein said
20 control means is operative, upon start-up, to prevent
said transfer from said volatile memory means to said
nonvolatile memory means until said backup power rises to
a second level of power. _
_ ' 10. A preservation system for volatile memory
25 means used in an aircraft to store data while a first
level of external power is provided, comprising:
nonvolatile memory means for storing data while
power is not provided;
backup power storage means for storing said
30 external power and for providing the stored external
power as backup power to said volatile memory means
during an outage of said external power; and
control means for controlling transfer of the
data stored in said volatile memory means from said
35 volatile memory means to said nonvolatile memory means
when said backup power falls below said first level of
power and for providing a count of a number of transfers



seco 'S _about 190 nsec. The EXTXO\I 5| gnal
of Fig. r*gg? %anges arit o indicate t hat external PMQSI good
The I'NT14 signal ri m Iﬂ:’ﬂ”ﬂﬂm)w is now driven by the external power,
as shown in Fi g I ns to accunmul ate on backup 10
capacitors C1 ... Cn, so VSTCRE bedi ns rise as shown in Fig. 2E
After the pr m ned deI e P e regul ation
fault RF si'g‘fé&%‘é] ]'r?ﬁirci%[gun\ tm@?ﬁlér ?iﬁ/@ is good. 15

At point Q nmalm@wymem 2E ri ses above the third

threshol d, so the VST maﬁftu@ %or o%li‘ﬁ g@ e%%;
I ndicating that the V SI ° Fi pr 2J 1,s "enab &? é%] does not
affect the dakdk W‘rﬁt‘lﬁéﬁﬂgﬁ#ﬁlpiﬂ td@y set at point L. 20

Al t hough g he second exd efdﬁtjum/\mmaryadm Iwadch data wam bhirgticwed of about

éggagz?canéhe {Eégoﬁ &%% Was ﬁé’? requi rgﬁd Ii’(} @%ﬁgﬂé&t E’?‘%ﬁég

external powdrerodatpe i shored iz or is hﬂi@@lﬂ»’&!@ﬂ}m@' tomy out age
whi ch occur s 9’3@% h-voldii¥ MemoR9 For! %aﬁ%ubﬂéerﬂﬁ&i(t er nal power

signal s I gs. 2A and 2B p, “and t he RF a and

signal in Figs. 2C and® meﬁgigﬁ lﬁi‘ﬁ’%&ﬂﬂa at a suppl y from

-ICﬁI_FIJ_iIZI t Ao -l@ranstéirézaéW@hidS&dlh&i\lﬁTﬁﬁo&Q signal -in Fig. 2E ang t he
signal in Fig oint S,

t he VSTORE si gnal dro %@gd%rt ﬁ@nh%c%grei%t%ﬁfeﬁ% a% ﬁﬁ&#ENNK]\I

si gnal of -FippwedH smawe  to ldajld violaitdde memory, t he VSTMON signal is not

enabl ed. 35 However, d %ﬁ?%ﬂ&ps@f?&‘ %dga‘#%gw st at 1

WD 96/ 10257
said volatile memory during power outages of saiqd

15 external source, and

a data transfer control device for detecting
said power outages and supplying backup power to said
volatile memory and preventing data transfer from said
volatile memory to said non-volatile memory during each

20 of said power outages for a predetermined length of time,
said length of time being sufficient to prevent said data
transfer for a substantial portion of temporary outages
of said external source, and for causing said data
transfer to occur after an outage has persisted longer

25 than said predetermined length of time.

12. Apparatus as in Claim 11 in which said
backup power supply includes a power storage device for
storing power from said external source and delivering
'its stored power upon detection of one. of said outages.

30 . 13. Apparatus as in Claim 11 in which said
apparatus is provided in or for an aircraft computer'

systemn.
14. Apparatus as in Claim 11 in which saiad

substantial portion is a majority of said temporary -

35 outages.
15. An apparatus for providing memory power,

said apparatus comprising, in combination,



19 point T, the VSTCRE 5| gnal drops bel ow tfermsosngfgiond
t hr eshol d, gvogsﬁmz@ts.r mumﬁmﬁmlm 2J turns on, and the HSB si gnal
of. Fig. 2D changes pol m g a store fromstatic RAMto ERPROM

to occur in the 5 rrermry bank"17b. * The N§'£CYC signal is increnmented to

.indicate that a store cycle has occurred. At point U, the
"store cycle is conpleted, so he hanges
.polarity. Al the data ’ﬁt’}s %ﬁﬁ*@% qﬁﬁﬂqud%t'%agn of menory
bank 170 has 10 been safeﬂyncsmml&tilﬁ)mm If@lb AATA  whi ch
hol ds the data f&aﬁ&éz&gezf from ﬁl%%l%tii@" ' f' ip-flop is
cl eared.

e VSTORE si naI f Fi é{EJe
bel ow the first threshold, 5% n%ﬂ%ﬁ@ré@@ 5 a%ga c‘hﬁnges
polarity to igdigasutiivg 4 heinigsd aivtber -of rﬁeudwrm\mydw bétore it
bad. Thereafter, chargoe bl eeds fromthe capamtors ClL ... Cnuntil no
char ge r emai Wil e the present inventi on has been
described 20 with regard neans £on mumnqmm fxom \@n |exkernal

appr eci at ed that%#ei, Sgoutddls dia a;g}b ct wherei n data access

Is critical and erein power 1S toggecbuent out ages due to,

for exanple, electrica® m%lmengupply RIYANE, r to
illustrative ”Wi&%l&éiié'ememow)@aﬂﬁ i proveant I:mtaqwl ofrsaid

nodi ficati ons ther eof ave er&f described in detail herein with
reference to awings, it is to be understood that

the invention is not I | m tschatattransfmlmumbcﬂeme Fpmdetecting
Too T oot one. oA Bovel ptdgks (Bid BippIPING Dacknd Podetl 06 entd,
departing from tmlatbbe memory mrpnemnt#RQu%t#W%fselaeﬁ%oﬂ#t he
appended ;¢! 3 dFatile memory to said non-volatile memory during each
of said power outages for a predetermined length cf time,
said length of time being sufficient to prevent said data
transfer for a substantial number of temporary outages of
said external source, and for causing said data transfer
20 to occur after an outage hés persisted longer than said
predetermined length of time,
whereby said number of read-write cycles for a
given length of operating time for said memory is
substantially limited.
25 16. Apparatus as in Claim 15 in which said
_apparatus is provided in or for an aircraft computer
system, and said external power source is an aircraft
pover supply system.
17. A method of controlling data stcrage and
30 retrieval in an aircraft computer system having a
volatile memory and a power supply, said power supply
being'subject to relatively freguent temporary power
cutages, said method comprising the steps of:
(a) determining the duration of the majority
35 of said temporary power outages;
(b) providing backup power from a backup power

supply;
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20 WO 2/10857 appar atus for providi PEHSIAI61pover
conpr.i si ng: rrJl!‘LIIl "LI ;ﬂ li |<mrrecei ving external power; -5

vol atil e nmenory fOL S ng- data whi| e at | east a first |evel of
power is provided, ' nonvol 2&i | & nenory neans for storing data;
backup power storage neans for storing said external power and for

provi di ng backup poweKCﬂo proyiding, @ son~volstile memeryafox IeveI hi gher
than said figkaeq ah%&e'crdw’swr@a Fromdtally %tlﬁtﬂb%&ibﬁgﬁo g and

control neans or trans errlng data fromsaid vol at 1| nmeans to
sai d non- voPEEVEBRt 8atay 1988is in response to the detection of an
out age of said 15 exqaonaaenemtﬂngamﬁefonséclafiagchabd saddasfer until

sald r.f gaid first level of power.
. The app§F&§8§3§§ Pge#lfGEagﬂ Wi ch said transfer is delayed for a
predetern1ned tlne sufted ci supplying backeup pawer: tansmdd wblasdldein a

subst anti al pRABEY ?gqngogabgnggrg@idpghgqggsgfaﬁald external power.
3. The apparatus 0 cla|n11 rein said nonv%Iatlle nennr¥ means
conprises at |east ond ﬁﬂﬁgtep tagepotransterring data,from,e

appar at us Oéaikiaivauiti\l/eenmryartd saidonohswoflatdleshemogy 6RAYS | Ncl udes

ol extr naftas, sps°BaEhtioh 688 bytdon eodhlE greRta EsMIT ), 01\

sai d the duration of a majority of said temporary outages.
18. A method as in Claim' 17 in which said non-

volatile memory is 1imited in the total number of read- | ‘

‘write cycles it is able to execute.

15 19. A method as in Claim 17 in-which said
backup power is“asveloped by charging a charge storage
device from said power supply and releasing that stored
charge upon detection of an outage. -

20. A method as in Claim 17 in which said

20 computer system is disabled when data is transferred out
of said volatile memory memories

21. A method as in Claim 18 including the step
of counting said cycles to give information regarding the
remaining life of said non-volatile memory. '

25 22. A method of limiting the computer down
time and data transfer operations in a computer system
having a power supply, a volatile memory for use in the
operations of said computer system, and a non-volatile
menbry for storing data from the memory to protect it

30 from destruction due to temporary power outages, said-
method comprising the steps of:

(a) detecting the onset of each of said
outages and supplying backup power to said volatile
memory in response thereto;

35 (b) maintaining said backup power during each
outage for a predetermined time longer than the duration
of a majority of said power outages; and '



. tPansfer is del aﬁ/ed for ﬂ !MF t| nme sufficient 30 i’ET]ﬁESﬁfﬁz&l sal d

“transfer inve%d Flty out ages.

appar at us of claiml1, i neans for receiving external pomer
i s adapted to receive pomer fron1an alrggaft power supply system 35
7. The apparatus of claim1, in which said vol atile and non-vol atile

. menory. means are solid-stat 2 latil
" PCT/ US95/ 11761 ? t:anQEE%@G%Q éﬁta 5f°m said vo 1 e

apparatus for pﬁﬂﬁbﬁyngoﬁsﬂﬁdynpnwgplatilebynpppy'H@Jy if said °ut‘ﬁ€ans
for receiving external said predeteriiined eimw.y means for
pEt3” 1cHBEE, than

storing. data whi vel of "power is provided;

nonvol atil e nmenory means for storing data while power is not provided;
backup power storage neans for storing said external power and for
~providing the stored external 10 power as backup power to said volatile
menory nmeans during an-outage of said external power;. and

control neans for controlling transfer of the data stored in said

'vol atile nenory neans fromsaid vol atile nmenory neans to said

nonvol atil e nmenory nmeans 15 when said backup power falls below said first
| evel of . power and for providing a count of a nunber of transfers of
data fromsaid volatile nmenory nmeans to said nonvol ati |l e menory neans.
9. The apparatus of claim1l, wherein said 20 control neans is operative,
upon start-up, to prevent said transfer fromsaid volatile nmenory nmeans
to said



noﬁvolatile nory neans until said backu ower rises to a second | evel
%96/13257 up . pov

of power. - 10. A preservation systemfor vol ati | BCRHU§BYII7615
means used in an aircraft to store data while a first | evel of external
power is provided, conprising: nonvol atil e nmenory means for
storing data while power is not provided; backup power
storage neans for storing said 30 external power and for providing the
stored external power as backup power to ?§i§vol atile nmenory neans
during an outage of said external power; and control neans
for controlling transfer of Lhe data stored in said volatile nenory

enory neans to said nonvolatile nenory neans

means fromsaid 35 _v%atile .

when said backup poweP @ Bl ow said first |evel of power and for
provi ding a count of a nynber qf transfers WO 96/ 10257 - — oo — —
PCT/ US95/ 11761 of cku;Lfron1said-volatile nendry’ neans to said |
nonvol atile nenory neads = 11. An apparatus r —pf ovi di ng |
menory power, sai d @ F {sing, in conbingfionld =
a volatile nenory in : stored and & om wni d@?ﬁan
be retrieved by a con . v mTerT—tmta is storef | n, or 1 bein?
transferred to or froma non-volatile nepory for data pr rvatton
a non-volatile nemory for stori data 10 tfamsferredsftom gt I?
menory, means forq%aggucting Pl W fronﬁ@nlex 5 | e ropover
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(57) Abstract

In a preservation system (170) for a volatile memory (172) associated with a nonvolatile memory (171), an energy storage portion
accumulates energy while power is provided normally. When a power outage occurs, the stored energy is supplied to the volatile memory.
Enough backup power is stored to accommodate the vast majority of unintentional interruption of power. Eventually, after removal of
external power, when the backup power decreases to a predewnnmed amount, data in the volatile memory is transferred to the nonvolatile
memory. The preferred use for the preservation system is an environment thh vibration and/or power switching transients that affects the
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