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[57] ABSTRACT

A system and method for permanently backing up RAM
memory devices. The present invention utilizes a capacitor
as a primary backup device for supplying the necessary
backup power for power fluctuations, power interruptions,
and other short-duration power failures. The present inven-
tion also utilizes a ROM as a secondary backup device for
backing up and restoring valid RAM data when the duration
of power loss is greater than that for which the capacitor can
supply backup power. Thus, the integrity of RAM data is
guaranteed for all types of power fluctuations, interruptions,
and failures. The ROM includes two storage areas for
separately storing two copies of RAM data. The processor
first determines whether the data stored in the RAM is valid.
If the present RAM data is valid, the processor backs up the
present RAM data by replacing the oldest or invalid copy in
the ROM with the present RAM data. If the present RAM
data is not valid, the processor restores the RAM data with
the most recent valid data previously stored in the ROM.

4 Claims, 4 Drawing Sheets
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1

SYSTEM AND METHOD FOR RAM POWER
AND DATA BACKUP UTILIZING A

CAPACITOR AND ROM

BACKGROUND OF THE INVENTION 5

1. Field of the Invention
The present invention relates generally to maintaining a

supply of electrical power to electronic components nor-
mally furnished from a line supply of electrical power, and 10
more particularly, to maintaining data stored in volatile
memory components for which electrical power has been
interrupted or lost.

2. Related Art
Volatile memory components such as a random access 15

memory (RAM) must receive electrical power continuously
to maintain the information stored in their memory cells.
The bit content of the memory is typically lost whether
electric power to the RAM is momentarily interrupted,
fluctuates, or is lost. 20

There are many situations where backup power is
required to maintain data in RAM. For example, service
interruptions to the line source of power by natural phenom-
enon, operational problems in the power system, etc. These
conditions generally result in a power interruption for a short
period of time, perhaps one hour or less. Power backup is
also required for momentary power fluctuations which may
occur when, for example, heavy loads such as motors,
buzzers, or displays are driven. Under such conditions, the
backup power source is necessary to maintain a stable
source of power. Other situations include providing backup
power when the primary power source is turned off. Under
these conditions, backup power may be required for an
extended period of time, such as one month.

Recently, various approaches have been taken towards
providing power backup capability to RAMs to achieve a
nonvolatile memory, isolated from the above power inter-
ruptions and fluctuations. One of the more common backup
power supply arrangements has been to combine a RAM
with a dedicated backup battery. Some of these battery
backup devices also include a circuit which senses power
supply voltage. If this voltage drops below a predetermined
battery voltage level, the circuit switches the RAM from
receiving power from the line source of power to receiving 45power from the backup battery. These circuits generally
allow current to be drawn from the battery only in the event
of a loss of AC power.

There are a number of problems with the above
approaches. First, the circuits normally exhibit a time delay 50
before the backup battery is connected to the RAM. This
time delay is a result of the turn-on time of the transistors in
the circuit. While the delay time is relatively short, the RAM
can be exposed to a low supply voltage condition before the
battery is connected. This exposure to low supply voltage 55
may cause a loss of data. Some systems have incorporated
a capacitor to supply a temporary source of power to the
RAM during the switching of power from line voltage to
battery.

Another disadvantage of a battery backup power supply is 60
that the charge remaining in nonrechargeable batteries to
handle a power outage of unknown duration are difficult to
determine. In addition, rechargeable batteries must have a
controlled charge rate to limit current to the battery, and
periodically requires replacement. This increases the main-65
tenance cost of the system. In addition, the capacitor can
supply the necessary voltage for only a limited period of

2
time. Thus, there may be a loss of data should the battery not
be replaced at the proper time or is defective for a period
longer than the discharge time of the capacitor.

Another disadvantage of battery backup systems relates to
the environmental concerns of used battery disposal. Battery
backup systems require the implementation of procedures
for removing and discharging the battery prior to disposal.
Although the use of a capacitor alone to provide backup
power would alleviate this environmental problem, capaci-
tors can supply power for only a relatively short period of
time, making them ineffective as a long term backup power
source.

What is needed, therefore, is a means for backing up
volatile memory devices for long periods of time without
incurring the problems associated with the use of batteries.

SUMMARY OF THE INVENTION

The present invention is system and method for indefi-
nitely backing up RAM memory devices. The present inven-
tion utilizes a capacitor as the primary backup device for
supplying the necessary backup power for power fluctua-
tions, power interruptions, and other short-duration power
failures. The present invention utilizes a ROM as a second-
ary backup device for backing up and replacing valid RAM
data when the loss of line power supply is of a duration
greater than that for which the capacitor can supply backup
power. Thus, the present invention guarantees the integrity
of RAM data for all types of primary power fluctuations,
interruptions, and failures.

More specifically, the present invention includes a RAM
configured to store binary data, a capacitor configured to
provide the RAM with a voltage for a first period of time
sufficient for the RAM to maintain the data stored in its
memory cells, a ROM configured to store multiple backup
copies of RAM dam, and a processor for controlling the data
transfers and copies stored in the RAM and ROM.

The processor first determines if the data presently stored
in the RAM is valid. Typically, the RAM data is valid unless
the line source power supply has been unavailable for a time
which is greater than a discharge time of the capacitor. If the
data stored in the RAM is valid, the processor backs up
(copies) the RAM data to ROM. The ROM includes two
storage areas for storing copies of RAM data. In the back up
process of the present invention, the processor determines
which of the copies of RAM data is the most recent and valid
copy. The processor then replaces the older or invalid copy
with the data presently stored in the RAM. If the RAM data
is not valid, the processor restores the RAM data with the
most recent valid data previously stored in the ROM. This
restoring process includes first determining which copy of
RAM data stored in ROM is the most recent valid copy.
Then the processor replaces the corrupted data stored in the
RAM with the most recent valid copy of RAM data stored
SinROM.

One advantage of the present invention is that it com-
pletely eliminates the use of a battery as a source of backup
power to volatile RAM.

Another advantage of the present invention is that it uses
a capacitor to provide relatively short term backup power.
This enables the present invention to respond quickly to
power interruptions. In addition, the capacitor protects
against power fluctuations, thereby achieving greater circuit
stability.

Another advantage of the present invention is that it
utilizes an extremely high capacitance capacitor in conjunc-
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tion with a ROM data backup system. The ROM provides
long term data backup power for conditions in which the
capacitor cannot maintain the necessary voltage output. The
use of a high capacitance capacitor with a RAM enables the
ROM to be used only in the rare circumstances wherein the 5
power is removed from the system for long periods of time.
This results in the ROM not being written to often, thereby
preserving the ROM and enabling the present invention to
guarantee RAM data indefinitely.

Further features and advantages of the present invention10
as well as the structure and operation of various embodi-
ments of the present invention are described in detail below
with reference to the accompanying drawings. In the draw-
ings, like reference numbers indicate identical or function-
ally similar elements. Additionally, the left-most digit of a15
reference number identifies the drawings in which the ref-
erence number first appears.

BRIEF DESCRIPTION OF THE FIGURES

The invention is best understood by reference to the
Figures wherein references with like reference numbers
indicate identical or functionally similar elements. In addi-
tion, the left-most digits refer to the figure in which the
reference first appears in the accompanying drawings in25
which:

FIG. 1 is a circuit block diagram of a preferred embodi-
ment of the RAM power and data backup system of the
present invention;

FIG. 2 is a high level flowchart of the operation of the30
RAM data backup process of the present invention;

FIG. 3 is a flowchart of the portion of the RAM data
backup process which copies valid RAM data to ROM; and

FIG. 4 is a flowchart of the portion of the RAM data
backup process which copies previously stored RAM data
from ROM back to RAM to replace data which has been
found to be invalid.

DETAILED DESCRIPTION OF THE 40
PREFERRED EMBODIMENTS

I. Introduction

The present invention is a system and method for perma-
nently backing up RAM memory devices. The present4
invention utilizes a capacitor as a primary backup device for
supplying the necessary backup power for power fluctua-
tions, power interruptions, and short-duration power fail-
ures. The present invention utilizes a ROM as a secondary
backup device for backing up valid RAM data and replacing50
invalid RAM data. For instance, when the loss of line source
power is for a time greater than that for which the capacitor
can supply backup power, RAM data will be lost. Thus, the
present invention guarantees the integrity of RAM data for
all types of line source power fluctuations, interruptions, and5
failures.

H. System Architecture

FIG. 1 illustrates a circuit block diagram of a preferred60
embodiment of the memory backup system of the present
invention. Referring now to FIG. 1, a memory backup
system 100 of the present invention principally comprises a
processor 102, a ROM 114, a RAM 116, a capacitor 112, and
a power supply circuit 132. These components work in65
conjunction with each other to permanently maintain and
backup data stored in RAM 116.

4
As will be discussed in detail below, ROM 114 consists of

two separate ROM devices 104 and 106 to accommodate the
multiple "flash copy" approach of the present invention. The
two ROM devices 104 and 106 are addressed by processor
102 via address bus 101. Address bus 101 has 17 address
lines, all of which are used to address ROM device 104 and
ROM device 106. Processor 102 transfers data to and from
ROM 114 over data bus 103. Data bus 103 has 16 data lines
as illustrated in FIG. 1. The 16 data lines of data bus 103 are
divided into 8 high order data lines, represented by high data
bus 105, and 8 low order data lines, represented by low data
bus 107. The 8 high order data lines are used to transfer data
to and from ROM device 104. The 8 low order data lines are
used to transfer data to and from ROM 106.

RAM 116 interfaces with processor 102 in a manner
similar to ROM 114. RAM 116 consists of two separate
RAM devices 108 and 110. However, as will be discussed in
detail below, this division of RAM 116 is of little conse-
quence in the present invention. In any event, the two RAM
devices 108 and 110 are addressed via 16 of the 17 address

20 lines of address bus 101. Processor 102 and RAM device
108 transfer data over high data bus 105. Processor 102 and
RAM device 110 transfer data over low data bus 107.

RAM 116 receivespower from a line power source 120
through power supply circuit 132. In the preferred embodi-
ment of the present invention, RAM devices 108 and 110 are
complimentary metal oxide silicon (CMOS) random access
memory (RAM) components. These CMOS RAM compo-
nents operate at 5 volts and retain stored information for
extended periods of time at voltages down to 2 volts. Line
power source 120 is a 12 volt source of power. Power supply
circuit 132 receives the 12 volt line power, and converts that
12 volt power to 5 volts. Power supply 120 provides power
to RAM 116 through resistor 122 and diode 124. A zener
diode 126 is coupled to the power source side of diode 124.
Zener diode 126 is employed as a voltage reference, main-
taining a voltage of 5.6 volts at junction 128. Since the
voltage drop across diode 124 is 0.6 volts, the voltage at
junction 130 is maintained at 5 volts. Resistor 122, diode
124, and zener diode 126 are collectively and generally
referred to as power supply circuit 132. The preferred
embodiment of the present invention is implemented in a
system having a 12 volt line voltage. Thus, power supply
circuit 132 is directed towards reducing the 12 volt line
voltage to the 5 volts required by CMOS RAM devices 108
and 110. However, as one skilled in the relevant art would
find apparent, the configuration of power supply circuit 132
depends upon supply 120 and the power requirements of
RAM 116, and may accordingly take on different configu-
rations.

Coupled to power supply circuit 132 and RAM 116 at
junction 130 is a capacitor 112. Capacitor 112 is charged by
voltage source 120 through resistor 122 and diode 124.
Capacitor 112 discharges when the voltage at junction 130
drops below 5 volts. Diode 124 prevents the charge stored in
capacitor 112 from flowing to voltage source 120 when
discharging to drive the remaining portions of the system
(not shown). Thus, capacitor 112 supplies power only to
RAM 116.

Further details regarding the system architecture and
components are discussed with respect to the operation of
the present invention. As introduced above, the present
invention provides both power backup as well as data
backup for RAM 116. Each of these processes and associ-
ated components are discussed below.
A. Power Backup Components

The components associated with the power backup fea-
ture of the present invention are now described in further
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detail. These components include power supply circuit 132
and capacitor 112.

As described above, normal line power is supplied by line
source power supply 120 through power supply circuit 132.
In addition, power supply 120 simultaneously charges 5
capacitor 112 while providing power to RAM 116. In the
event of a loss or interruption of normal line power at line
source 120, capacitor 112 will discharge to supply the
necessary voltage to enable RAM 116 to maintain data
stored in its memory cells. 10

As introduced above and discussed in detail below, the
power backup feature of the present invention is utilized in
conjunction with a ROM. However, the ROM components
cannot be written too often (also discussed below). Thus, it
is desired for capacitor 112 to have the capability to maintain15
the necessary voltage at junction 130 for RAM 116 to
maintain the stored data for as long as possible.

In the preferred embodiment of the present invention,
capacitor 112 is a 0.22F SUPERCAP, available from NEC
Electronics, Inc., Mountain View, Calif., U.S.A. Due to its20
large capacity of 0.22F, capacitor 112 has a discharge time
of a minimum of 10 days when supplying power to CMOS
RAM 116. Thus, when there is a power interruption or
failure for 10 or more days, capacitor 112 will supply the
necessary power to preserve data in RAM 116, and ROM25
114 will not have to utilized. Further details regarding the
NEC SUPERCAP capacitor 112 may be found in SUPER-
CAP User Manual, Document No. DEP-10046 (also avail-
able from NEC Electronics, Inc., Mountain View, Calif.,
U.S.A.), herein incorporated by reference in its entirety. 30

As introduced above, in the preferred embodiment of the
present invention, capacitor 112 is a 0.22F SUPERCAP
available from NEC. However, as one skilled in the relevant
art would find apparent, any high capacitance capacitor may
be used which is compatible with the anticipated duration of35
power interruptions which may occur. If the capacitance of
capacitor 112 is too low, then ROM 114 will be utilized more
often. Thus, if there are few long-term power interruptions,
ROM 116 will still not be utilized often.
B. Data Backup Components 40

The system components directed to the backup and res-
toration of valid RAM data are now discussed. In particular,
ROM 114 with ROM device 104 and ROM device 106 are
provided to store copies of valid RAM data in the event that
power is removed for a time greater than that for which45
capacitor 112 can supply backup power. The copying of
RAM data and the transferring of data between processor
102 and RAM 116 and ROM 114 is performed by processor
102. More specifically, there are two functional components
of processor 102 associated with the present invention: a50
backup subprocessor 134 and a restoration subprocessor
136. Backup subprocessor 134 backs up valid RAM data by
copying it to ROM. A restoration subprocessor 136 restores
RAM data which was previously backed up by backup
subprocessor 134 to replace corrupted data stored in RAM55
116.

As introduced above, ROM 114 is comprised of two ROM
devices 104 and 106. Each of these are configured to store
a copy of RAM data, referred to as a "flash copy." Thus, in
the preferred embodiment, two copies of RAM data are60
maintained in ROM 114.

ROM 114, like all read-only memory components, is
limited in the number of write cycles that it can support. This
is typically on the order of a hundred thousand times. Thus,
to extend the life of ROM 114, the present invention writes65
RAM data to ROM only at particular times and under certain
conditions. Specifically, RAM data is copied to ROM 114 at

6
power up when the validity of the RAM data has been
verified. One copy is the latest copy of RAM data as of the
time that the system receives line power from line source
power supply 120. The other copy is an older version of
RAM data which is held for the unlikely event of a power
interruption during the copying of data into ROM 114.
Under such conditions, the more recent backup copy which
was in the process of being copied to ROM 114 may have
become corrupted or may be incomplete. The flash copy
which is the older version of RAM data may then be used as
a backup copy.

In the preferred embodiment of the present invention,
flash ROM devices 104 and 106 are Intel 28F01BX-T/-B
CMOS Flash Memory, available from Intel Corp., Santa
Clara, Calif., U.S.A. CMOS flash ROM device 104 and
CMOS flash ROM device 106 are nonvolatile flash memory
comprised of four separately erasable blocks. In addition,
each block is capable of being reprogrammed separately to
ensure data integrity. The blocking scheme allows logical
segmentation of the embedded software, with an 8 Kbyte
block for boot code, a 112 Kbyte block and a 4 Kbyte block,
combined to store the code associated with backup subpro-
cess 134 and restore subprocess 136, and another 4 Kbyte
block for storing critical data. In the preferred embodiment
of the present invention, the critical data is parametric data,
such as odometers, configurations, and identify bits. Thus,
ROM 114 is capable of separately storing two copies of
RAM data, one in CMOS flash ROM device 104 and one in
CMOS flash ROM device 106. However, as one skilled in
the relevant art would find apparent, other types ofread only
memory may be used which have the capability of sepa-
rately storing multiple copies of RAM data.

ROM devices 104 and 106 also comprise a powerdown
mode to lock out erase or write operations during system
power up or power loss to provide absolute data protection.
Thus, after an initial powerup or after return from a long-
term powerdown situation, ROM devices 104 and 106
function as standard read only memories. In addition, the
blocking scheme of ROM devices 104 and 106 allows
updates in the main and parameter blocks while providing
recovery code in a boot block in the unlikely event of a
power failure during update. Further features of ROM 114
may be found in Intel product literature for Pat. No.
28F001BX-T/28F001BX-B IM (128K X 8) CMOS FLASH
MEMORY, order no. 290406-002, available from Intel Cor-
poration, Santa Clara, Calif., U.S.A.

In the preferred embodiment of the present invention,
processor 102 is 68000 series Motorolla processor. How-
ever, as one skilled in the relevant art would find apparent,
any other processor may be used which is configured to
interface with ROM 114 and RAM 116 and which can
perform the processing described below.

I. Data Backup Operation

FIGS. 2 through 4 are a flowchart of the RAM data
backup and restoration process of the present invention.
Referring to FIGS. 2-4, a preferred embodiment of the
RAM data backup and restoration process is now discussed.
The RAM data backup and restoration process 200 is
invoked at start 202 when the system in which the present
invention is implemented initially receives power.

First, in step 204, RAM 116 is verified to determine if it
is corrupted. In the preferred embodiment of the present
invention, this verification of the RAM data is accomplished
by invoking a well known checksum operation. However, as
one skilled in the relevant art would find apparent, other
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memory verification procedures may be used, depending on
the particular application. Typically, in the present invention,
RAM 116 would only be corrupted when backup capacitor
112 has discharged to a point beyond which it can no longer
supply the minimum voltage of +2 volts to RAM 116. 5

IfRAM 116 is not corrupt, then the RAM data backup and
restoration process 200 continues at block 206 wherein a
RAM backup subprocess 206 is performed. RAM backup
subprocess 206 copies the contents of RAM 116 into ROM
114. This process is illustrated in FIG. 3 and discussed in to
detail below. If RAM 116 is found to be corrupted in step
204, then processing continues at block 208 with a RAM
restoration subprocess 208. RAM restoration subprocess
208 replaces this invalid data by restoring RAM 116 with
valid data which has been previously stored in ROM 114. 15
This process is illustrated in FIG. 4 and discussed in detail
below.
A. Backup of Valid RAM

Referring to FIG. 3, the RAM backup subprocess 206 of
the present invention is now discussed. As discussed above, 20
in the preferred embodiment of the present invention, RAM
116 is comprised of two separate RAM devices 108 and 110.
As discussed above, this separation of RAM 116 is incon-
sequential to the design of the present invention and was
chosen due to the availability of components presently 25
existing in the system in which the present invention is
implemented. Thus, RAM 116 contains data, the integrity of
which is to be guaranteed. This data is referred to as critical
data, and is stored in both RAM device 108 and RAM device
110. 30

RAM backup subprocess 206 begins at start block 302, at
which point RAM 116 has been verified as containing valid
data which is to be copied to ROM 114.

As discussed above, in the preferred embodiment of the
present invention, ROM 114 is comprised of two separate 35
ROM devices 104 and 106, each of which stores a copy of
the critical data. As will be discussed in detail below, the
flash copy which is stored in one ROM device is not the
same as the flash copy stored in the other ROM device. For
ease of description, the copy of RAM data stored in ROM 40
device 104 will be referred to as flash copy 1 and the copy
of RAM data stored in ROM device 106 will be referred to
as flash copy 2. As noted above, ROM 116 may be com-
prised of a single ROM device. In such a case, the ROM
device must have separately controllable portions, one con- 45
figured to store flash copy 1 and the other configured to store
flash copy 2. Other configurations of ROM 114 are consid-
ered to be within the purview of one skilled in the relevant
art.

One function of RAM backup subprocess 206 is to so
determine which flash copy to replace with the data stored
in the RAM. Another function of RAM backup subprocess
206 is to copy the critical RAM data from RAM 116 to the
ROM device containing the selected flash copy which is to
be replaced. Also, the present invention updates the status of 55
the selected flash copy to indicate the changed status of the
data contained in the ROM component which stores that
flash copy.

First, in step 304, flash copy 1, located on ROM device
104, is checked to determine if it contains valid data. This is 60
performed by checking an associated validity bit stored in
one of the parameter blocks of the associated ROM device
104. If flash copy 1 does not contain valid data, then data
which is stored in RAM 116 may be stored in ROM device
104 in place of the invalid data presently stored as flash copy 65
1 in ROM device 104. Thus, in step 310, flash copy 1 is
erased. The odometer associated with flash copy 1 is incre-
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mented to indicate the processing point at which the RAM
data is stored as flash copy 1. This is performed in step 312.
After the data in flash copy 1 is erased and the odometer is
incremented, the critical data stored in RAM 116 is copied
to flash copy 1 in step 314. Finally, in step 316, a valid data
bit associated with flash copy 1 is set to indicate that flash
copy 1 now contains valid data.

If in step 304 it is determined that flash copy 1 contained
valid data, then the above process of erasing flash copy 1 and
replacing it with RAM data does not occur. Instead, pro-
cessing continues at decision block 306, wherein a similar
verification process is performed on flash copy 2.

If flash copy 2does not contain valid data, then data which
is stored in RA 116 may bestoredinplaceof flashcopy
2. Thus, in step 318, flash copy 2 is erased. The odometer
associated with flash copy 2 is incremented to indicate the
processing point at which the RAM data is stored as flash
copy 2. This is performed in step 320. After the data in flash
copy 2 is erased and the odometer is incremented, the critical
data stored in RAM 116 is copied to flash copy 2 in step 322.
Finally, in step 324, a valid data bit associated with flash
copy 2 is set to indicate that flash copy 2 now contains valid
data.

If flash copy 1 and flash copy 2 both contain valid data,
then the RAM data is copied to the flash copy containing the
oldest version of data. Thus, since there are two separate
flash ROMs to which RAM data may be copied, the RAM
backup process 206 writes the copy of the critical data to the
ROM device containing the oldest data.

In step 308 the backup subprocess 206 determines which
flash copy contains the most recent version of RAM data.
This step is performed by reading the associated odometers
for each flash copy. If flash copy 2 is newer that flash copy
1, then flash copy 1 is erased and replaced with the critical
data from RAM 116. This process was discussed above with
reference to steps 310, 312, 314, and 316. Likewise, if flash
copy 1 is newer that flash copy 2, then flash copy 2 is erased
and replaced with the critical data from RAM 116. This
process was discussed above with reference to steps 318,
320, 322, and 324.

Once the critical RAM data has been copied to ROM 114,
the RAM backup subprocess 206 completes at block 326.
B. Restoration of Corrupted RAM
. Referring to FIG. 4, the RAM restoration subprocess 208

is now discussed. RAM restoration subprocess 208 begins at
start block 402, at which point RAM 116 has been verified
as containing invalid data in step 204. Essentially, during
RAM restoration subprocess 208 the latest valid flash copy
stored in ROM 114 is copied to RAM 116 to replace
corrupted data.

First, in step 404, the validity of the RAM data stored as
flash copy 1 in ROM device 104 is verified. This is accom-
plished by reading an associated valid bit stored in a
parameter block of ROM device 104. If flash copy 1 does not
contain valid data, then that data cannot be used to replace
the corrupted data presently stored in RAM 116. Thus, the
validity of the RAM data stored as flash copy 2 is then
verified in step 406. If flash copy 2 also does not contain
valid RAM data, then there is no valid data available to
replace the invalid RAM data. Processing continues at block
408 where a failure is indicated due to the loss of nonvolatile
data.

Ifin step 404 restore subprocess 136 determines that flash
copy 1 contains valid data, then processing continues at
decision block 410 wherein the same verification process is
performed on flash copy 2. If flash copy 2 does not contain
valid data, then the critical RAM data stored as flash copy
1 in ROM device 104 is copied to RAM 116 in step 414.
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If in step 404 restore subprocess 136 determines that flash
copy 1 contains valid data and in step 410 restore subprocess
136 determines that flash copy 2 also contains valid data,
then the most recent flash copy is selected to replace the
corrupted data stored in RAM 116. Thus, in step 412, the 5
odometer associated with flash copy 1 is compared with the
odometer associated with flash copy 2 to determine which
flash copy contains the oldest version of RAM data. If flash
copy 1 is newer than flash copy 2, then processing proceeds
to step 414 wherein the RAM data is copied to flash copy 1. 10
Alternatively, if flash copy 2 is newer than flash copy 1, then
processing proceeds to step 416 wherein RAM data is
copied to flash copy 2. That is, restoration subprocess 206 of
processor 102 copies the oldest flash copy of RAM data
stored in ROM device 104 or 106 to RAM 116. 15

Thus, the present invention is capable of restoring the
critical data stored in RAM 116 when it becomes corrupted.
By maintaining two copies of the critical data in ROM 114,
the present invention will restore the RAM with an older
versionof data which was backed up prior to the more recent 20
version. Thus, the RAM will be restored to a known pro-
cessing point from which the processing can be recovered.

Thus, the present invention maximizes the use of ROM
114 and capacitor 112 in their associated range of capabili-
ties. Capacitor 112 is utilized often for "short term" (at least 25
10 days) power backup since it has the ability to be
recharged repeatedly. ROM 114, on the other hand, is only
utilized for the rare instances where "long term" data backup
is required. In other words, there is a dual backup feature for
maintaining valid RAM data; the first (capacitor) maintains 30
the necessary RAM voltage to avoid the loss of data, and the
second (ROM) restores the lost data when the capacitor fails
to maintain the RAM voltage level.

Although the invention has been described and illustrated
with a certain degree of particularity, it is understood that 35
those of ordinary skill in the relevant art will recognize a
variety of additional applications and appropriate modifica-

10
tions within the spirit of the invention and the scope of the
claims.

What is claimed is:
1. A random access memory (RAM) backup system,

comprising:
a RAM, configured to store binary data, including a

supply voltage input adapted to receive a supply volt-
age thereon;

a capacitor, electrically coupled to said voltage input of
said RAM, configured to provide said RAM with a
voltage for a period of time, said voltage sufficient for
said RAM to maintain said storage of said data;

a read only memory (ROM) having separate locations for
concurrently storing multiple copies of said data stored
in said RAM; and

processing means, coupled to said RAM and said ROM,
for transferring said copies of said data between said
RAM and said ROM.

2. The system of claim 1, wherein said ROM stores a first
copy and a second copy of said data stored in said RAM, and
further wherein said ROM enables said first copy of said
data to be stored and erased separately from said second
copy of said data.

3. The system of claim 2, further comprising: a power
supply circuit, interposed between said RAM and a line
power source having a line voltage, configured to convert
and maintain said line voltage to said supply voltage.

4. The system of claim 3, wherein said processing means
compnses:

a backup processing means for copying said first copy and
said second copy of said data in said RAM to said
ROM; and

a restore processing means for copying said first copy and
said second copy of said data stored in said ROM to
said RAM.

* * * * *
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5 Background of the Invention

Field of the Invention

The present invention relates generally to maintaining a supply of

electrical power to electronic components normally furnished from a line

supply of electrical power, and more particularly, to maintaining data stored

10 in volatile memory components for which electrical power has been

interrupted or lost.

Related Art

Volatile memory components such as a random access memory (RAM)

must receive electrical power continuously to maintain the information stored

15 in their memory cells. The bit content of the memory is typically lost whether

electric power to the RAM is momentarily interrupted, fluctuates, or is lost.

There are many situations where backup power is required to maintain

data in RAM. For example, service interruptions to the line source of power

by natural phenomenon, operational problems in the power system, etc. These

20 conditions generally result in a power interruption for a short period of time,

perhaps one hour or less. Power backup is also required for momentary

power fluctuations which may occur when, for example, heavy loads such as

motors, buzzers, or displays are driven. Under such conditions, the backup

power source is necessary to maintain a stable source of power. Other

25 situations include providing backup power when the primary power source is
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turned off. Under these conditions, backup power may be required for an

extended period of time, such as one month.

Recently, various approaches have been taken towards providing power

backup capability to RAMs to achieve a nonvolatile memory, isolated from the

5 above power interruptions and fluctuations. One of the more common backup

power supply arrangements has been to combine a RAM with a dedicated

backup battery. Some of these battery backup devices also include a circuit

which senses power supply voltage. If this voltage drops below a

predetermined battery voltage level, the circuit switches the RAM from

10 receiving power from the line source of power to receiving power from the

backup battery. These circuits generally allow current to be drawn from the

battery only in the event of a loss of AC power.

There are a number of problems with the above approaches. First, the

circuits normally exhibit a time delay before the backup battery is connected

15 to the RAM. This time delay is a result of the turn-on time of the transistors

in the circuit. While the delay time is relatively short, the RAM can be

exposed to a low supply voltage condition before the battery is connected.

This exposure to low supply voltage may cause a loss of data. Some systems

have incorporated a capacitor to supply a temporary source of power to the

20 RAM during the switching of power from line voltage to battery.

Another disadvantage of a battery backup power supply is that the

charge remaining in nonrechargeable batteries to handle a power outage of

unknown duration are difficult to determine. In addition, rechargeable

batteries must have a controlled charge rate to limit current to the battery, and

25 periodically requirey replacement. This increases the maintenance cost of the

system. In addition, the capacitor can supply the necessary voltage f

limited period of time. Thus, there may be a loss of data should the battery

)
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not be replaced at the proper time or is defective for a period longer than the

discharge time of the capacitor.

Another disadvantage of battery backup systems relates to the

environmental concerns of used battery disposal. Battery backup systems

5 require the implementation of procedures for removing and discharmgthe

battery prior to disposal. Although the use of enly a capacitorgo provide

backup power would alleviate this environmental problem, capacitors can

supply power fo~§ 'ritively short period of time, making them ineffective as

a long term backup power source.

10 What is needed, therefore, is a means for backing up volatile memory

devices for long periods of time without incurring the problems associated

with the use of batteries.

Summary of the Invention

The present invention is system and method for indefinitely backing up

15 RAM memory devices. The present invention utilizes a capacitor as the

primary backup device for supplying the necessary backup power for power

fluctuations, power interruptions, and other short-duration power failures. The

present invention utilizes a ROM as a secondary backup device for backing up

and replacing valid RAM d when the loss of line power supply is of a

20 duration greater than that hich the capacitor can supply backup power.

Thus, the present invention guarantees the integrity of RAM data for all types

of primary power fluctuations, interruptions, and failures.

More specifically, the present invention includes a RAM configured to

store binary data, a capacitor configured to provide the RAM with a voltage

25 for a first period of time sufficient for the RAM to maintain the data stored

in its memory cells, a ROM configured to store multiple backup copies of

.4
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RAM data, and a processor for controlling the data transfers and copies stored

in the RAM and ROM.

The processor first determines if the data presently stored in the RAM

is valid. Typically, the RAM data is valid unless the line source power supply

5 has been unavailable for a time which is greater than a discharge time of the

capacitor. If the data stored in the RAM is valid, the processor backs up

(copies) the RAM data to ROM. The ROM includes two storage areas for

storing copies of RAM data. In the back up process of the present invention,

the processor determines which of the copies of RAM data is the most recent

10 and valid copy. The processor then replaces the older or invalid copy with the

data presently stored in the RAM. If the RAM data is not valid, the processor

restores the RAM data with the most recent valid data previously stored in the

ROM. This restoring process includes first determining which copy of RAM

data stored in ROM is the most re t co Then processor

15 replaces the corrupted data stored in the RAM with apevous std t

of-the data stored in ROM.

One advantage of the present invention is that it completely eliminates

the use of a battery as a source of backup power to volatile RAM.

Another advantage of the present invention is that it uses a capacitor

20 to provide relatively short term backup power. This enables the present

invention to respond quickly to power interruptions. In addition, the capacitor

protects against power fluctuations, thereby achieving greater circuit stability.

Another advantage of the present invention is that it utilizes an

extremely high capacitance capacitor in conjunction with a ROM data backup

25 system. The ROM provides long term data backup power for conditions in

which the capacitor cannot maintain the necessary voltage output. The use of

a high capacitance capacitor with a RAM enables the ROM to be used only in
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the rare circumstances wherein the power is removed from the system for long

periods of time. This results in the ROM not being written to often, thereby

preserving the ROM and enabling the present invention to guarantee RAM

data indefinitely.

5 Further features and advantages of the present invention as well as the

structure and operation of various embodiments of the present invention are

described in detail below with reference to the accompanying drawings. In the

drawings, like reference numbers indicate identical or functionally similar

elements. Additionally, the left-most digit of a reference number identifies the

10 drawings in which the reference number first appears.

Brief Description of the Figures

The invention is best understood by reference to the Figures wherein

references with like reference numbers indicate identical or functionally similar

elements. In addition, the left-most digits refer to the figure in which the

15 reference first appears in the accompanying drawings in which:

Figure 1 is a circuit block diagram of a preferred embodiment of the

RAM power and data backup system of the present invention;

Figure 2 is a high level flowchart of the operation of the RAM data

backup process of the present invention;

20 Figure 3 is a flowchart of the portion of the RAM data backup process

which copies valid RAM data to ROM; and

Figure 4 is a flowchart of the portion of the RAM data backup process

which copies previously stored RAM data from ROM back to RAM to replace

data which has been found to be invalid.

(P
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Detailed Description of the Preferred Embodiments

L Introduction

The present invention is a system and method for permanently backing

up RAM memory devices. The present invention utilizes a capacitor as a

5 primary backup device for supplying the necessary backup power for power

fluctuations, power interruptions, and short-duration power failures. The

present invention utilizes a ROM as a secondary backup device for backing up

valid RAM data and replacing invalid RAM data. For instance, when the loss

of line source power is for a time greater than thhich the capacitor can

10 supply backup power, RAM data will be lost. Thus, the present invention

guarantees the integrity of RAM data for all types of line source power

fluctuations, interruptions, and failures.

IL System Architecture

Figure 1 illustrates a circuit block diagram of a preferred embodiment

15 of the memory backup system of the present invention. Referring now to

Figure 1, a memory backup system 100 of the present invention principally

comprises a processor 102, a ROM 114, a RAM 116, a capacitor 112, and a

power supply circuit 132. These components work in conjunction with each

other to permanently maintain and backup data stored in RAM 116.

20 As will be discussed in detail below, ROM 114 consists of two separate

ROM devices 104 and 106 to accommodate the multiple "flash copy" approach

of the present invention. The two ROM devices 104 and 106 are addressed

by processor 102 via address bus 101. Address bus 101 has 17 address lines,

all of which are used to address ROM device 104 and ROM device 106.

25 Processor 102 transfers data to and from ROM 114 over data bus 103. Data

bus 103 has 16 data lines as illustrated in Figure 1. The 16 data lines of data

7
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bus 103 are divided into 8 high order data lines, represented by high data bus

105, and 8 low order data lines, represented by low data bus 107. The 8 high

order data lines are used to transfer data to and from ROM device 104. The

8 low order data lines are used to transfer data to and from ROM 106.

5 RAM 116 interfaces with processor 102 in a manner similar to ROM

114. RAM 116 consists of two separate RAM devices 108 and 110.

However, as will be discussed in detail below, this division of RAM 116 is of

little consequence in the present invention. In any event, the two RAM

devices 108 and 110 are addressed via 16 of the 17 address lines of address

10 bus 101. Processor 102 and RAM device 108 transfer data over high data bus

105. Processor 102 and RAM device 110 transfer data over low data bus 107.

RAM 116 receives power from a line power source 120 through power

supply circuit 132. In the preferred embodiment of the present invention,

RAM devices 108 and 110 are complimentary metal oxide silicon (CMOS)

15 random access memory (RAM) components. These CMOS RAM components

operate at 5 volts and retain stored information for extended periods of time

at voltages down to 2 volts. Line power source 120 is a 12 volt source of

power. Power supply circuit 132 receives the 12 volt line power, and

converts that 12 volt power to 5 volts. Power supply 120 provides power to

20 RAM 116 through resistor 122 and diode 124. A zener diode 126 is coupled

to the power source side of diode 124. Zener diode 126 is employed as a

voltage reference, maintaining a voltage of 5.6 volts at junction 128. Since

the voltage drop across diode 124 is 0.6 volts, the voltage at junction 130 is

maintained at 5 volts. Resistor 122, diode 124, and zener diode 126 are

25 collectively and generally referred to as power supply circuit 132. The

preferred embodiment of the present invention is implemented in a system

having a 12 volt line voltage. Thus, power supply circuit 132 is directed

towards reducing the 12 volt line voltage to the 5 volts required by CMOS

RAM devices 108 and 110. However, as one skilled in the relevant art would
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find apparent, the configuration of power supply circuit 132 depends upon

supply 120 and the power requirements of RAM 116, and may accordingly

take on different configurations.

Coupled to power supply circuit 132 and RAM 116 at junction 130 is

5 a capacitor 112. Capacitor 112 is charged by voltage source 120 through

resistor 122 and diode 124. Capacitor 112 discharges when the voltage at

junction 130 drops below 5 volts. Diode 124 prevents the charge stored in

capacitor 112 from flowing to voltage source 120 when discharging to drive

the remaining portions of the system (not shown). Thus, capacitor 112

10 supplies power only to RAM 116.

Further details regarding the system architecture and components are

discussed with respect to the operation of the present invention. As introduced

above, the present invention provides both power backup as well as data

backup for RAM 116. Each of these processes and associated components are

15 discussed below.

A. Power Backup Components

The components associated with the power backup feature of the

present invention are now described in further detail. These components

include power supply circuit 132 and capacitor 112.

20 As described above, normal line power is supplied by line source

power supply 120 through power supply circuit 132. In addition, power

supply 120 simultaneously charges capacitor 112 while providing power to

RAM 116. In the event of a loss or interruption of normal line power at line

source 120, capacitor 112 will discharge to supply the necessary voltage to

25 enable RAM 116 to maintain data stored in its memory cells.

64
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As introduced above and discussed in detail below, the power backup

feature of the present invention is utilized in conjunction with a ROM.

However, the ROM components cannot be written too often (also discussed

below). Thus, it is desired for capacitor 112 to have the capability to maintain

5 the necessary voltage atjunction 130 for RAM 116 to maintain the stored data

for as long as possible.

In the preferred embodiment of the present invention, capacitor 112 is

a .22F SUPERCAP, available from NEC Electronics, Inc., Mountain View,

California, U.S.A. Due to its large capacity of .22F, capacitor 112 has a

10 discharge time of a minimum of 10 days when supplying power to CMOS

RAM 116. Thus, when there is a power interruption or failure for 10 or more

days, capacitor 112 will supply the necessary power to preserve data in RAM

116, and ROM 114 will not have to utilized. Further details regarding the

NEC SUPERCAP capacitor 112 may be found in SUPERCAP User Manual,

15 Document No. DEP-10046 (also available from NEC Electronics, Inc.,

Mountain View, California, U.S.A.), herein incorporated by reference in its

entirety.

As introduced above, in the preferred embodiment of the present

invention, capacitor 112 is a .22F SUPERCAP available from NEC.

20 However, as one skilled in the relevant art would find apparent, any high

capacitance capacitor may be used which is compatible with the anticipated

duration of power interruptions which may occur. If the capacitance of

capacitor 112 is too low, then ROM 114 will be utilized more often. Thus,

if there are few long-term power interruptions, ROM 116 will still not be

25 utilized often.

i (
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B. Data Backup Components

The system components directed to the backup and restoration of valid
.4..

RAM data e now discussed. In particular, ROM 114 with ROM device 104

and ROM device 106 are provided to store copies of valid RAM data in the

5 event that power is removed for a time greater than tha ich capacitor 112

can supply backup power. The copying of RAM data and the transferring of

data between processor 102 and RAM 116 and ROM 114 is performed by

processor 102. More specifically, there are two functional components of

processor 102 associated with the present invention: a backup subprocessor

10 134 and a restoration subprocessor 136. Backup subprocessor 134 backs up

valid RAM data by copying it to ROM. A restoration subprocessor 136

restores RAM data which was previously backed up by backup subprocessor

134 to replace corrupted data stored in RAM 116.

As introduced above, ROM 114 is comprised of two ROM devices 104

15 and 106. Each of these are configured to store a copy of RAM data, referred

to as a "flash copy." Thus, in the preferred embodiment, two copies of RAM

data are maintained in ROM 114.

ROM 114, like all read-only memory components, is limited in the

number of write cycles that it can support. This is typically on the order of

20 a hundred thousand times. Thus, to extend the life of ROM 114, the present

invention writes RAM data to ROM only at particular times and under certain

conditions. Specifically, RAM data is copied to ROM 114 at power up when

the validity of the RAM data has been verified. One copy is the latest copy

of RAM data as of the time that the system receives line power from line

25 source power supply 120. The other copy is an older version of RAM data

which is held for the unlikely event of a power interruption during the copying

of data into ROM 114. Under such conditions, the more recent backup copy

which was in the process of being copied to ROM 114 may have become

I I
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corrupted or may be incomplete. The flash copy which is the older version

of RAM data may then be used as a backup copy.

In the preferred embodiment of the present invention, flash ROM

devices 104 and 106 are Intel 28FOO1BX-T/-B CMOS Flash Memory,

5 available from Intel Corp., Santa Clara, California, U.S.A. CMOS flash

ROM device 104 and CMOS flash ROM device 106 are nonvolatile flash

memory comprised of four separately erasable blocks. In addition, each block

is capable of being reprogrammed separately to ensure data integrity. The

blocking scheme allows logical segmentation of the embedded software, with

10 an 8 Kbyte block for boot code, a 112 Kbyte block and a 4 Kbyte block,

combined to store the code associated with backup subprocess 134 and restore

subprocess 136, and another 4 Kbyte block for storing critical data. In the

preferred embodiment of the present invention, the critical data is parametric

data, such as odometers, configurations, and identify bits. Thus, ROM 114

15 is capable of separately storing two copies of RAM data, one in CMOS flash

ROM device 104 and one in CMOS flash ROM device 106. However, as one

skilled in the relevant art would find apparent, other types of read only

memory may be used which have the capability of separately storing multiple

copies of RAM data.

20

ROM devices 104 and 106 also comprise a powerdown mode to lock

out erase or write operations during system power up or power loss to provide

absolute data protection. Thus, after an initial powerup or after return from

a long-term powerdown situation, ROM devices 104 and 106 function as

25 standard read only memories. In addition, the blocking scheme of ROM

devices 104 and 106 allows updates in the main and parameter blocks while

providing recovery code in a boot block in the unlikely event of a power

failure during update. Further features of ROM 114 may be found in Intel

product literature for Pat. No. 28FOO1BX-T/28F01BX-B 1M (128K X 8)

r 0
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CMOS FLASH MEMORY, order no. 290406-002, available from Intel

Corporation, Santa Clara, California, U.S.A.

In the preferred embodiment of the present invention, processor 102

is 68000 series Motorolla processor. However, as one skilled in the relevant

5 art would find apparent, any other processor may be used which is configured

to interface with ROM 114 and RAM 116 and which can perform the

processing described below.

III. Data Backup Operation

Figures 2 through 4 are a flowchart of the RAM data backup and

10 restoration process of the present invention. Referring to Figures 2-4, a

preferred embodiment of the RAM data backup and restoration process is now

discussed. The RAM data backup and restoration process 200 is invoked at

start 202 when the system in which the present invention is implemented

initially receives power.

15 First, in step 204, RAM 116 is verified to determine if it is corrupted.

In the preferred embodiment of the present invention, this verification of the

RAM data is accomplished by invoking a well known checksum operation.

However, as one skilled in the relevant art would find apparent, other memory

verification procedures may be used, depending on the particular application.

20 Typically, in the present invention, RAM 116 would only be corrupted when

backup capacitor 112 has discharged to a point beyond which it can no longer

supply the minimum voltage of +2 volts to RAM 116.

If RAM 116 is not corrupt, then the RAM data backup and restoration

process 200 continues at block 206 wherein a RAM backup subprocess 206 is

25 performed. RAM backup subprocess 206 copies the contents of RAM 116

into ROM 114. This process is illustrated in Figure 3 and discussed in detail

I~
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below. If RAM 116 is found to be corrupted in step 204, then processing

continues at block 208 with a RAM restoration subprocess 208. RAM

restoration subprocess 208 replaces this invalid data by restoring RAM 116

with valid data which has been previously stored in ROM 114. This process

5 is illustrated in Figure 4 and discussed in detail below.

A. Backup of Valid RAM

Referring to Figure 3, the RAM backup subprocess 206 of the present

invention is now discussed. As discussed above, in the preferred embodiment

of the present invention, RAM 116 is comprised of two separate RAM devices

10 108 and 110. As discussed above, this separation of RAM 116 is

inconsequential to the design of the present invention and was chosen due to

the availability of components presently existing in the system in which the

present invention is implemented. Thus, RAM 116 contains data, the integrity

of which is to be guaranteed. This data is referred to as critical data, and is

15 stored in both RAM device 108 and RAM device 110.

RAM backup subprocess 206 begins at start block 302, at which point

RAM 116 has been verified as containing valid data which is to be copied to

ROM 114.

As discussed above, in the preferred embodiment of the present

20 invention, ROM 114 is comprised of two separate ROM devices 104 and 106,

each of which stores a copy of the critical data. As will be discussed in detail

below, the flash copy which is stored in one ROM device is not the same as

the flash copy stored in the other ROM device. For ease of description, the

copy of RAM data stored in ROM device 104 will be referred to as flash copy

25 1 and the copy of RAM data stored in ROM device 106 will be referred to as

flash copy 2. As noted above, ROM 116 may be comprised of a single ROM

device. In such a case, the ROM device must have separately controllable

7<
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portions, one configured to store flash copy 1 and the other configured to store

flash copy 2. Other configurations of ROM 114 are considered to be within

the purview of one skilled in the relevant art.

One function of RAM backup subprocess 206 is to determine which

5 flash copy to replace with the data stored in the RAM. Another function

RAM backup subprocess 206 is to copy the critical RAM data from RAM 116

to the ROM device containing the selected flash copy which is to be replaced.

Also, the present invention updates the status of the selected flash copy to

indicate the changed status of the data contained in the ROM component which

10 stores that flash copy.

First, in step 304, flash copy 1, located on ROM device 104, is

checked to determine if it contains valid data. This is performed by checking

an associated validity bit stored in one of the parameter blocks of the

associated ROM device 104. If flash copy 1 does not contain valid data, then

15 data which is stored in RAM 116 may be stored in ROM device 104 in place

of the invalid data presently stored as flash copy 1 in ROM device 104. Thus,

in step 310, flash copy 1 is erased. The odometer associated with flash copy

1 is incremented to indicate the processing point at which the RAM data is

stored as flash copy 1. This is performed in step 312. After the data in flash

20 copy 1 is erased and the odometer is incremented, the critical data stored in

RAM 116 is copied to flash copy 1 in step 314. Finally, in step 316, a valid

data bit associated with flash copy 1 is set to indicate that flash copy 1 now

contains valid data.

If in step 304 it is determined that flash copy 1 contained valid data,

25 then the above process of erasing flash copy 1 and replacing it with RAM data

does not occur. Instead, processing continues at decision block 306, wherein

a similar verification process is performed on flash copy 2.
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If flash copy 2 does not contain valid data, then data which is stored

in RAM 116 may be stored in place of flash copy 2. Thus, in step 318, flash

copy 2 is erased. The odometer associated with flash copy 2 is incremented

to indicate the processing point at which the RAM data is stored as flash copy

5 2. This is performed in step 320. After the data in flash copy 2 is erased and

the odometer is incremented, the critical data stored in RAM 116 is copied to

flash copy 2 in step 322. Finally, in step 324, a valid data bit associated with

flash copy 2 is set to indicate that flash copy 2 now contains valid data.

If flash copy 1 and flash copy 2 both contain valid data, then the RAM

10 data is copied to the flash copy containing the oldest version of data. Thus,

since there are two separate flash ROMs to which RAM data may be copied,

the RAM backup process 206 writes the copy of the critical data to the ROM

device containing the oldest data.

In step 308 the backup subprocess 206 determines which flash copy

15 contains the most recent version of RAM data. This step is performed by

reading the associated odometers for each flash copy. If flash copy 2 is newer

that flash copy 1, then flash copy 1 is erased and replaced with the critical

data from RAM 116. This process was discussed above with reference to

steps 310, 312, 314, and 316. Likewise, if flash copy 1 is newer that flash

20 copy 2, then flash copy 2 is erased and replaced with the critical data from

RAM 116. This process was discussed above with reference to steps 318,

320, 322, and 324.

Once the critical RAM data has been copied to ROM 114, the RAM

backup subprocess 206 completes at block 326.

it-
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B. Restoration of Corrupted RAM

Referring to Figure 4, the RAM restoration subprocess 208 is now

discussed. RAM restoration subprocess 208 begins at start block 402, at

which point RAM 116 has been verified as containing invalid data in step 204.

5 Essentially, during RAM restoration subprocess 208 the latest valid flash copy

stored in ROM 114 is copied to RAM 116 to replace corrupted data.

First, in step 404, the validity of the RAM data stored as flash copy 1

in ROM device 104 is verified. This is accomplished by reading an associated

valid bit stored in a parameter block of ROM device 104. If flash copy 1 does

10 not contain valid data, then that data cannot be used to replace the corrupted

data presently stored in RAM 116. Thus, the validity of the RAM data stored

as flash copy 2 is then verified in step 406. If flash copy 2 also does not

contain valid RAM data, then there is no valid data available to replace the

invalid RAM data. Processing continues at block 408 where a failure is

15 indicated due to the loss of nonvolatile data.

If in step 404 restore subprocess 136 determines that flash copy 1

contains valid data, then processing continues at decision block 410 wherein

the same verification process is performed on flash copy 2. If flash copy 2

does not contain valid data, then the critical RAM data stored as flash copy 1

20 in ROM device 104 is copied to RAM 116 in step 414.

If in step 404 restore subprocess 136 determines that flash copy 1

contains valid data and in step 410 restore subprocess 136 determines that

flash copy 2 also contains valid data, then the most recent flash copy is

selected to replace the corrupted data stored in RAM 116. Thus, in step 412,

25 the odometer associated with flash copy 1 is compared with the odometer

associated with flash copy 2 to determine which flash copy contains the oldest

version of RAM data. If flash copy 1 is newer than flash copy 2, then

-7
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processing proceeds to step 414 wherein the RAM data is copied to flash copy

1. Alternatively, if flash copy 2 is newer than flash copy 1, then processing

proceeds to step 416 wherein RAM data is copied to flash copy 2. That is,

restoration subprocess 206 of processor 102 copies the oldest flash copy of

5 RAM data stored in ROM device 104 or 106 to RAM 116.

Thus, the present invention is capable of restoring the critical data

stored in RAM 116 when it becomes corrupted. By maintaining two copies

of the critical data in ROM 114, the present invgnti n will restore the RAM

with an older version of data which wabaekup upprior to the more recent

10 version. Thus, the RAM will be restored to a known processing point from

which the processing can be recovered.

Thus, the present invention maximizes the use of ROM 114 and

capacitor 112 in their associated range of capabilities. Capacitor 112 is

utilized often for "short term" (at least 10 days) power backup since it has the

15 ability to be recharged repeatedly. ROM 114, on the other hand, is only

utilized for the rare instances where "long term" data backup is required. In

other words, there is a dual backup feature for maintaining valid RAM data;

the first (capacitor) maintains the necessary RAM voltage to avoid the loss of

data, and the second (ROM) restores the lost data when the capacitor fails to

20 maintain the RAM voltage level.

Although the invention has been described and illustrated with a certain

degree of particularity, it is understood that those of ordinary skill in the

relevant art will recognize a variety of additional applications and appropriate

modifications within the spirit of the invention and the scope of the claims.

B.'
'A
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What Is Claimed Is:

1. A random access memory (RA backup system, comprising:

2 aRAMconfigured to store bin data, including a voltage input

> 3 adapted to receive a VolU iereo

4 a capacitor, electrically oupled to said voltage input of said-RAM,

9 5 configured to provide said Mwithavoltageforastperiodoftime,said

6 voltage sufficient for idRAM to maintain said storage of said data;

7 a read only emory (ROM) configured to store multiple copies of said

8 data storedinaidRAM;and

9 pr essing means, coupled to said RAM and saidROM, for

o10 transfring saide ofsaid datagstored in said RAM to said ROM.

iS 1 2. The system of claim 1, wherein said ROMsconfgre- -s

2 a cfirstcopyanda secondcy osaiddata stored insaidRAM,andfurther

3 wherin saidROMff s-cenf iged-to-enable said firstcopy of said datatobe

4 . 4 stere and erased separately from said second copy of said data.

1 3. The system of clai fu heiomprising:

2 a power supply circuit, ite o d between aline power source and

3 said RAM,configuredtoconvertandmaininsaid line voltage toaspecified

supply voltage associated with saidRAM.

4. The system of laim 3, wherein said processor means

A a is oyadascn oyo addt trdi adRM n ute

comprises: /

a backup processing ea for opying said first copy and said second

copy of said data in said M t s ROM; and

a restore processin mean for restoring m most recent/.

of said first and second of aid data stored in said ROM to said RAM.

r I
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1 5. A method for backing up data presently stored in a RAM,

2 comprisIg the steps of:

3 (1) determining if said present RAM data is valid;

4 (2) backing up said present RAM data to a ROM when said present

5 RAM data is lid; and

6 (3) re oring the contents of said RAM with valid RAM data

7 previously stored i said ROM when said present RAM data is invalid.

1 6. The me od of claim 5, wherein said ROM comprises a first

2 storage region configured o store a first flash copy ofRAM data and a second

3 storage region configured store a second flash copy of RAM data, and

4 further wherein said step (2) omprises the steps of:

5 (a) determining whic of 1 ir flash copy and said second flash

6 copy is a most recent valid copy o dRAM ata and an invalid copy of said

7 RAM data; and

8 (b) replacing said invali co yo said RAM data with said present

9 RAM data.

1 7. The method of claim 6, where said step (2)(a) comprises the

2 steps of:

3 (i) verifying the validity of said first fl sh copy stored in said first

4 storage area of said ROM;

5 (ii) after said step (i), verifying the validi of said second flash

6 copy stored in said second storage area of said ROM i aid first flash copy

7 is valid; and

8 (iii) determining which of said first flash copy and id second flash

9 copy is said most recent copy of said RAM data.

1 8. The method of claim 7, wherein said step (2)(b) cornrises the

2 steps of:
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3 erasing said first flash copy of said RAM data if said first flash

4 copy is in'yalid; and

5 (ii) after said step (2)(i), copying said present RAM data to said

6 first storagea a of said ROM.

1 9. The ethod of claim 7, wherein said step (2)(b) comprises the

2 steps of:

3 (i) erasing s id second flash copy of said RAM data if said second

4 flash copy is invalid; and

5 (ii) after said ste (2)(i), copying said present RAM data to said

6 second storage area of said ROM.

1 10. The method of cla' 8, w rein said step (2)(b) further

2 comprises the steps of:

3 (iii) incrementinganodom te asso iated with said first storage area

4 of said ROM to indicate said first fla contains said present RAM data;

5 and

6 (iv) setting a validity bit associated ith said first storage area of

7 said ROM to indicate said present RAM data sto d in said first flash copy is

8 valid.

1 11. The method of claim 9, whereinsai step (2)(b) further

2 comprises the steps of:

3 (iii) incrementing an odometer associated with sai second storage

4 area of said ROM to indicate said second flash copy contain said present

5 RAM data; and

6 (iv) setting a validity bit associated with said second stora e area of

7 said ROM to indicate said present RAM data stored in said second fla copy

8 is valid.
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1 12. The method of claim 5, wherein said ROM comprises a first

2 storage r gion configured to store a first flash copy of RAM data and a second

3 storage re 'on configured to store a second flash copy of RAM data, and

4 further wher in said step (3) comprises the steps of:

5 (a) etermining whether said first flash copy and said second flash

6 copy is a most r ent valid copy of said RAM data;

7 (b) repi ing said present RAM data with said most recent valid

8 copy of said RAM d ta stored in said ROM; and

9 (c) indicatin said RAM data cannot be restored if said first flash

10 copy and said second fla copy are not valid.

1 13. A power and ta backup method for providing backup power

2 and data presently stored in a M having a voltage input adapted to receive

3 a voltage thereon, utilizing a RO having a first storage region configured to

4 store a first flash copy of RAM da a sec d storage region configured

5 to store a second flash copy of RA ata, com ising the steps of:

6 (1) providing a voltage fro aca citor to said voltage input of

7 said RAM when a normal power sou i terrupted for a first time duration;

8 (2) determining if said present M data is valid, said RAM data

9 being invalid when said first time duration is eater than a discharge time of

10 said capacitor;

11 (3) backing up said present RAM data ta ROM when said present

12 RAM data is valid, including the steps of:

13 (a) determining which of said firs flash copy and said

14 second flash copy is a most recent valid copy of aid RAM data and

15 an invalid copy of said RAM data, and

16 (b) replacing said invalid copy of said RA data with said

17 present RAM data; and

18 (4) restoring the contents of said RAM with valid M data

19 previously stored in said ROM when said present RAM data i invalid,

20 including the steps of:
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21 determinin -e aidfirst flash copy and said

22 second flash copy is recent valid opy of said RAM data,

23 (b) replacing sai prese data with said most recent

24 valid copy of said RAM da stored )isaid R ,d

25 (c) indicating sail - 1M data cannot be restored if saidfl t

26 flash copy and said second flash copy are not valid.
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System and Method For RAM Power And Data
Backup Utilizing A Capacitor And ROM

Abstract

A system and method for ermanently backing up RAM memory

5 devices. The present invention utili sa capacit as a primary backup device

for supplying the necessarybeckup ower for power fluctuations, power

interruptions, and other sho -duration pwer ' ures. The present invention

also utilizes a ROM as a secondary bc p evice for backing up and

restoring valid RAM da when the dura of power loss is greater than that

10 which the capacitor ca supply bac p pow . Thus, the integrity of RAM

data is guaranteed for a es of power ctuations, interruptions, and

failures. The ROM includes two storage area for separately storing two

copies of RAM data. The processor first determi es whether the data stored

in the RAM is valid. If the present RAM data is lid, the processor backs

15 up the present RAM data by replacing the oldest or i valid copy in the ROM

with the present RAM data. If the present RAM ata is not valid, the

processor restores the RAM data with the most recent lid data previously

stored in the ROM.

A287-02.WP5 092794
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"SUPERCAP"

(Electric Double-Layer Capacitors)

UP TO 2 200 000 MICROFARAD,SMALL,BATTERY-LIKE CAPACITORS THAT CAN
PROTECT CIRCUITS AGAINST TEMPORARY POWER SHUT-DOWNS

The expanding use of digital processing with its associated memory is driving the need for a standby power

source to maintain the contents of volatile memories or to continue processing function during AC power outages.

Historically, this standby function has been a choice between primary or secondary batteries.

The use of nonrechargeable (primary) batteries, such as Lithium, may be risky since there is no way to determine

how much charge is still available to handle a power outage of unknown duration. Rechargeable batteries, such as

Ni-Cd must have a controlled charge rate to limit current to battery, and must be periodically replaced.

More recently, the use of CMOSand other low power drain technologies in processor and memory IC's has

drastically reduced the total standby power requirements. This coupled with the fact that most power outages last

only a short period of time (order of several hours) has opened the door for the SUPERCAP as a third alternative

standby power source.
SUPERCAP is a completely innovative type of capacitor providing a volumetric efficiency (capacitance per

unit volume of a given voltage) of 10 to 50 times that of conventional aluminum electrolytic capacitors. The high

capacitance (2 200 000 microfarads) and kagecurrentmakes the SUPERCAP an efficient, reliable, and

cost effective energy storage device. SUPERCAP can be used as standby power sources for CMOS memories and

microcomputers up to several weeks during power outages.

The SUPERCAP can be assembled on printed circuit boards by conventional soldering processes together with

all other components. The SUPERCAP can be charged and discharged at both high and low current rates; i.e.,
microamps to amps.

This brochure tells the SUPERCAP story.

- 4FEO.C5yE JOi

NECrNEC 'S5 ch NECsi 1FA597Ofl I£SSou (~f 5.Y *~55~I~FOWLI NEC NEC 5:R.J

0
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1. FEATURES

1.1 Extremely High Volumetric Efficiency

The capacitance per unit area of the electric double layer is estimated as high as 20 to 40 pF/cm2 . The surface

area of the activated carbon is around 10,000,000 cm 2 per gram. Consequently, one gram of activated carbon

particles can be calculated to provide 200 to 400 F of capacitance.

This is why SUPERCAP has extremely high capacitance value in such a small package.

1.2 Simple Installation and Maintenance Free

As the SUPERCAP is a capacitor, there is no problem with charging/discharging no matter how quicky or how

frequently it is conducted. Unlike Ni-Cd batteries, there need neither specific charging circuit nor troblesome

charging conditions.

1.3 Wide Operating Temperature Range

The operating temperature range of SUPERCAP is wider than battery's. (FR: -40 OC to +85 0 C, FE: -40 0 C

to +70 oC, others: -25 oC to +70 OC)

Operation at higher temperature on continuous basis will result in a decrease in capacitance. That means the

backup time capability will be reduced.

1.4 "Open" Failure Mode

The failure mode of conventional capacitors is generally characterized by "short", but in case of SUPERCAP, it

becomes "open" only when excess voltage and/or temperature has been impressed for a long time period. resulting

in gassing from electrolyte and losing electrical contact between carbon particles and electroconductive rubber.

Explosion by gassing can not happen because of very low content of electrolyte in unit cells.

1.5 Long Life

On top of its low content of electrolyte, the simple product structure and the hermeticity of unit cels promise

a longer life for SUPERCAP in comparison with conventional aluminum electrolytic capacitors.

1.6 Taping Package for Automatic Assembly

Resin molded type has been developed as the FM series which is deliverable with the taping package for auto-

matic assembly.

1.7 Extention to Specific Range of Rated Voltages for Specific Applications

In pursuit of total performance of the circuit, other line-up in specific rated voltages have been reqired very

often for a few years.

For responding to those requirements, NEC has standardized the 3.5 V and 6.5 V series as the extention to new

direction.

NEC's line-up in rated voltage, therefore, consists of 3.5 V, 5.5 V, 6.5 V and 11 V.

With the features mentioned above, the SUPERCAP can be ranked as a device between a battery and a capacitor.

Once SUPERCAP is designed in, you can be free from power interruptions or battery maintenance in yor systems

with microcomputers/C MOS memories.

1
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2. ORDERING INFORMATION

2.1 Catalog Numbering System

FYD OH

Max rated voltage
OV :3.5 V
OH :5.5 V
OJ :6.5 V
1A :11 V (FA Series)

pe capacitor;
FA :FA Series
FE :FE Series
FS :FS Series
FR :FR Series
FYd FY Series (Small-diameter type)

FYH :pY Series (Low-height type)

FYL FY Series (Very low height type)

FM: FM Series (Molded type)

Following on this catalog numbering in bulk, taping
specification numbering for FM series is undermentioned.

TP 16

LHeight of component from tape
center (16: 16 mm, 18: 18 mm)

Tape packaging

2.2 Outline Drawing (unit in mm)

* Can Case Type (FA, FE, FS, FR, FY Series)

I..

P
(Terminals)

dl

di2 22: 2 MAX : PASeries
0.3 MIN: FE, FS, FR, FY Series

2

105

ECapacitance tolerance; '8o0

Capacitance;
First two digits represent significant

figures. 3rd digit specifies number of
zeros to follow. Microfarad code.
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o Molded Type (FM Series)

0 0
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2.3 Taping Specification (Amnmopack. Applicable only for FM Series)

P

b

++

L 1 L I I IL

I

i. PI

t3

*t2

Unit in mm

Item Symbol Value Tolerance Remarks

Component Height a 11.5 ± 0.5

Component Width b, 10.5 ± 0.5

Component Thickness c ± ±0.5 *5.0 for 0.01 Fto 0.047 F.6.5 for 0.1 F

Lead-wire Width W4  0.5 ± 0.1

Lead-wre Thickness t3  0.4 ± 0.1

Pitch of Component P 12.7 t 1.0

Sprocket pitch P0  12.7 10.3

Sprocket hole center to lead P1  3.85 ± 0.7

Sprocket hole to component center P2  0.35 t±1.3

Lead spacing F 5.0 ± 0.5

Component Alignment Ah 2.0 MAX. -

Tape width W 18.0 +1.0
- 0.5 __________________

Hold-down tape width W0  12.5 MIN. -

Sprocket hole position WI 9.0 t±0.5

Hold-down tape position W2  3.0 MAX. -

16.0 ± 0.5
Height of component from tape center H

18.0o 0o.5

Sprocket hole diameter 0o 04.0 ± 0.2

tj 0.7 ± 0.2
Total tape thicknesst2 15MX

Length of shipped lead L 11 MAX. I -

4
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3. STANDARD PRODUCTS

3.1 FA Series

MAX .a.d .ies mm
Ca.I-n, MX ER MX so$(inch) Weight

Catlo NFI(Farad) I(V.DC) (flkHz) (mA) D0±0.5 1H MAX. Pt ±0.3 61 ±0.1 d2 ±0.1 QjiMAX. g (oz)

FAOH473Z 0.047 5.5 20 0.071 16.0 15.5 5.1 0.A 1.2 5.0 6.2

1(0.630) (0.610) (02) (0.016) (0.047) (0.197) (0.219)

FAH0Z 01 55 8 05 21.5 15.5 7.6 0.6 1.2 5.5 12
FAH14 01 56 8 01 (0.846) (0.610) (0.3) (0.024) (0.047) (0.217) (0.423)

FAOH224Z 0.22 6.5 5 0.33 28.5 16.5 10.2 0.6 1.4 9.5 25

(1.122) (0.650) D(.4) (0.024) (0.0551 (0.374) (0.882)

FAH44Z 047 5. .5 0.1 36.5 16.5 15 0.6 1.7 9.5 4FAO47Z .4 51 5 .5 1 31 (1 A37) (0.650) (0.591) (0.024) (0.067) (0.374) (1.482)

FAH0Z 10 56 25 15 44.5 18.6 20 1.0 IA4 9.5 66
FAH0Z . . 25 15 (1.752) (0.728) (.787 (.39) (0.065) (0.374) (2.293)

.16.0 25.0 6.1 0.4 1.2 5.0 7.5
FAA23 .02 11 2 006 (0.630) (0.984) (0.2) (0.016) (0.047) (0.197) (0.265)FAA2Z 002 11 2 006

FA1AIO4Z 0.1 11 8 0.3 28.512.6 10.2 0.6 1.4 9.6 32

(1.122) (1.004) (0.4) (0.024) (0.055) (0.374) (1.129)

36.5 27.6 15 1.0 1.A 9.6 .55
FAA22 02 1 .6 (1.437) (1.083) (0.591) (0.039) (0.055) (0.374) (1.940)

446 284 .7 1414 Ils1(.5 20 1.0 1.4 9.5 8
(122) (1122) (0.87 (0.039) (0.055) (0.374) (2.928)

Note1) Capacitance tolerance: +80%,-20 %: 2) WeightistypicaI.

3.2 FE Series

cap. vA.ge MAX. ESA MAX.I[a Dimensions (ich Weight

CatlogNBR (Farad) (V.DC) (flatIkHz)- (mA) 0±0.5 H MAX.!P± 05 dlto ±. 2 ±0.1 21 MIN. g (oz)
F H43 0.4 5. 14 001 14.5 14.0 5.1 0.4 1.2 22 1.2

(0.67) (0.55) (0.2) (0.016) (0.047) (0.087) (0.042)
FE0H104Z 0.1 5.6 6.5 0.15 16.5 14.0 5.1 0.A 1.2 2.7 6

(0.65) (0.55) (0.2) (0.016) (0.047) (0.106) (0.177)

FEH2Z 02 . . .3 21.6 15.5 7.6 0.6 1.2 3.0 9.5
1 1(0.86) (0.61) (03) (0.024) (0.047) (0.118) (0.336)

FE0H474Z 0.47 5.5 1.83 0.7 1 28.5 16.5 [10.2 0.6 1.4 6.1 16

____(1.12) (0.66) (0.4) (0.024) (0.066) (0.240) (0.565)

FEOH105Z 1.0 5. 1.0 1.6 36.6 18.5 15.0 0.6 1.7 6.1 38

(1.44) (0.73) (0.59) (0.024) (0.067) (0.240) (1.343)

PEO1SZ .5 55 0. 23 4. 1.5 20.0 1.0 11.4 6,1 72
FEH15Z .5 5. 06 .3 (1275) 1(0.73) (0.79) (0.039)1(0.055) (0.240) (2.644)

Note 1) Capacitance tolerance: +80 %, -20 %; 2) Weight is typical.

5
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3.3 FS Series

Ca. MXRtdMAX, ESR MAX. [a Dimensions (inch)gh

Catalog NBA (Farad) (.DC) (S2latl1kHz) (mA) D0±0.6 H MAX. P±t0.5 d 1 ±0.1 d2 ±*0.1 Q1 MIN. g (oz)

(0.453) (0.335) (0.200) (0.016) (0.047) (0.106' }1.067
FS0H473Z 0.047 5.5 60 0.033 11.5 8.5 5.08 0.4 1.2 2 (0.657

FSH7Z .4 55 4 001 (0.512) (0.335) (0.200) (0.016) (0.047) (0.067) (0.092)

FSOH-104Z 0.1 5.5 26 0.16 16.5 8.5 5.08 0.411.2 2.7 }4.1
(0.650) (0.335) (0,200) (0.016) (0.047) (0.106) 1(0.145)

FSOH224Z 0.22 5.5 25 0.33 16.5 13.0 5.08 0.4 1.2 2.7 5.3
____(0.650) (0.512) (0200) (0.016) (0.047) (0.106) (0.187)

FSOH474Z 0A47 5.5 13 0271 21.5 13.0 7.62 0.6 12 3.0 10
(0.846) (0.512) (0.300 (0024) (0.07 0118) 40.353)

107 15 28.6 14.0 10.16 (0. 6 14 6.1 18
FSO1OZ .0 .5 7 .5 (1.122) (0.551) (0.400) (0024) (.5) (0.240) (0.635)

Note 1) Capacitance tolerance: +80%,-20 %:2) Weight is typical.

3.4 FR Series

Ca.MAX.Rated MAX. MAX. MIN. Dimensions (inch)ghCa. VOWr ESR a, SID(nh
Catalog NBR

(Faad (VC at (mA) MV 0±t0.5 H MAX. P±05 1±. d2 ±0.I 1 QMIN. g(oz)
(Farad W.D)IkHz) _ __

FR0H223Z 0.022 5.5 220 0.033 4.2 11.5 14.0 5.08 0.4 1.2 2.7 2.3
(0.453) (0.551) (0.200) (0.016) (0.047) (0.106) (0.081)

14.5 14.0 5.08 0.4 1.2 2.4 3.9
FR0H473Z7 0.047 15.5 110 0.071 4-2 (0.571) (0.551) (0200) (0.016) (0.047) (0.095) (0,138)
FROH104Z 0.1 5.5 15 .5 4.2 14. 5 15.5 5.08 0.4 1.2 2.4 4.3

T (0.571) (0.610) (0.200) (0.016) (0.0471 (0.095) (0.1521

FRH2Z 022 5.5 10 .3 42 14.5 21.0 5.08 0.A 1.2 2.4 5.3
42 (0.571) (0.827) (0200) (0.016) (0.047) (0.095) (0.1187)

1116.5 21.5 5.08 C1 12 27 1.
FR0H474Z 0.47 5.5 100 0.71 42 (0.650) (0.846) (0.200) (0.06) (0.047) (0.106) (0.265)

FRHOZ ' . 0 15 4.2 21.5 22 '0 7.'62 0.6 14 3.0 13.3FRO10Z 40 .5 0 .5(0.850) (0.866) (0.20 0) (00T24) (01047) (0.11 .8)1 (0.470)

Note 1) Capacitance tolerance: +80 %, -20 %;2 Weight is typical.

3)SD: voltage holding characteristic.
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3.5 FY Series

* FYD type: Small diameter

1MAX. Rated MAX. MAX. MIN. Dimnson mm Wih
Cap. voltage ESR a SID Diesos(inch) Wih

Catalog NBA ard W.D) M t
(Frd kV.z) (mA) (V) D ±0.5 H MAX. P ±0.5 d 1 ± 0.1 d2 ±0.1 2l MIN. g toz)

FYD0H223Z 0.022 5.5 220 0.033 42 11.5 8.5 5.08 0.4 1.2 2.7 1.6
(OASS) (0.335) (0200) (0.016) (0.047) (0.106) (0.056)

FYD0H473Z 0.047 5.5 220 0.071 42 11.5 8.5 5.08 .0OA 1.2 227 1.65
(0.453) (0.335) (0.200) (0.016) (0.047) (0.106) (0.058)

FYDOH104Z 0.1 5.5 100 0.15 42 130 .5 .8 04 12 22 24
(0.512) (0.335) (0.200) (0.016) (0.047) (0.087) (0.085)

FYDOH224Z 0.22 5.5 120 0.33 4.2 145 5. 508 O 12 24 43
(0.571) (0.591) (0.200) (0.016) (0.047) (0.095) (0.152)

FYDOH474Z 0A47 5.5 65 0.71 4.2 16.5 15.0 5.08 0.4 1.2 2.7 6.
(0.65) (0.591) (0.200) (0.016) (0.047) (0.106) (0.212)

FYDOH105Z 1.0 5.5 35 1.5 4.2 21.5 16.0 7.62 0.6 1.2 3.0 11.0
(0.85) (0.629) (0.300) (0.024) (0.047) (0.118) (0.388)

FtDOH145Z 1.4 5.5 45 2.1 42 21.5 19.0 7.62 0.6 1.2 3.0 12.0
(0-85) (0.748) (0.300) (0.024) (0.047) (0.118) (0.424)

FYDOH225Z 2.2 5.5 35 3.3 4.2 28.5 22.0 10.16 0.6 1.4 6.1 22.9
(1.122) (0.866) (0.400) (0.024) (0.055) (0240) (0.809)

Note 1) Capacitance tolerance: +80 %, -20 %; 2) Weight is typical. 3)SD: voltage holding characteristic.

* FYH type: Low height

Ca.MAX. Rtad MA.MAX. MI.Dmnin mm
Dimensionsotge ES 1 D inh Weight

CFap.d Wo.a~ DC S atS

(Frd V.)1kHz) (m) V) D0±0.5 H MAX. Pt±0.5 d 1 ±0.1 d2±t0.1 21iMIN. g (oz)

FYH0H223Z 0.022 5.5 200 0.033I42 11.5 7.0 5.08 0.4 1 '2 2.7 1.5
(0.453) (0.276) (0.200) (0.016) (0.047) (0.106) (0.053)

FYHOH473Z 0.047 5.5 100 0.071 4.2 130 70 58 0. 12 22 22
(0.5121 (0.276) (0.200) (0.016) (0.047) (0.087) (0.078)

FYHOH104Z 0.1 5.5 50 0.1,5 4.2 16.5 7.5 5.08 0.4 1.2 2.7 3.4
1 (0.65) (0.295) (0.200) (0.016) (0.047) (0.106) (0.120)

FYHOH224Z 022 55 6 03316.5 9.5 5.08 CA4 1.2 .2.7 3.6
(0.65) (0.374) (0.200) (0.016) (0.047) (0.106) (0.127)

FYHOH474Z 0.47 5.5 35 0.71 4.2 21.5 10.0 7.62 0.6 1.2 3.0 7.2
(0.85) (0.394) (0.300) (0.024) (0.047) (0.118) (0.255)

28.5 11.0 10,16 0.6 1.4 6.1 13.9
FYHH15Z 1. 5. 2 15 .2 (1.122) (0.433) (0.400) (0 .024) (0.055) (0.240) (0.491)

Note 1) Capacitance tolerance: +80%,-20 %: 2) Weight is typical. 3)SD: voltage holding characteristic.

* FY Ltype: Very low height

Ca. MAX. Rated MA.MAX. MIN. mm Wih
MAX., MUM.,SI Dimensions (inch) Wih

(Farat N. C) M0 at0 d 01d±0.1 21MIN. g (oz)
1 ~) (mA) W) D0 Ht0. P±0.dlt.1 2

(Farad) (V.197) (0,200 -.16 (007 (016 (0.32

11'0 5.0 5.08 0.2 1.2 2.7 10
FYOH23 002 20 .03 .2 (0.43) (0.197) (0.200) (0.016) (0.047) (0.106) (0.032)

11.0 5.0 5.08 0.2 1.2 2.7 1.0

FYL0H473Z 0.4..5.5 200 0.071 4.2 (0.47) .(0.197)1 (0.200) (0.016) (0.047) (0.087) (0.042)

7
Note 1) Capaciance tolerance: +80 %, -20 %; 2) Weight is typical. 3) SID: voltage holding characteristic.
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3.6 3.5 V, 6.5 VSeries

Ca. MAX.flated MAX. MAX. Diesos mm
Catalog NBR Ca. Voltag ESP [a Diesos (inch) Weight

(Farad) IV. DC) (alat 1kHz) (mA) D ±0.5 H MAX. P ±0.5 d 1 ±0.1 1d2 ±0.1 21iMIN. g (02)

FSHQV433Z 0.043 3.5 50 0.039 110 52 50 0. 12 27 0
(0.413) (0205) (0.2) (0.008) (0.047) (0.106) (0.035)

FYDOV563Z 0.056 3.6 150 0.050 11.0 5.2 5.08 0.2 1.2 2.7 1.0
(0.413) (0.205) (0.2) (0.008) (0.047) (0.106) (0.035)

FSHOJ223Z 0.022 6.5 60 0.040 11.6 8.5 6.08 0.4 1.2 2.7 1.7
1 1 11 1(0.453) (0.355) (0.2) (0.016) (0.047) (0.106) (0.060)

FY00J273Z 0.027 6.6 200 0.049 11.5 8.5 5.08 0.4 1.2 2.7 1.6
______(0.453) (0.355) (0.2) (0.016) (0.047) (0.106) (0.056)

Note 1) Capacitance: +80 %, -20 %; 2) Weight is typical.

3.7 FM Series (Molded type)

Ca.MAX. Rated MA)C MAX. MIN.1Dmnin mm Wih
Ca. VIv ESR as soienin (inch) Wih

Catalog NR
(Farad) IV. DC)1kHat (mA) (V) W±0.5 H±0.5 T±0.5 P±0.3 L±1.0 d1 ±0.1 d2±0.1 g(OZ)

F H13 0.1 55 3000542 10.5 11.5 5.0 5.0 5.0 0.5 0.4 1.3
FMH13Z 0.1 .5 30 001 42 (QAlS) (0.453) (0.197) (0.197) (0.197) (0.020) (0.016) (0.046)

FMH2Z 002 55 2000342 10.5 11.5 5.0 Sn0 5.0 0.5 0.4 1.3
FMH237 0.22 5. 20 .03 2 (0.413) (0.453) (0.197) (0.197) (0.197) (0.020) (0.016) (0.046)

FMH7Z 007 55 2000142 10.5 11.5 5.0 5.0 50 0.5 0.4 1.3
FMH43Z 0.47 5. 20 .01 2 (0.413) (0.453) (0.197) (0.197) (0.197) (0.020) (0.016) (0.046)

10. 11.5 6.5 Sn0 5.0 0.5 0.4 1.6FMOH104Z 0.1 5.5 100O 0.15 4.2 (.13 (0.453) 1(0256) 1(0.197) f(0.197) 1(0.020)(016 (.0)

Note 1) Capacitance:4+80 %,-20 %; 2) Weight is typical: 3) SD: Voltage holding characteristic.

a
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4. TECHNICAL DATA

4.1 Specification

FA FE FS

Operating Temperature Range -25 C -+70 *C -40 oC - +70 'C -25 0 'C +70 *C

Rated Voltage 5.5 V, 11 V 5.5 V 5.5 V

Capacitance Range 5.5 V: 0.047 F - I F 0.047F-1.5F 0.022F 1.0 F
11 V: 0.022 F - 0.47 F

Capacitance Tolerance +80%,-20% +80%,-20% +80%,.-20%
ESR See table in 3.1 See table in 3.1 See table in 3.1
Current at 30 min See table in 3.1 See table in 3.1 See table in 3.1
SurgeVoltage Capacitance - more than 90 % of the initial more than 90 % of the initial
Test requirement requirement

ESR res tlhan120% of the initial les than120% of the initial
requirement requirement

Current -less than 1203%6of the initial less than 120 %of the initial
_____________requirement requirement

Temperature Capacitance 25C more than 70 % of -40C more than 40%of -25C more than 50 % of
Characteristics the initial value the initialvalue the initial value
Test ESR less than 300 % of less than 400 % of less than 300 % of

the initial value the initial value the initial value

Capacitance

ESR

Capacitance +70C less than 150%of +70 less than 200% of +70C less than 150% of
the initial value the initial value the initial value

ESR Shall meet the Shall meet the Shall meet the
initial requirement. initial requirement. initial requirement.

Current Less than 1.5 CV (mA) Less than 1.5 CV (mA) Less than 1.5 CV (mA)

Capacitance +25 within ±20 % of +25 within ±20 % of +25'C within ±20 %of
the initial value the initial value the initial value

ESA Shall meet the Shall meet the Shall meet the
initial requirement. initial requirement, initial requirement.

Current Shall meet the Shall meet the Shall meet the
initial requirement. initial requirement. initial requirement.

Vibration Test Capacitance Shall meet the initial Shall meet the initial Shall meet the initial
ESR requirement. requirement, requirement.

Current

Solderability At least 75% covered by con- At least 75% covered by con- At least 75% covered by con-
tinuous new solder coating. tinuous new solder coating. tinuous new solder coating.

Soldering Heat Capacitance Shall meet the initial Shall meet the initial Shall meet the initial
Resistance requirement. requirement. requirement.

ESR

Current

Temperature Capacitance Shall meet the initial Shall meet the initial Shall meet the initial
Cycling ESR requirement. requirement. requirement.

Current

Moisture Capacitance more than 90 % of the initial within ±20 % of the initial more than 90 % of the initial
Resistance value value requirement

ESR less than 120 % of the initial less than 120% of the initial less than 120 % of the initial
requirement requirement requirement

Current less than 120% of the initial less than 120% of the initial less than 120 % of the initial
requirement requirement requirement

Load Life Capacitance more than 85 %of the initial within ±30 %of the initial more than 8536of the initial
requirement value requirement

ESR less than 120% of the initial less than 300% of the initial less than 200 % of the initial
requirement requirement requirement

Current less than 200% of the initial less than 200% of the initial less than 200% of the initial
requirement requirement requirement

Voltage Holding Characteristics

10

4

4
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0

1 1

FY (FYD, FYH, FYL), FM FR 3.5 V and 6.5 V series Test Conditions

-25 0 C -+70'C -40C-~+85'C -25OC-+706.C
5.SV 5.5V 3.5SV 6.5SV

FYD: 0.022 F - 2.2 F 0.022F- 1.0F 0.04SF0.056F0.022F0.027F Refer to Measuring Method (P.12)
FYH: 0.022 F - 1.0 F
FYL:0.01 F -0.047 F
FMM: 0.01 F - 0.1 F

+80%,-20% +80%,-20% +80%,-20% Refer to Measuring Method (P.12)
See table in 3.1 See table in 3.1 See table in 3.1
See table in 3.1 See table in 3.1 See table in 3.1
more than 90 % of the initial more than 90 % of the initial more than 90 % of the initial Surge Voltage: 6.3 V,
requirement requirement requirement Temperature: 70 ± 2*C
less than 120% of the initial less than 120% of the initial less than 120% of thinitial (FR Series 85 t 2 *C)

requirement 1000 cycles
requirement requirement Charge: 30 sec.

less than 120 % of the initial less than 120 % of the initial less than 120 % of the initial Discharge: 9 min 30 sec.
requirement requirement requirement

~20 oehn0of -25 0 'C more than 50 %of -2500C more than 50 %of
theinitialvalue the initial value the initial value
lessthan400%of less than 400 % of less than 400 % of
theinitialvalue the initial value the initial value

-- 400
'C more than 30o%of-

the initial value
less than 700 %
of the initial value

+700 O less than 200 % of +80 less than 200 % of +70 less than 200 % of
the initial value the initial value the initial value

Shall meet the Shall meet the Shall meet the
initial requirement. initial requirement, initial requirement.

Less than 1.5 CV (mA) Less than 1.5 CV (mA) Less than 1.5 CV (MA)

+250C within ±20 %of +25 *C within±t20% of +25 'C within ±20 %of
the initial value the initial value the initial value
Shall meet the Shall meet the Shall meet the
initial requirement. initial requirement. initial requirement.

Shall meet the Shall meet the Shall meet the
initial requirement. initial requirement. initial requirement.

Shall meet the initial Shall meet the initial Shall meet the initial Frequency: 10 - 55 Hz/min.
requirement requirement. requirement. Time: 2 hours each for

3 directions (total 6 hours)

At least 75% covered by con- At least 75 % covered by con- At least 75% covered by con- Temperature: 230 ±5'C
tinuous new solder coating tinuous new solder coating tinuous new solder coating Time: 5 ± 0.5 sec

immersing the 1.6 mm (FA
series: 2.5 mm) of lead
terminal.

Shall meet the initial Shall meet the initial Shall meet the initial Temperature: 260 ± 10 0C
requirement. - requirement. requirement. Time: 10±1 sec

immersing the 1.6 mm (FA
series: 2.5 mm) of lead
terminal.

Shall meet the initial Shall meet the initial Shallmeettheinitial Temperature: -25'C (FR -FE:
requirement. requirement. requirement. -40 C)

+70 0C (F R: +85 'C)
5cycles

within ±20 % of the initial within ±20% of the initial within ±20% of the initial Temperature: 40 ± 2 0C
value value value Relative Humidity: 90 - 95%

less than 120 % of the initial less than 120% oftheinitial lessthan200%oftheinitial Time:240 hours
requirement requirement requirement

less than 120 % of the initial less than 120% of the initial less than 120 %of the initial
requirement requirement requirement

within ±30 % of the initial within ±30%of the initial within ±30% of the initial Temperature: 70 ± 2 OC
value value value (FR: 850C200)

less than 200% of the initial less than 200 % of the initial I less than 300%oftheinitial Applied Voltage: Rated Voltage
requirement requirement requirement Series Resistance: 0£2
less than 200 % of the initial less than 200 %of the initial less than 200% of the initial Time:1000hours
requirement requirement requirement i
Voltage between terminal Voltage between terminal Voltage between terminal Charge Applied Voltage: 5 V
leads shall be higher than leads shall be higher than leads shall be higher than Time: 24 hours
4.2 V. 4.2 V. 4.2 V. Discharge Time: 24 hours

CA

U
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4.2 Measuring Method

(1) Capacitance

Capacitance can be calculated using the formula in Fig. 1 by using the charging time constant (T) being meas-

ured from the circuit diagram.

C= - (F)
Rc

Ac S.W. +
Eo C

Eo :3.0 V. DC for Rated Voltage Code OV (3.5 V)

5.0 V. DC for Rated Voltage Code OH (5.5 V)

6.0 V. DC for Rated Voltage Code OJ (6.5 V)

:10.0 V. DC for Rated Voltage Code 1A (11 V)

r : Tine period (see) to reach Ve = 0.632 Eo

Re:

SeriesF>
FA FE FS FM FR V

Cap FYD FYH FYL

0.01 - - - - - 5 k 5 k - 0.022F

0.022F 1 ka - I k 2ka 2k2 2 kn 2k2 2 k2 -. 056F

0.047F 1 k2 1 kn 1 kf 2 k2 1 ka 2 k2 2k 1 k 2k

0.1F 5102 510n 5102 1k 5102 - 1kn 1ka -

0.22F 200 n 200 2 200 2 510 2 5102 - - 5100 -

0.47F' 100 a 100 100 n 200 a 200 n - - 2002 -

1.OF 51 a 51 2 100 a 1002 1002 - - 100n -

1.4F - - - 2002 - - - -

1.5F - 51n - - - - - -

2.2F - - - loon - -1 -

Fig. 1 Capacitance Measurement

(2) Equivalent series resistance (ESR)

A measuring circuit and formula are shown in Fig. 2.

Vc
ESR 10-2 )

1OmA

f:ikHz C V

Fig. 2 ESR Measurement

(3) Current (at 30 minutes after charging)

A measuring circuit and formula are shown in Fig. 3.

Current shall be calculated from the equation below.

Prior to measurement, both lead terminals must be short-circuited for a minimum of 30 minutes.

The lead terminal connected to the metal can case is connected to the negative side of the power supply.

EO The same as 4-2 (1) above

Rc 0.01 F to 0.056F 1,000 R

0.10 to 0.47F 100 2

LOF to 2.2F 10

12

V R

Ac S.W. +C

E C aEoCurrent -

Fig. 3 Current Measurement

curn x 10' (mA)
-Rc.

6,
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4.3 Charge/Discharge Characteristics

(1) Charging characteristics

Charging characteristics of 5 V, 0.047F is shown in Fig. 4.

0

Time (Seconds)

OV to 5V (Rated voltage)

Fig. 4 Charging Characteristics

SUPERCAP, as a battery, has excellent charging characteristics since it can be charged within seconds.

(2) Charging Current

Fig. 5 shows a typical charging current, which reaches very low current level (i.e. leakage current) long hours
after the charging started.

The power dissipation in keeping the rated voltage applied to the SUPERCAP can be roughly estimated by this
ultimate leakage current.

FYD-Type
Applied voltage: 5 V
Series resistance: 1,000 f2
Temperature: 25*C

FYDOH225Z
FYDOH145Z
FYDOH105Z
FYDOH474Z

FYDOH224Z

FYDOH104Z

FYDOH473Z
FYDOH223Z

0 50 100 150

Time (h

Fig. 5 Charging Current

13

100,

10

C
03

0

C
C)

.2
U

0.1

0.01

5 V 0.047FI I

" C

123456789

4

3

2

1

0 0

I
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(3) Discharge Characteristics

Only a figure for discharge characteristics of FYDOH473Z is mentioned typically here in this section, however

many figures for all the types are necessary and very useful for the capacitance selection in circuit design.

All of those figures are mentioned in latersection of Capacitance Selection Method.

. - - - - ----- -

.0

so *A 15,A (20 p/J *1,A *11

.0 - - 1- -1- ---I I I I I I I I

100

Charging: 5 V, 0 2. 24 Hr

1000

0

Fig. 6 Load Discharge Characteristics of FYDOH473Z

14

4.0

5Z
a,
a
Co

0

0.1 10

Time (Hr)

5

3

2.0

1I
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(4) Self discharge characteristics

Self discharge characteristics shown in Fig. 7.

5.0

ae

0

4.0

3.

20

O 1 500

Time (Hr)

1000

Fig. 7 Voltage Holding Characteristics of FYD Series

4.4 Life Test Data

The following information is reference data and not guaranteed specifications.

(1) Charge/discharge cycles

Fig. 8 shows capacitance and ESR change during 15,000 charge/discharge cycle life test.

The time period is 30 sec on charge and 30 sec on discharge with no series resistors connected

10

0

;-10

-20

Capaciance change

5V,1F~

3000 8000 9000 12000 15000

Cycles

ESR change

3000 6000 9000 12000 15000

cycles

Fig. 8 Charge/Discharge Cycle Test Data

The test conditions are more severe than NEC guarantee specification.

Charging and discharging SUPERCAP is limitless in repetition because the mechanism is based on physical

phenomena which gives no damage to SUPERCAP at all.

While since a Ni-Cd battery makes use of a chemical reaction, it can not be repeated more than a few hundred

cycles.

15

Applied voltage5V,.24 hours

01 1Series resistance 0 &1@250 C

5V Il F

V I I I I

4

3

2
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(2) Life test at maximum operating temperature

Capacitance and ESR change at life test, are typically shown in Fig.9, Fig.10 and 11.

The test conditions are moresevere than NEC guarantee specification.

*:5.5V@50'C x:5.5V@70'C

2

a ~

10000 50000

Time (hr)

*:5.5V@50'C x:5.5V@70'C

10000 50000
Time (hr)

Fig.9 Life Test Data (FAH105Z)

o:5.5V@25C *:5.5V@50 0 C
x: 5.5 V @70'C A: 5.5V @ 85C

50

W

0:5.5V@25
0c *:5.5V@50oC

x:s.sV@700c A:5.sV@850c

0I
40 - - -

20-

10~~z~
0

100
Time (hr)

1000 10000 50000

Time (br)

Fig. 10 Life Test Data (FSOH473Z)

250

200

150

en
Lii

10

100
10000 50000

71

WJILL1I ~
1000

*: 5.5 V @ 70 *C

10000 50000

Time (hr)

Fig.11 Life Test Data (FYDOH474Z)

1s

' -

-oo00
100 1000

+10
0

C-,
C,
-C

-Inn
100

0

C)

-50

-100
1000

Time (hr)

+10
0

-50
NN'

100

*:5.5 V @70'oC

- -- - -I I I-

I

00- -

'0--

+1010

0

I

100 1000

1000 10000 50000

I

Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 80



(3) Storage life ay high/low temperature

Fig. 12, 13 and Fig. 14, 15 are typical storage life test data at 85 OC for 1,000 h and -40 oC for 500 h respec-

tively.
The test conditions are more severe than NEC guarantee specification.

I-,
ci

capacitance change
10

-10 25 50 1000

-20

20 £00 1000

ci
Cr
to

1

ESR change

250 500 1000

Fig. 12 Storage Life Test Data; at 85 OC (FAH105Z)

0

-10

-30 -

-40 T
0 25o soo

Time (hr)

Cr
to

100

50

0
0 250 500 1000

Time (hr)

Fig. 13 Storage Life Test Data at 85 oC (FYHOH473Z)

Capacitance change

10

0-

-10-

-20

240 500

E5R change

2-

240 500

Fig. 14 Storage Life Test Data; at -40 OC (FAOH105Z)

100

0 240 500

Time (hI)

cC

Cr

50

o

0 240 £ 500

Time (h,)

Fig. 15 Storage Life Test Data: at -40 OC (FYH04H473Z)

i~1
U

U.

Ua

+25

+10
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U

-10
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(4) Moisture Resistance

Fig. 16 and Fig. 17 are Moisture Resistance test data at 40 'C, 90 to 95% relative humidity, with no voltage

applied, for 500 h.

Capacitance change

________________________I-

500240

2

E
cc
LI
U'

ESR change

0 0 240 500
Time (h)

Time (h)

Fig.16 Moisture Resistance Test Data (FAOH105Z)

-10--

- -20- ________________ _________________
C,
U
C

-30-- _____

-At.-____
0 240

Time (h)
500

100

50

0

Fig.17 Moisture Resistance Test Data (FYDOH473Z)

18

0

-10

-20
C,
C-,
C

-40
0

240
Time (h)
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4.5 Environmental Test Data

The following information is reference data and not guaranteed specifications.

(1) Temperature characteristics

Fig. 18 and Fig. 19 show typical changes with temperature in capacitance and ESR over the operating tempera-

ture range of -25 'C to +70 oC.

Capacitance change ESR change

0 25

Temperature (eC)

2

W-

70 -25 U 25 70

Temperature (eC)

Fig. 18 Temperature Characteristics (FAH105Z)

25'C

400
c.

300

200

100

0
.-25,c 25'C W0C

Fig. 19 Temperature characteristics (FYDOH473Z)

19

SV, IF

C,
C)
~1

-10

-25

5V, IF

20

a

10

20

U
U

-25C

20

10

0

10,
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(2) Thermal cycling test

Capacitance and ESR of SUPERCAP shall be within the initial requirements after 5 thermal cycles, which

consists of 30 min. each successive exposure at -25 'C, +25 oC, +70 OC and +25 'C per each cycle. Fig. 20 and

Fig. 21 typically show more extensive test result from 10 cycles of -30 oC to +85 oC (test A) and 10 cycles of

-30'Cto+100'C(testB).
No degradation was found in these tests.

Capacitance change

10

(A) B)

-10

initial After Initial After.

E
to
w

ESR change

2

(A) (B)

0iA t -
Initial AfterInitial After

Fig.20 Thermal Cycling Test Data; 10 Cycles (FA0H105Z)

E-

A
After

100

(A)

50

0
ta A

Initial After

01

0A
Fig.21 Thermal Cycling Test Data; 10 Cycles (FYDOH473Z)

61

20

(i

ci

+10

0

-10

A
Initial

(A),
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(3) Vibration/Mechanical shock test

Typical change in capacitance and ESR after the tests are shown in Fig. 22, 23 and Fig. 24.

Capacitancechange ESR change
4

10
3

0

-10

-20 
I.0

Initial .After Initial After

Fig.22 Vibration Test; 10 Hz to 55 Hz, 6 Hours (FAH105Z)

20

10

0

-10

-20 I af
Initial After

100

0

A A
Initial After

Fig. 23 Vibration Test* 10 Hz to 55 Hz, 6 Hours (FYDOH473Z)

capacitance change
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Fig.24 Mechanical Shock Test; MIL-STD-202E, Method 205 (FAH105Z)
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5. APPLICATION NOTES

5.1 Major Power Interruptions

Major power interruptions are illustrated in the table below. Among them, the most frequent power outages range

less than a few minutes.

Major Power Interruptions

TIME PERIOD CAUSES OF INTERRUPTION FREQUENCY

Second(s) * Service interruption (Natural phenomena, Very frequent
trouble in power system)

* Disconnect (Accidental)

* Main Power Voltage Drop

* Intermittent contact

Minute(s) * Battery replacement Frequent

* Disconnect (Accidental)

* Service interruption (Natural phenomena,
construction)

* Renioval of apparatus (Indoor)

Hour(s) * Service interruption (Natural phenomena, Infrequent
construction)

* Removal of the apparatus (Indoor)

* Trouble repair of apparatus

* Car battery replacement

Day(s) * House-moving (long distance) Infrequent

* Weekends Frequent

Week(s) * Stoppage of power supply during 1 ~ 2 times/year
holidays and summer vacations

4

22
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5.2 Power Backup Design

Certain parameters must be considered in defining the type of energy source required for standby power. These
include the following:

* Voltage level (minimum to retain memory or standby conditions)

* Current requirements (minimum to retain memory or standby conditions)

* Duration of power outages expected (or time on "Standby power")

* Shelf and operational life expected (or the needs for maintenance)

* Storage and operating range, and other environmental considerations

* Device size, reliability and safety, plus consideration to simple P.C. board assembly

* Cost (Not only device cost, but overall installation cost for related circuits, assembly, etc.)

Once these parameters are well defined, in many instances, it will become apparent that SUPERCAP provides a

reliable, maintenance free, and cost effective standby power source.

It is suggested that FA, FE, FS, FR, FY, and FM Series SUPERCAP should be selectively used as follows:

(See Fig. 25)

FA and FE Series: Medium to large current (50 miliampares or more) for short time backup applications.

FS Series: Small current (less th liampares) for several minutes backup applications.

F Y, and FM Series:Very small current (ess than 500 PyA) for several weeks backup applications.

This selection guideline is recommended due to the difference of max ESR specifications. (See Fig. 26 (a), (b),

27, 28 for detailed backup time capability.)

1A -

100 mA FA

E 10 mA

SFS0.

1 mA

.E 100 pA

10yA FRF-FM

1 pA

1 sec 10Osec 1 00sec 1h 10 0h 1 Mh

Backup Time

Fig. 25
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5.3 Backup Time Capability
Relation between backup current and backup time period is given in Fig. 26, Fig. 27 and Fig. 28.

Voltage drop: 5V - 4.5V

k-s
0

0$
0

1000

Voltagedrop: 1OV-9V
10

E

0.c
10 100 1000

Initial Backup Current (mA) Initial Backup Current (mA)

Fig. 26 (a), (b) FA and FE Series Typical Backup Time Capability (for Microcomputers)

Voltage drop: 5V - 4.5V
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Fig. 27 FS Series Typical Backup Time Capability
(for CMOS Microcomputers)

initial backup current (AA)

Fig. 28 FR, FY and FM Series Typical Backup
Time Capability (for CMOS RAMs)
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5.4 Capacitance Selection Method

(1) To obtain the capacitance for the initial backup current from several pA to several hundred pA, use Fig. 29 to
Fig. 32 of FY, FR and FM series.

Discharge characteristics on page 25 to 28.

(2) For the backup current from several hundred to 1 A, use the following Formula (1) below to determine the
capacitance.

This is applicable for FA, FE and FS series.

Charge

EO

AV

Vmin

Discharge
(Backup)

Vdrop R xl

%backup

Cap = IX[F) - (1)
AV- VdropI

where

AV = EO - Vmin

Min. Working Voltage for Ldad

Working Voltage Range for Load

I : Backup current [Al

tbackup Backup time (seel

EO : Charged voltage (V)

Vdrop = R* xl V]

*The following is value for R.

FAOH473Z 13

FAOH104Z 1

FA1A2237 20

FAIA104Z 4

FAIA224Z 1.7

FAIA474Z 1.2

FE's value is equal to FA's.

R
Catalog NBR (TYP.) (n

FS0H473Z 9

FSOH104Z 5

FS0H224Z 7

FS0H474Z 3.6

FSOH105Z 2

25

1 

-1
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Load Discharge Characteristics for Capacitance Selection

* FR Series

Charging: 5 V, O E, 24 H

0
Cl

>0

0.1 1 10 100 1000

Time (Hr)

Fig. 29 (a) FRO023Z P

Charging: 5 V, O , 24 H

11h FtM''' 1111114if11Hr7
0.1 1 10 100 1000

Time (Hr)

Fig. 29 (c) FROH104Z

Charging: 5 V, 02, 24 H
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Fig. 29 (b) FROH473Z

Charging: 5 V 0 a, 24H

05
0

0.1 1 10 1000

Time (Hr)

Fig. 29 (d
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Fig. 29 (e) FROH474Z

Charging: 5 V, 0 224 H
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Fig. 29 (f) FROH105Z
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* FYH Series

Charging: 5 V. 0 a, 24 H

4l 71: t jilli 4!i

ill
4

_ 0E

0.1

0

1 10 100 1000

Time (Hr)

Fig. 30 (a) FYHH223Z

Charging: V. 0 ,24 H

4.0 J1

3 0 IMl M l

2.0 , ,

1 . 0

0.1 1 10 100 1000
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Fig. 30 (c) FYHOH104Z

Charging: 5 V,0 R, 24 H
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Fig. 30 (e) FYHOH474Z
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Fig. 30 (b) FYHOH473Z

Charging: 5 V, 02,24 H
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Fig. 30 (d)FYHOH224Z

Charging: 5 V, O0, 24 H
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Fig. 30 (f) FYHOH105Z
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* FYD Series

Charging: 5 V, O 2, 24 H
5.0

4.0 11 Hi- ll

3.0 -- - - - -

2.o ,.. C,.MM -A 3MtA)I
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0
0.1 1 10 100 1000
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Fig. 31 (a) FYDOH223Z

Charging: 5 V, O n, 24 H
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Fig.31 (c) FYDOH105Z

Charging: 5 V, 0 f, 24 H
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Fig. 31 (e) FYDOH474Z

Charging: 5 V,0 n, 24 H
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Charging: 5 V, 0 R, 24 H

1.0 10 100 1000 10000

Time (Hr)

Fig.31 (g) FYDOH225Z

* FM Series

(5.0 V/0.01 F at 25 0 C)

4 1iI I I t IC l l I I

0.1 1 10 100
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Fig. 32 (a) FMOH103Z

(50 V/0.047 F at 25oC)
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5.5 Backup Circuit

Basic circuit diagrarr in use of the SUPERCAP is shown in Fig. 33.

Current limited resistance
AAk ki

I

vY '.

IC
SUPERCAP

Load

Fig. 33 SUPERCAP Basic Circuit

The diode shall be placed to isolate the primary power supply from the SUPERCAP during power interruption.

The backup time capability of the SUPERCAP depends on the current magnitude of the load circuit. For the

purpose of retaining data during power outages, it is suggested that SUPERCAP should be placed as close as possi-

ble to CMOS RAMs or microcomputers, then the stored charges in the SUPERCAP will be most effectively utilized.

I

-+-V, BUS

+ SUPERCAP

MEMORY

Fig.34 Possible Backup Configuration (A)

+5 V ON -CAR
+ 3-TERMINAL + +8-++15

REGULATOR - V.D.C.

+ SUPERCAP
MM ORYsa

Fig. 35 Possible Backup Configuration (B)
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5.5.1 Example Application of Supercap

+5 V

Vcc CC VCC Vcc

CSs-CS CS SUPERCA
RAM RAM RAM RAM

GND GND GND GND

V5 x

v4  c to CPU

to ROM or RAM { 2

DECODER

Fig. 36 Memory Backup Circuit Diagram

+sv

Detected
Unit

LPF
Digital.
tuner

Pulse I NT1

System controller SO
microcomputer so

MNOS

SO

X1

SIterc1

VODD
INT4 TO-T9

PPO
SO-Si5

MOS IC

4 Bit Microcomputer

Timer
Tuner

Tape counter PORT6
etc....

INTO

BUZ

X2 XT1 XT2

p74

10

16 splayUnit

Key Matrix

- -- 2 - Signal

Remote controller receiver

BZ Buzzer

717

Fig.37 VCR Microcomputer Application Circuit 31
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5.6 Typical Applications

Typical applications categolized by the functions and the magnitude of backup current required are shown in

the table below.

Typical Applications for SUPERCAP

BACKUP ADEQUATE
FUNCTIONS APPLICATIONS EQUIPMENT

CURRENT SERIES

Large current Upto1A Actuator applications Actuators FA and

supply (Large current in a Relay/Solenoid starter FE Series

short period) Igniters

Primary power supply Handheld toys

for LED displays, toys, Displays, Smoke detectors, Alarm

electric buzzer etc. devices, Emergency display

Medium Upto50mA Secondary power Car radio back-up at the engine start, FS Series

capacitypower source for undesirable etc. 3.5 V-6.5 V

supply voltage drops Series

Motor Start VCR, Video disk (FSH)

Record player

Powerbackup Lessthan CMOSMicrocomputers Phones (Memory dial, Auto-answering) FY Series

for primary 500A Electric cash registers FYD Type

power outages Electric typewriters FYH Type
Computer terminals FYL Type

Automatic measuring instruments 3.5 V*6.5 V

etc. Series

CMOSRAMs Digital tuning audio system (FYD)

ICs for Clocks (LW-MW-FM Radio, Car Radio, Stereo, FM Series

etc.)
Programmable consumer electronic

products

(VCR, Microwave oven, Games, etc.)

* CMOS RAMs Measuring instruments FRSeries

ICs for Clocks Automatic control

* High operating Communications

temperature (85 'C) Car

(Other Possible Applications)

Programmable thermostat, Medical Electronics, Copiers, Vending machines, Automatic Electricity Counters, Traffic signals,

Taxi Meters, Fuel Management Systems, Process Monitoring or Control, Satellite Communications, Military Electronics,

Avionics, Intercom, Portable "Battery" Operated Equipment, Fare collection System, POS Terminals, Mail Sorters, Scale,

Flow metering, Electronic Slot Machines, Water Heat Controllers.
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Typical test results for the actual backup time capability are listed in the table below.

SUPERCAP BACKUP TIME (TYPICAL TEST RESULTS at 25 0 C)

NEC ICs (Description) Actual current SUPERCAP tested Backup Time (Test Results)

P1.2Aorless FYHOH473Z 50 hours
(256K bit CMOISRAM)

PD1708C 10pA orless FYHOH224Z 40 hours
(CMOS[LSI for P[LTuner) (without clock)

APD75216A 8Aor less rYHoH473Z 7 hours
(CMOS Microcomputer) (stop mode)

5.7 Series/Parallel Connections

When higher rated voltage or greater capacitance (i.e., longer backup time) is required, it can be obtained by

connecting SUPERCAP in series or in parallel respectively.

(1) Series Connection

The voltage needs to be equally distributed to the capacitors. Practically, the same production lot number

capacitors shall "only" be connected in series.

Series connection of different SUPERCAP part numbers may cause imbalanced vottage distribution to each

capacitors, resulting that excess voltage may be kept applied to a specific capacitor.

(2) Parallel Connection

No major caution is suggested. Parallel connection with different part number capacitors is allowable.

5.8 General Hints and Suggestions

(1) Due to relatively high ESR, it is not recommended to apply SUPERCAP in AC or filtering applications.

(2) Do not apply the voltage beyond the maximum working voltage.

(3) Do not disassemble the capacitor, as dilute sulfuric acid is moisturized to the activated carbon.

(4) Although SUPERCAP has no polarity, it is suggested to take the longer lead as a negative porality, since the

longer lead is electrically connected to the metal can case.

(5) Grinding leads will decrease solderability.

(6) At the cleaning process after P.C board soldering, SUPERCAP should not be completely dipped into the solvent.

Ultrasonic cleaning should also be avoided.

Solvent immersion into the SUPERCAP may leave undesirable solder flux residue inside the capacitors, resulting

in possible ESR increase. Solvent shower or partial dipping to solvent is allowable.
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6. PRINCIPLE AND STRUCTURE

6.1 Operating Principle

At every interface, an array of charged particles and induced charges is thought to exist. This array is known as

an electric double layer. The large capacitance of an electric double layer capacitor arises from the charge stored at

the interface by the changing electric field between two available phases. In the SUPERCAP, one phase is the

activated carbon particle.. The other phase is sulfuric acid solution, as an ionically conducting electrolyte.

The charge distribution at the interface is illustrated in Fig. 39 (a), Fig. 39 (b) shows that with electric field

applied.

Electric double layer

E liquid

D electrolyte
Activated carbon S E

e-

Fig. 39 (a)

Electric double layer

e+ e  - 0  liquid -

~s®~eelectrolyte
Activated carbon eQ

seeS
@8

Fig. 39 (b)

Fig. 39 Electric Double Layer

The basic model of SUPERCAP is shown in Fig. 40.

E S

(9

E)

(E
1008S9 Elcrcobeae + - + -

voltage Potentialwvithvoltage applied

00

Potential at zerovoltage

Fig. 40 Basic Model of SUPERCAP

35

S

1 iE

Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 99



The charges per unit area 'N' is calculated by the formula (4), where 'd' represents a dielectric constant, signifies

the distance from a solid surface to the center of ions and '0' represents the electric potential of double layer-

d
(4)N = -x 4 ........................................... .

In Fig. 40 if '0' at the time of no-voltage is'o0' then, 'No' is shown in formula (5).

d
No -..... x o .... ....................................... (5)

4,r8

When the external electric field is applied, electrical charges are accumulated at the interface. As a result, '40'

becomes '01' and the charges increase to 'N 1 'as shown in formula (6).

d
N1 = 4 x (20 - o ) ..................................... (6)

In other words;

N1 = 2NO 4'(1 > 0) .................................. (7)
o0

Since the order of 0 is a few mili-volt, the external voltage (a few volt) can dramatically increase the charges.

This is one of the reasons why SUPERCAP can achieve extremely high capacitance in a small package.

6.2 Product Structure

The cross section of a unit cell is shown in Fig.41. The activated carbon particles moisturized (not in real liquid

state) by diluted sulfuric acid electrolyte are segregated by a porous, ion permeable separator, and packaged inside

by electroconductive rubber and nonconductive rubber gasket.

The unit cell is hermetically sealed by the electroconductive rubber and nonconductive rubber gasket, both of

which are vulcanized together at the same time. No adhesive glue is used for the seal.

The breakdown voltage of the unit cell can be as low as 1.2 volt. This is the decomposition voltage of aqueous

electrolyte solution. Therefore, several unit cells are stacked in series to get the required rated voltage.

Fig. 42 and 43 illustrate the cross section of the SUPERCAP.

Electroconductive rubber or plastic

/

Nonconductive
rubber gasket

Ion permeable separator

Activated carbon moisturized by electrolyte

Fig. 41 SUPERCAP Unit Cell

Metal can

~ Unit cells

et I Inslater

II

Insulation sleeve 6

Lead terminals

Fig.42 Cross Section of the Can Case Type
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0;

/ 11

36

61

Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 100



Molded polymer

Lead terminal

Unit cell

Fig.43 Cross Section of the Molded Type (FM Series)

[Note] Activated carbon is specially processed carbon to achieve very high porosity, so that its surface area is

greatly increased. This feature is widely utilized as an odor absorption material. SUPERCAP also utilizes

its wide surface area for the high capacitance electrode.
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6.3 Manufacturing Process and Quality Control

* Can Case Type

Materials/Process

Activated Carbon

Electrolyte

Mixing

Electroconductive Rubber

Nonconductive Rubber Gasket

Ion Permeable Separater

Unit Cell Assembly

Vulcanization

Finished Unit Cells

Series Stacking of Unit Cells

Metal Can, Insulator, Leads, etc.

Casing and Caulking

Insulation Sleeve (Marking)

Sleeving

100 % Burn-in

100% Inspection

Outgoing Inspection (sampling)

'N

Major Control Items

Particle size distribution, Purity

Electroconductivity, Purity

Mixing Ratio

Electroconductivity, Mechanical strength

Mechanical strength

Mechanical strength

Ambient (Temp, Humidity) conditions

Vulcanization Temperature

Hermeticity

Stacking Pressure, Outlook

Outlook, Dimensions, Plating thickness

Caulking pressure, Dimensions

Dimensions, Outlook

Outlook, Oven temperature

Voltage, Time, Oven temperature

Capacitance, ESR, Charging Current

Voltage holding characteristics (FR, FY Series), Dimensions

Capacitance, ESR, Charging Current

Voltage holding characteristics (FR, FY Series), Dimensions
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* Molded Type (FM Series)

Materials/Process

Activated Carbon

Electrolyte

Mixing

Electroconductive Rubber

7 - Nonconductive Rubber Gasket

Ion Permeable Separator

Unit Cell Assembly

Vulcanization

Finished Unit Cells

Series Stacking of Unit Cells

Lead Terminals

Molded

Major Control Item

Particle size distribution, Purity

Electroconductivity, Purity

Mixing Ratio

Electroconductivity, Mechanical strength

Mechanical strength

Mechanical strength

Ambient (Temp., Humidity) conditions

Vulcanization Temperature

Hermeticity

Stacking Pressure Outlook

Dimensions, Plating thickness

Outlook, ESR

Temperature, Outlook

Temperature, Voltage, Time

Capacitance, ESR, Charging Current, Voltage holding
characteristics, Dimensions

Outlook, Dimensions

Capacitance, ESR, Charging Current
Voltage holding characteristics, Dimensions
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Marking

100% Burn-in

100 % Inspection

Taping

Outgoing Inspection (sampling)
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045

04/05/95

El This application has been examined O Responsive to communicaion filed on ElThis action is made fin.

A shortened statutory period for response to this action Is set to expire ' month(s), -7 C. days from the date of this letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

PartI THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. El Notice of Referenes Cited by Examiner, PTO-892. 2. O Notice of Draftsman's Patent Drawing Review, PTO948.
3. E Notice of Art Cited by Applicant,PTO-1449. 4. El Notice of Informal Patent Application, PTO-152.
5. E Information on Now to Effect Drawing Changes, PTO-1474.. 6.EO .

Part II SUMMARY OF ACTION

1. Caims 1-3 are pending in the application.

Of the above, claims -r__are withdrawn from consideration.

2. ElClaims have been cancelled.

3. O Claims are allowed.

4. Claims - are rejected.

5. OClaims are objected to.

6. B laims i-i 3 are subject to restriction or election requirement.

7. This application has been iled with informal drawings under 37 C.F.R.1.85 which are acceptable for examination purposes.

8.l Formal drawings are required In response to this Office action.

9. ElThe corrected or substitute drawings have been receivedon. Under 37 C.F.R.1.84 these drawings
are 0 acceptable; 0 not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948)

10. The proposed additional or substitute sheet(s) of drawings, ied on _. has (have) been Uapproved by te
examiner; 0 disapproved by the examiner (see explanation).

I. OThe proposed drawing correction, filed_, has been 0approved; 0 disapproved (see explanation).

12.l Acknowledgement is made of the claim for priority under 35 U.S.C.119. The certified copy has abeenreceived 0not been received
0 been filed in parent application, serial no. _; filed on_.

13. Since this application appeas to be In condition for allowancexcept for formal matters,prosecution as to the merits Is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14.[Oother

EXAMINER'S ACTION

PTOL-326 (Rev.2/93)
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Serial Number: 322,808 -2-

Art Unit: 2511

Restriction to one of the following inventions is required

under 35 U.S.C. § 121:

I. Claims 1-4, drawn to a random access memory backup

system utilizing a RAM, a capacitorIa read only memory, and

processing means, classified in Class 365, subclass 149.

II. Claims 5-13, drawn to a method for backing up utilizing

the steps of determining, backing up, and restoring, classified

in Class 365, subclass 226.

The inventions are distinct, each from the other because of

the following reasons:

Inventions Group I (claim 1-4) and Group II (claims 5-13)

are related as product and process of use. The inventions can be

shown to be distinct if either or both of the following can be

shown: (1) the process for using the product as claimed can be

practiced with another materially different product or (2) the

product as claimed can be used in a materially different process

of using that product (M.P.E.P. § 806.05(h)). In the instant

case the process as claimed can be practiced with another

materially different product such as one not requiring processing

means. Alternatively, the product as claimed can be used in a

materially different process such as one requiring a step related

to processing means.

Because these inventions are distinct for the reasons given

above and have acquired a separate status in the art as shown by
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Serial Number: 322,808

Art Unit: 2511

their different classification restriction for examination

purposes as indicated is proper.

Applicant is advised that the response to this requirement

to be complete must include an election of the invention to be

examined even though the requirement be traversed.

Applicant is reminded that upon the cancellation of claims

to a non-elected invention, the inventorship must be amended in

compliance with 37 C.F.R. § 1.48(b) if one or more of the

currently named inventors is no longer an inventor of at least

one claim remaining in the application. Any amendment of

inventorship must be accompanied by a diligently-filed petition

under 37 C.F.R. § 1.48(b) and by the fee required under 37 C.F.R.

§ 1.17(h).

Any inquiry concerning this communication should be directed

to Do H. Yoo at telephone number (703) 308-4908.

Yoo/tj o%'(

March 30, 1995

OHlYt YOO
PRIMARY EXAMINER

GROUP2500

-3-
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ROBERT GREENE STER(IE
EDWARD J.KESSLER
JORGE A. GOLDSTEIN

SAMUEL L, Fox
DAVID K.S. CORNWELL
ROBERT W. EsMOND

TRAcY-GENE G. DURKIN

MICHELE A. CIMBALA
MICHAEL B. RAY

ROBERT E. SOKOHL

WILLIAM C. ALLISON V
MICHAEL 0. LEE

EVELYN H. MCCONATHY

ERIC K. STEFFE
ANDREA G. REISTER

DANIEL N. YANNUZZI

BRADFORD G. ADDISON
CONo A. CARRANO*

G. KEVIN TOWNSEND'
JOHN M. COVERT'

ANNE BROWN
MICHELE A. VAN PATTEN*

LINDA E. ALCORN
BRADLEY J. OLSON

,KEssian, GOLDSTEIN 8: Fox
995ATTORNEYS AT LAW

SUITE 600

1100 NEW YORK AVENUE, N.W.

WASHINGTON, D.C. 20005-3934

(202) 371-2600

D TELEFAX: (202) 371-2540

Mt'T 1995 INTERNET: skgf@tapon.net

DONALD J. FEATHERSTONE
ROBERTA. MILLMAN
STEVEN R. LuowiG

LAWRENCE B. BUGAISKY
RAZ E. FLESHNER
KAREN R. MARKOwICZ
DREW GRANSTON

GREGORY P. EINHORN

MICHAEL V. MESSINGER
DAVID C. ISAACSON

REGISTERED
PATENTAGENTS

INNER HARaOR CENTER

EAST PRATT STREET. SUITE 800

BALTIMORE. MARYLAND 21202

(4101 659-7570

WRITER'S DIRECT NUMBER

(202) 371-2550

May 5,1995
JAMES L. LEWIS'

OF COUNSEL

*BAR OTHER THAN D.C

Assistant Commissioner for Patents
Washington, D.C. 20231

Re: U.S. Utility Patent Application
Appl. No. 08/322,808; Filed: October 13, 1994
For: System And Method For RAM Power And Data Backup Utilizing A

Capacitor And ROM
Inventors: Reasoner et al.
Our Ref : 1094458

Sir:

Transmitted herewith for appropriate action are the following documents:

1. Response to Restriction Requirement; and

2. Three Return Post Cards.

It is respectfully requested that the attached postcard be stamped with the date of filing
of these documents and returned to our courier.

In the event that extensions of time are necessary to prevent abandonment of this patent
application, then such extensions of time are.hereby petitioned.
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STERNE, KESSLER, GoLDSTEIN & Fox

Assistant Commissioner for Patents
May 5, 1995
Page 2

The U.S. Patent and Trademark Office is hereby authorized to charge any fee deficiency,
or credit any overpayment, to Hewlett Packard's Deposit Account No. 08-2025. A duplicate
copy of this letter is enclosed.

Respectfully submitted

TERN E SSLR, OLDSTEIN&FOX

Edw J.e se
orney A ants

Registration No. 25,688

EJK:alw
C:1EJK\1245183.CVR
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of:

Reasoner et al. Art Unit: 2511

Appl. No. 08/322,808 Examiner: Yoo, D.

Filed: October 13,0i9 Atty. Docket: 1094458

For: System And Method For RAM
Power And Data Backup
Utilizing A Capacitor And ROM

Response To Restriction Requirement

Assistant Commissioner
for Patents

Washington, D.C. 20231

Sir:

In response to the Office Action dated April 5, 1995, requesting an election of one

invention to prosecute in the above-referenced patent application, Applicant hereby

provisionally elects to prosecute the invention of Group I , represented by claims 1-4. This

election is made without prejudice to or disclaimer of the other claims or inventions

disclosed.

This election is made without traverse.

It is not believed that extensions of time are required, beyond those that may

otherwise be provided for in accompanying documents. However, if additional extensions

of time are necessary to prevent abandonment of this application, then such extensions of
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Appl. No. 08/322,808

time are hereby petitioned under 37 C.F.R. §1.136(a), and any fees required therefor are

hereby authorized to be charged to Hewlett Packard's Deposit Account No. 08-2025.

Respectfully submitted,

STERN , KESSLER DSTEIN & FOX

AttomeforA iants
istration No. 25,688

Date:

1100 New York Avenue, N.W.
Suite 600
Washington, D.C. 20005
(202) 371-2600

EJK:alw
C:\EJK\1245183.REQ

- 2- Reasoner et al.

Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 111



UNITED STATES DEPARTMENT OF COMMERCE
. Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington. D.C. 20231

SERIALNUMBER FILINGDA INVENTOR ATTORNEY DOCKET NO.

0-8/322,808 10/13/Q94 REASONER K 1945
EXAMINER

YLO, D
25MI/0524

RECORDS MANAGER
LEQAL DEPARTMENT 20BO
HEWLETT-PACKARD COMPANY
P 0 BOX 10361
PALO ALTO CA 94303-0890

This Is a communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

application has been examined 21F.sponsive to commianication file

A shortened statutory period far response to this action is set to expire _a___
Failure to respond within the period for response will cause the application to becom

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. t!ce of References Cited by Examiner, PTO-892. 2.
3. * Notice of Art Cited by Applicant, PTO-1449. 4.
5. D Information an How to Effect Drawing Changes, PTO-1474- 6.

Partil SUMMARYOFACTION

1. [9'6ftilms

Of the above, claims

2. Claims

3. Clacina.

4. El`CI.Im.

S. 1:1 Claims

6. lEfClalms

7. 2 T tflapplicaflon has been filed with Informal drawings under 37 C.F.R. 1.85

o. El Formal drawings are required In response to this Office action.

9. 0 The corrected or substitute drawings have been received on
are [3 acceptable; [I not acceptable (see explanation or Notice of Draftsm

10.0Theprop.sed additi nalol.ub ftutesheet s)ofdmWingsiilodon
examiner; [I disapproved by the examiner (see explanation),

11. 0 The proposed drawing correction, filed. has been

EXAMINFIR'S ACTION

2511
PALO ALTO CA 94303-0890 DATEMAILED:

05/24/95
This Is acommunication from the examinerIn charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

applicationhasbeenexamined [ sponsivetdcommunicationfiledon < rCt OlThis action Is made final.

Ashortenedstatutoperiodforresponsetothisactionissettoexpire 3 month(s), - days from the date of this letter.
Faluretorespondwithintheperiodforresponsewillcausetheapplicationtobecome abandoned. 35 U.S.C. 133

PadI THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1, ticeofReferences Cited by Examer,PTO-892. 2. ice of Draftsman's Patent Drawing Review, PTO-948.
3. Notice ofAtCtedbyApplicantPTO-1449. 4. ] Notice of informal Patent Application, PTO-1 52.

5. Elnormation on ow to affet rawing Changes,PTvo474.. 6.El____O .______________

PadtII SUMMARY OF ACTION

1.l aims ~.are pending In the application,

01the above, claims 'd .'- jare withdrawn from consideration.

2.EOClaims have been canceled.

~. Ellaimsare allowed.

4.I alms are rejected.

5. Olaims are objected to.

6.EIaims - 3are subject to restriction or election requirement.

7. applicationhas been filed withInformal drawings under37C.F.R.1.85which are acceptable for examination purposes.

8.O lForma drawings are reuiredIn response tohisaffice action..

9.0 Elnhcorrectdor sbstitute drawings haveeen receive on_. Under 37 C.F.R.1.84 these drawings
are0acceptable;ntacceptable(seeexplanationorNoticeofDraftsman's Patent Drawing Review, PTO-948).

10. O Inheproposeaditional orsubstitutese es) orawingsie on_. has (have) been [approved by the
examiner; 0 disapproved bythe examiner (seeexplanation)

11.EO he proposedrawing correction,ied . hasbeen alapproved;a disapprove (see explanation).

12.ElAcknowledgementIsmadeoftheclaimforpriorityunder3sU.S..11. Thecertified copy has abeenreceived a not been received
Obeeniled In parent application, serial no.___; fied on

13.0Sinetsappiationpppearstobeinconditionforallowanceexceptoraformal matters,prosecution as to the merits is closed in
accordancewiththepracticeunderExparteQuayle,1935CD.11;4530G.213.

14.[1Other

PTOL-326 (ae. 2193)
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Serial Number: 322,808 -2-
Art Unit: 2511

Applicant's election without traverse of Group I (claims 1-

4) in Paper No. 4 is acknowledged.

The disclosure is objected to because of the following

informalities: Claim 1, line 10, "copy" should be replaced by --

copies--. Claim 2, line 4, "store" should be replaced by --

stored--. Claim 4, line 1, "processor" should be replaced by --

processing--. Line 6, --copy-- should be replaced by --copies-.

Appropriate correction is required.

Claims 3-4 are rejected under 35 U.S.C. § 112, second

paragraph, as being indefinite for failing to particularly point

out and distinctly claim the subject matter which applicant

regards as the invention.

In claim 3, "said line voltage" (line 3) lacks positive

antecedent basis.

In claim 4, "a most valid and most recent" is indefinite.

The following is a quotation of the appropriate paragraphs
of 35 U.S.C. § 102 that form the basis for the rejections under
this section made in this Office action:

A person shall be entitled to a patent unless --
(b) the invention was patented or described in a printed
publication in this or a foreign country or in public use or
on sale in this country, more than one year prior to the
date of application for patent in the United States.

Claims 1-4 are rejected under 35 U.S.C. § 102(b) as being

anticipated by NEC Document ("Supercap" User's Manual).

NEC Document shows all the limitations of the claimed RAM

backup system, comprising a RAM (RAM), a capacitor (Supercap), a

ROM (ROM), and processing means (CPU). Refer to figs. 33-37.
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Serial Number: 322,808 -3-
Art Unit: 2511

The prior art made of record and not relied upon is

considered pertinent to applicant's disclosure.

Kimura et al. show back-up power supply apparatus for

protection of stored data.

Any inquiry concerning this communication should be directed

to Do H. Yoo at telephone number (703) 308-4908.

Yoo/tj b \

May 17, 1995

PRIMARY EXAMINER
GROUP 2500
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IUJSbIVAHATE, HOLD TOP AND BOTTOMEDGE, SNAP-APART AND DISCARD CARBON

FORM PTO-892
(REV. 3-78)

NOTICE OF REEECSID

SERIAL NO.RUATNI
ATTACHMENT

TO
PAPER

3 NUMBER
APPLICANT(S)

DOCUMENT NO. AT NAME CU. FLN AEIECLASS CLASS APPROPRIATE

AI1....s-- VKIqM 
Hg g__

I

B

C

D

E

F

G

H

fK

FOREIGN PATENT DOCUMENTS

DOCUMENT NO. DATE COUNTRY NAME CLASS CLASS SHT. PP.

OWG SPEC.

L

N

0

P

a

OTHER REFERENCES (including Author, Title, Date, Pertinent Pages, Etc.)

R

S

U

EXAMINER DATE

A Acopyof this reference is not being furnished with this office action.
(See Manual of Patent Examining Procedure, section 707.05 (a).)

U.S.PATENTDOCUMENTS

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
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U.S. DEPARTMENT OF COMMERCE -Patent ad Tradentk Office

NOTICE OF DRAFTSPERSON'S PATENT DRAWING REVIEW

PTO Draftptersons; review all originally filed drawings regardless of whether they-tae designsated as formal or informl Additionaily,
palent Exattiers wil review the drawings for complitnce with the regulation. Direct telephone inquiries concerning this review to
the Drawing Review Branch, 703-305-8404.

The drawings iled (insett date). Mare
A. t objectedtobythe , wCFR I.4 or 1.[52
B . .objected tobythe Draftsp onsuadr37 CFR1.84or1.152as
in d below. .The Examiner will require submission ofew, correced
dravings when necessary. Corrected draits must ly subsittwd 8.
according to die instructions on the back of this Notice,

I. DRAWINGS. 37 CFR 1.84(a): Acceptable cateories of drawings2
Iackink. Color,

Notblacksolidlines. Fig(s) .
Color drawings are not *cceptable until peititon is grate

2. PHOTOGRAPHS. 37 CFR 1.84(b) 9.
Phoiogrpis ate not acceptable until petition is granted.

3. GRAPHIC FORtMS. 37 CFtl.84 (d)
3 C ntical ormathematical fr slanotlabeledasseparatefr

Figfs)
Group of waveforms not presented as a single figure, using
common vertical axis with time extending alons horizontal axis
Fig(s)
Individuals waveformnot identified with aseparatel Iter
designation adjacent to the vertical axis. Fig(s) _

4. TYPEOFPAPER, 37CFR1,84(e)
Paper not flexible, strong, white, smoo, noshiny,and durab.
Sheet(s) I.
Enseures. alterations, overrithngs, intetlineations, cracks, creaM
and folds not allowed. See(s.)---------

5, SIZEOFPAPER. 37CFR1.84(f): Acceptablepapersize:
21.6 cm. by 35.6 cm. (S 1/2 by 14 inches)
21.6 cm, by 33.1 ct. (8 1/2 by 13 inches) 12
21.6 em, by 27.9 cm. (8 1/2 by I tinches)
21.0enm. by 29.7ens. (DIN sizeAd)
Adaingsheetsnotetamsie. Shee(s L.....
Drawing sheet not an acceptable size. Shee(s) -

6. MARGINS. 37CFR I.84(g): Acceptablemgins:

Pantsire
* 21.6em.7X31.6 c. 21.6 cm 33.1 c. 21 m.K X 27.9 i. 21 . 29.7cm

(/ Xx14 ies)(/2XI3inche) ( /2 XIt inis) (DIN Size A)
T 5.1oem.(2') 2.5 cm.(t() 2.5c.() 2.5cm.
L .64 cm. (1/4") .64 cm. (14") .64 cm(AS) 2.5cm
It .64cam. (1/i") .4 cm. (I) .6 e. (1/4) 15 an.
I .64cm. (1/4") 6icm. (14) .64 can. (1/4) 1.0crm.

Marginsdo conformt ch artt ove
Sheet(s)_______________

To...IpT).Lft(L.) R~igtR), _ louom(B)

7. VIEWS. 37 CFR L84(h)
REMINDER: Specification nay require revision to correspond to

drawing chasges.
- All views not grouped together. Fig(s)
- Views connected by projection lines. Fig(s)---. -

Views contain center lines. Fig(s).
Partial views. 37 CFR 1.84(h)(2)

- Separate sheets not linked edge to ge.
Fig(s).

- View and enlarged view not labeled separately.
Fig(s)

- Long view relationship between different pars not clear nod
unambiguous. 37 CFR 1.84(h)(2)(ii)
Fig(s)

Seetioal views. 37 CFR 1.84(h)(3)
- Hatching not indicated forsectional ponions of an object.

Fig(s).
- Hatching of regularly spaced oblique parallel lines not spaced

sufficiently. Fig(s)
- Hatching not at subastatil angle to surrounding asesor principal

lines. Fig(s)
Cross section not drawn sae asview withparts incross section
with regularly spaced parallel oblique strokes.
Fig(s)
Hatching ofjuxtaposed different elemeuetnal i ed in a different
way. Fig(s)

Aternmateposition. 37CFR ll84(h)(4)

-Aseparie view required fortmovd psition.
Fig(s)

ATTACHMENT TO PA.ER O

idied forms. 37 CFR.8(h)(5)
Modified fomsof otucttiontmusttbesow insparate views
Fig(s)___

ARRANGEMENT OF VIEWS. 37 CIT 1.84n;

View placed upon anoatdview or ithin uithnte ofaniother.

Words do not appear in a horisonal, lefttoaright fshion when
page is either upright ortnsed so tthte top bcones te sIbt
side,cceptfsorgraphs. Fig(s)

SCALE. 37 CFR 1.4(k)
Scale not large enough to shows mecsian wihout crowding
whend mwving is reduced a sie to two-thirs in reproduction.
Fig(s)-
- ianicatsuchas"actualsize'or"scalel2 notperitted.
Fig(a)

- Elleents of sanse view not in proportion to each oier.
Figs) --. --

CMRACTER OF LINES, NUMBERS, & LETTERS. 37 CFR 1.841)
Lines, nunbers &tars notinifoodythick and well defined,
clean, de , and black xcept forcolordawings).
Figbd

SHADING. 37CFRI.&kla)
- Shling used for other than shape of spherical cylindricl, and

cmaical elements of an object, or for flat parts.

- Solid black shsding areas not penained. Fig(s) _

NUMBERS, LETTERS, & REFERENCE CHARACTERS. 37 CFR
1.84(p)

mNsabrandreference haa~crs not plain andlegible. 37CFR
1.94(pXl)Fig(s)
Numbers and reference characters used in conjuction with
Iseelxcktsinverted commas, or oncloaed witiulinaaes.37CFR
1.84p)(1) Fig(s)_ . -
Nursers and refercit chcwters not oriented in same Erecten a
the view.37 CFR 1.84pr)Eig(s.._)
English liphabet not ted. 37 CFR 1.84(p)(2 )

umtnbers, leters,and reference characters do not aenos atlent
.32 im. (1/8 inch) in height. 37CR(p)(3)
. ig(s)

13. LEADLINES. 37CFR L.84(q)
Ltad lines cross each other. Fig(s)
Lead lines missing. Fig(s)f .
Lead lines not as short as possible. Fig(s)

14. NUMBERING OF SHEETS OFDRAWINGS. 37CFR1.84(t)
- Number appears in top margin. Fig(s)
- Number not larger thn referenc chamcters.

Fig(s)
Sheets not numbered consecutively, and in Arabic naurerls,
begining with number . Sheet(s)

15. NUMBEROFVIEWS. 37CFR L84(u)
- Views not nmbared consecutively, and in Ariie nunecrals.

beginuing with numbert . Fig(s) - -
View numbers not Preceded by the abbreviation Fig.
Fig(s)

- Single view contains a view number and the ablareiion Fig.
- Narbersnot larger than referencecharacters

16. CORRECTIONS. 37 CFR 1.84(w)
- Corrections not durable and penomtnnt. Fig(s)

17. DESIGNDRAWING. 37CFRI.152
-Stsface shadingssownnot appropriate. Fig(s)

Solid black shading not used for color contrast.
Figs) .. _ _

REVIEWER DA

i7

Applicarion NoI Ran PTO 949 (Iste. 10-93)
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REMINDER

INFORMATION ON HOW TO EFFECT DRAWING CHANGES

1. Correction of Informalities--37 CFR 1.85

File new drawings with the changes incorporated therein. The application number or the title of the
invention, inventor's name, docket number(ifany),and the nameand telephone numberofaperson
to call if the Office is unable to match the drawings to the proper application, should be placed on the
back of each sheet of drawings inaccordance with 37 CFR 1.84(c). Applicant may delay filing of the
new drawings until receipt of the Notice of Allowability (PTOL-37). Extensionsoftime maybe
obtained under the provisions of37 CFR 1.136. The drawing should be tiled as a separate paper with
a transmittal letter addressed to the Drawing Review Branch.

2. Timing of Corrections

Applicant is required to submit acceptable corrected drawings within (he three-month shortened
statutory period set in the Notice of Allowability (PTOL-37). If a correction is determined to be
unacceptable by the Office, applicant must arrange to have acceptable correction resubmitted within
the original three-month period to avoid the necessity of obtaining an extension oftime and payingthe
extension fee. Therefore, applicant should file corrected drawings as soon as possible.

Failure to take corrective action within set (or extended) period will result in ABANDONMENT of
the Application.

3. Corrections other than Informalities Noted by the Drawing Review Branch on the Form PTO 948

All changes to the drawings, other than informalities noted by the Drawing Review Branch, MUST
be approved by the examiner before the application will be allowed. No changes will be permitted to
be made, other than correction of informalities, unless the examiner has approved the proposed
changes.

Vt' I

Drawing changes may also require changes in the specification, e.g.,
ifFig.IischangedtoFig.IA,Fig.1B,Fig.IC,etc.,thespecification,
at the Brief Description of the Drawings, must likewise be changed.
Please make such changes by 37 CFR 1.312 Amendment at the time
of submitting drawing changes.
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HEWLETT-PACKARD COMPANY
Legal Department, 20B

x 10301
California 94303-0890

s):r ReasoneSri0

Serial No.: 0832

Filing Date:

Title:

PATENT APPUCATION

ATTORNL DOCKET NO. 1094458-1

IN THE
UNITED STATES PATENT AND TRADEMARK OFFICE

er, et al.

808

October 13, 1994

Examiner: Yoo, D.

Group Art Unit: 2511

System And Method For RAM Power And Data Backup
Utilizing A Capacitor And ROM

THE COMMISSIONER OF PATENTS & TRADEMARKS
Washington, D.C. 20231

TRANSMITTAL LETTER FOR RESPONSE/AMENDMENTQ-UR,

Sir:

Transmitted herewith is/are the following in the above-identified application:

Xg Response/Amendment ( ) Petition to

( )
( )

New fee as calculated below

extend time to respond

( ) Supplemental Declaration
Noadditionalfee (Address envelope to "Box Non-Fee Amendments')

X3 Other: New Abstract

(1) ()(3)(4 5()()
FOR CLAIMSREMAINING NUMBER HIGHESTNUMBER PRESENT RATE ADDIONAL

AFTERAMENDMENT EXTRA PREVIOUSLYPAIDFOR EXTRA FEES
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In re applicationof:

Reasoner et al.

Appl. No.: 08/322,808

Filed: October 13, 1994

For: System and Method for RAM
Power and Data Backup Utilizing a
Capacitor and ROM

IN THE UNITED STATES PATENT AND TRD A CE

RESPONSE AND AMENDMENT UNDER 37 CFR §1.111

Assistant Commissioner for Patents
Washington, DC 20231

Sir:

In response to the Office Action dated May 24, 1995 (PTO paper no. 5), Applicants

submit the following Amendments and Remarks.

It is not believed that extensions of time or fees for net addition of claims are required,

beyond those which may otherwise be provided for in documents accompanying this paper.

However, in the event that additional extensions of time are necessary to allow consideration of

this paper, then such extensions of time are hereby petitioned under 37 C.F.R. § 1.136(a), and

any fees required therefor (including fees for net addition of claims) are hereby authorized to

be charged to our Deposit Account, No. 19-0036.

Kindly enter the following amendments:

Art Unit: 2511 *

Examiner: Yoo, D.

Atty Docket: 1094458-1

GROU
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Appl. No. 08/322,808

Amendments

In the Abstract

Please replace the abstract of the invention with the new abstract attached hereto.

In The Specification

Page 2/lne 25, lete requires" and insert therefor --require--; and

line ",insert --only--.

Page 3, I 6, delete" nly";

a "cpitor", insert --alone--;

lIj 8, ter "for", insert --only--; and

20 " , insert--for--.

Pag 4,lines 15-16, delete "a previously stored copy of the" and insert therefor --the

most recent valid copy o

Pag 6, li , af"that", insert --for--.

Pag 10, line 3,d te"is" and insert therefor--are--;and

e efore "which", insert --for--.

Pa 14,line 5, aft nction", insert --of--.

Page , line 9, delete "backup" and insert therefor --backed--.
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In The Claims

Please amend the claims as follows:

Claim1,line2, a "RAM" insert --,--,

line , b"voltage" insert --supply--,

line , ete "first", and

mine 1 , c nge "copy" to --copies--.

Cla 2, line 4, change "store" to --stored--.

1 3. The system of claim 2, further comprising:

2 a power supply circuit, interposed between said RAM and a line power source having

3  a line voltage [and said RAM], configured to convert and maintain said line voltage to said [a

4 specified] supply voltage [associated with said RAM].

Claim ,line 1, change "processor" to --processing--,

line 5, delete "a most valid and" and insert therefor --the--,

aft "recent", insert --valid copy--, and

line 6, ange "copy" to --copies--.
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Remarks

Claims 1-4 are now pending in the application. Claim 1 is independent. By the

foregoing Amendment, claims 1-4 are sought to be amended.

The specification has been amended to correct minor typographical errors.

The foregoing amendments are believed not to introduce new matter and their entry is

respectfully requested. Based on the foregoing amendments and the following remarks,

Applicants respectfully request that the Examiner reconsider all outstanding objections and

rejections and that they be withdrawn.

L Rejections under 35 U.S.C. § 112

The Examiner has rejected claims 3-4 under 35 U.S.C. § 112, second paragraph, as

allegedly being indefinite. In light of the foregoing amendments to claims 3-4, Applicants

respectfully request that the Examiner reconsider the rejection and withdraw it.

I. Rejections under 35 U.S.C. § 102(b)

The Examiner has rejected claims 1-4 under 35 U.S.C. § 102(b) as allegedly being

anticipated by NEC Document ("Supercap" User's Manual). Based on the following remarks,

Applicants respectfully request that the Examiner reconsider the rejection and withdraw it.
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Applicants' claimed invention is directed to a system and method for permanently backing

up RAM memory devices. The invention utilizes a capacitor as a primary backup device for

supplying the necessary backup power for power fluctuations, power interruptions, and other

short-duration power failures. The invention also utilizes a ROM as a secondary backup device

for backing up and restoring valid RAM data when the duration of power loss is greater than

that for which the capacitor can supply backup power. Thus, the integrity of RAM data is

guaranteed for all types of power fluctuations, interruptions, and failures. The ROM includes

two storage areas for separately storing two copies of RAM data. The processor first determines

whether the data stored in the RAM is valid. If the present RAM data is valid, the processor

backs up the present RAM data by replacing the oldest or invalid copy in the ROM with the

present RAM data. If the present RAM data is not valid, the processor restores the RAM data

with the most recent valid data previously stored in the ROM.

The "Supercap" User's Manual is a user's manual for an electric double-layer capacitor.

While the figures cited by the Examiner (Figures 33-37) disclose some typical applications for

the capacitor, it is respectfully submitted that none of the figures anticipate Applicants' claimed

invention.

In a rejection under 35 U.S.C. § 102, each and every claimed element must be present

in the applied reference. However, as will be explained below, the cited reference does not

anticipate the recitations and the language of independent claim 1. Therefore, it is respectfully

requested that the rejection be reconsidered and withdrawn.
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Of the figures cited by the Examiner, the most relevant is Figure 36 - Memory Backup

Circuit Diagram. However, Figure 36 fails to teach the fourth element of independent claim 1,

reproduced in full below.

processing means, coupled to said RAM and said ROM, for
transferring said copy of said data stored in said RAM to said
ROM.

Figure 36 is found in section 5.5.1 of the "Supercap" User's Manual, entitled "Example

Application of Supercap"; no descriptive text accompanies the figure. The figure depicts four

RAM chips and a decoder chip; the power supply inputs of the chips are fed by a 5-volt power

supply in parallel with a "Supercap" capacitor. The decoder receives address bits from a CPU

(not depicted) and decodes the address bits to select one of the four depicted RAM chips or one

of four other ROM or RAM chips (not depicted).

The clear purpose of Figure 36 is to depict a circuit whereby a "Supercap" capacitor is

used to provide temporary backup power to the depicted chips in the event of a temporary outage

of the 5-volt power source. Figure 36 teaches nothing else. Because no means of data transfer,

such as a data bus, are depicted, no data transfer operation, such as that claimed by Applicants,

is taught. Thus the "Supercap" User's Manual fails to teach the fourth element of Applicants'

independent claim 1.

Applicants' claims 2-4 depend directly or indirectly from claim 1. The rejection of claim

1 was traversed above; therefore the rejection of dependent claims 2-4 is similarly traversed.

For at least these reasons, Applicants respectfully request that the Examiner's rejection

of claims 1-4 under 35 U.S.C. § 102(b) be withdrawn.
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Conclusion

All of the stated grounds of objection and rejection have been properly traversed,

accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner

reconsider all presently outstanding objections and rejections, and that they be withdrawn. The

Examiner is invited to telephone the undersigned representative if it is believed that an interview

might be useful for any reason.

Res b ,V

TE , L , GOLDSTEIN & FOX

. Weer
for Applicants

Registration No. 25,688

Date: August 9, 1995

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600
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System and Method For RAM Power And Data
Backup Utilizing A Capacitor And ROM

Abstract

A system and method for permanently backing up RAM memory

5 devices. The present invention utilizes a capacitor as a primary backup device

for supplying the necessary backup power for power fluctuations, power

interruptions, and other short-duration power failures. The present invention

also utilizes a ROM as a secondary backup device for backing up and

restoring valid RAM data when the duration of power loss is greater than that

10 for which the capacitor can supply backup power. Thus, the integrity of

RAM data is guaranteed for all types of power fluctuations, interruptions, and

failures. The ROM includes two storage areas for separately storing two

copies of RAM data. The processor first determines whether the data stored

in the RAM is valid. If the present RAM data is valid, the processor backs

15 up the present RAM data by replacing the oldest or invalid copy in the ROM

with the present RAM data. If the present RAM data is not valid, the

processor restores the RAM data with the most recent valid data previously

stored in the ROM.

0c I
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EXAMINE
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2511
DATEMAILED:

This is a communication frm the examiner In charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

10/25/95

OThis application has been examined Responsive to communication filed on . 4 -r O Tis action is made final.

A shortened statutory period for response to this action is set to expire 1.3 month(s), - days from the date of this letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

PartI THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. ce of References Cited by Examiner, PTO-892. 2. O Notice of Draftsman's Patent Drawing Review, PTO-948.
3. El Notice of Art Cited by Applicant, PTO-1449. 4. 1 Notice of Informal Patent Application,PT0-152.
5. O5information on How to Effet Drawing Changes, PTO-1474. 6.[O0.

PatII SUMMARYOFACTION

1. ams Cam arepnding Intheapplcaion.

Of the above, claims ivi0 are withdrawn from consideration.

2. 0 Claims have been cancelled.

3.0 claims are allowed.

4. laims I"'C are rejected.

5.O 0lcalms areobjected to.

6. I laims t- are subject to restriction or election requirement.

7. [ This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. IllFormal drawings are required In response to this Office action.

9. O Thecorrected or substitute drawings have been receivedon. Under 37 C.F.R.1.84 these drawings
are 0 acceptable; 0 not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948).

10. Theproposed additional or substitute sheet(s) of drawings, filed on - . has(have)been Oapprovedbythe
examiner; 0 disapproved by the examiner (see explanation).

11. O The proposed drawing correction, filed_ has been [approved; disapproved (see explanation).

12. l Acknowledgement is made of the claim for priority under s U.S.C.119. The cerlified copy has a been received 0 not been received
0 been filed in parent application, serial no. _; filed on .

13. Since this application apppears to be in condition for allowance except for formal matters, prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213.

14. ElOther

EXAMINER'S ACTION
PFro-28 (Rev. 293)

08/322, 008
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Serial Number: 322,808 -2-
Art Unit: 2511

Claim 4 is rejected under 35 U.S.C. § 112, second paragraph,

as being indefinite for failing to particularly point out and

distinctly claim the subject matter which applicant regards as

the invention.

In claim 4, "the most recent valid copy" (line 5) lacks

positive antecedent basis.

The following is a quotation of the appropriate paragraphs
of 35 U.S.C. § 102 that form the basis for the rejections under
this section made in this Office action:

A person shall be entitled to a patent unless --
(b) the invention was patented or described in a printed
publication in this or a foreign country or in public use or
on sale in this country, more than one year prior to the
date of application for patent in the United States.

Claims 1-4 are rejected under 35 U.S.C. 9 102(b) as being

anticipated by Sasayama et al.

Sasayama et al. show all the limitations of the claimed RAM

backup system in Figs. 1-11, comprising a RAM 112, a capacitor

134, a ROM 120, and processing means 108 and 114. Further, refer

to columns 5-6.

The prior art made of record and not relied upon is

considered pertinent to applicant's disclosure.

Ueda et al., Fujioka, Totani, and Muguruma et al. show a RAM

back up system.

Any inquiry concerning this communication should be directed

to Do H. Yoo at telephone number (703) 308-4908.

Yoo/tj o9q(

Oct. 23, 1995

PRIMARY EXAMINER
GROUP 2500
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IPR2023-00783, Pg. 128



TO SEPARATE. HOLD TOP AND BOTTOM EDGES. SNAP-APART AND DISCARD CARBON

FORM PTO-892 U.S. DEPARTMENT OF COMMERCE SERIAL NO. ROUPART UNIT ATTACHMENT
(REV.2-92) PATENT AND TRADEMARK OFFICE To

or-3A NUMBER 7
NOTICE OF REFERENCES CITED APPLICANT(S)

U.S. PATENT DOCUMENTS

DOCUMENT NO. DATE NAME CLASS CLASS APPROPRIATE

A .3 rE 9 a. 26.- )l.-P

C -. o 9 3 -- h F _1_1_ _

D 1 F±4 ?(16-ga 3 ~ .- AA- 39Ar _____X

IXIl~nlIqM M IH~~4 - x

F

H

K

FOREIGN PATENT DOCUMENTS

SUB- PERTINENT
* DOCUMENT NO. DATE COUNTRY NAME CAS CLASS SHTS. PP.

DWG' SPEC-

L

M

N

0

Q

OTEREFERENCES (incuding Author, Title, Date, Pertinent Pages, Etc.)

S

T

U

EXAMINER DATE
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Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 129



Legat Department,20BO
P. 0. Box10301
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Inventor(s): Reasone

HEWLETT-PACKARD COMPANY

)SOO
4. ** ATTORNEYD

IN THE
UNITED STATES NT AND TRADEMARK OFFICE

r et al.

Serial No.: 08/322,808

Filing Date: October 13, 1994

Examiner: Yoo, D.

Group Art Unit: 2511

Title: System and Method For RAM Power and Data Backup Utilizg
A Capacitor and ROM

THE COMMISSIONER OF PATENTS & TRADEMARKS
Washington, D.C. 20231

'1N 2 5 6

TRANSMITTAL LETTER FOR RESPONSE/AMENDMENT

Sir:

Transmitted herewith is/are the following in the above-identified application:
g y Response/Amendment

New fee as calculated below
Petition to extend time to respond
Supplemental Declaration

Noadditionalfee (Address envelope to "Box Non-Fee Amendments")
Other:

CLAIMS AS AMENDED BY OTHER THAN ASMALL ENTITY

(1) (3) (4) (5) (6) (7)
FOR CLAIMSREMAINING NUMBER HIGHESTNUMBER PRESENT RATE ADDIONAL

AFTER AMENDMENT EXTRA PREVIOUSLYPAIDFOR EXTRA FEES

TOTAL
CLAIMS 4 MINUS 20 = 0 X $22 $ 0

INES 1 MINUS 3 = 0 X $76 $ 0
CLAIMS1 11

[IFIRST PRESENTATION OF AMULIPLE DEPENDENT CLAIM + $240 $ 0

EXTENSION 1STMOT 2NDMOH 3RDMONThH 4THMONTH $ 0
FEE $110.00 l $3700 800 $1360.00

TOTAL ADDITIONAL FEE $C0
!2 ~FOR THISAMENDMENTII

Charge $ 0.00 to Deposit Account 08-2025. Atany time during the pendency of this application,
please charge anytfees required or credit any overpayment to Deposit Account 08-2025 pursuant to37 CR
1.25. Additionally please charge any fees to Deposit Account 08-2025 under 37OCFA1.19, 1.20 and 1.21. A
duplicate copy of this sheet is enclosed.

I hereby certify that this correspondence is being
deposited with the United States Postal Service as first
class mail in an envelope addressed to:
Commissioner of Patents and Trademarks,
Washington, D.C. 20231.

DateofDeost: Jan. 11, 1996

TypedName: Laura A. Schutze

Signature:, 7 < -

Respectfully submitted,
Kelly J. Reasoner, et al.

By 4 .(~c>z
Augustus W. Winfield

AttorneyXAgen tfor Applicant(s)

Reg. No. 34, 046

Date: Jan. 11, 1996

Telephone No.: (303) 229-3800

- Attach as First Page to Transmitted Papers -
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( )
( )

DOCKETNO.1094458-1

RKOFFIC

PATENT APPLICATION
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UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of

Reasoner et al. ArttUnit: 2511

Appl. No.: 08/322,808 Examiner: Yoo, D.

Filed: October 13, 1994 AttyDocket: 1094458-1

For: System and Method for RAM Power
and Data Backup Utilizing a
Capacitor and ROM

697
1 4~Y~ V

dANd¾

I',

Response and Amendment under 37 C.F.R. § 1.111

Assistant Commissioner for Patents
Washington, DC 20231

Sir:

In response to the Office Action dated October 25, 1995 (PTO paper no. 7), Applicants

submit the following Amendments and Remarks.

It is not believed that extensions of time or fees for net addition of claims are required, beyond

those which may otherwise be provided for in documents accompanying this paper. However, in the

event that additional extensions of time are necessary to allow consideration of this paper, then such

extensions of time are hereby petitioned under 37 C.F.R. § 1.136(a), and any fees required therefor

(including fees for net addition of claims) are hereby authorized to be charged to our Deposit

Account, No. 19-0036.

Kindly enter the following amendments:

6
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Amendments

In The Claims

Please amend the claims as follows:

Claim line1,ch ge "is configured to store" to --stores--, and

line 4 change "is configured to enable" to --enables--.

1 4. (Twice Amended) The system of claim 3, wherein said processing means comprises:

2 a backup processing means for copying said first copy and said second copy of said data in

3 said RAM to said ROM; and

4 a restore processing means for copying [restoring the most recent valid copy of] said first

5 copyand said second copy [copies] of said data stored in said ROM to said RAM.
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Remarks

Claims 1-4 are now pending in the application. Claim 1 is independent. By the foregoing

Amendment, claims 2 and 4 are sought to be amended.

The foregoing amendments are believed not to introduce new matter and their entry is

respectfully requested. Based on the foregoing amendments and the following remarks, Applicants

respectfully request that the Examiner reconsider all outstanding objections and rejections and that

they be withdrawn.

L Rejections under 35 U.S.C § 112

The Examiner has rejected claim 4 under 35 U.S.C. §112, second paragraph, as allegedly

being indefinite. In light of the foregoing amendment to claim 4, Applicants respectfully request that

the Examiner reconsider the rejection and withdraw it.

II. Rejections under 35 U.S.C § 102(b)

The Examiner has rejected claims 1-4 under 35 U.S.C. § 102(b) as allegedly being anticipated

by U.S. Patent No. 4,348,729 (Sasayama et al.). Based on the following remarks, Applicants

respectfully request that the Examiner reconsider the rejection and withdraw it.
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Applicants'claimed invention is directed to a system and method for permanently backing up

RAM memory devices. The invention utilizes a capacitor as a primary backup device for supplying

the necessary backup power for power fluctuations, power interruptions, and other short-duration

powerfailures. The invention also utilizes a ROM as a secondary backup device for backing up and

restoring valid RAM data when the duration of power loss is greater than that for which the capacitor

can supply backup power. Thus, the integrity of RAM data is guaranteed for all types of power

fluctuations, interruptions, and failures. The ROM includes two storage areas for separately storing

two copies ofRAM data. The processor first determines whether the data stored in the RAM is

valid. If the present RAM data is valid, the processor backs up the present RAM data by replacing

the oldest or invalid copy in the ROM with the present RAM data. If the present RAM data is not

valid, the processor restores the RAM data with the most recent valid data previously stored in the

ROM.

Sasayama et al. discloses a method and system for engine control wherein a control factor is

calculated and stored in RAM. The control factor stored in RAM is transferred to a non-volatile

memory under predetermined conditions. The correction factor stored in non-volatile memory is

transferred back to RAM upon restoration of normal supply voltage at the RAM.

In a rejection under 35 U.S.C. §102, each and every claimed element must be present in the

applied reference. However, as will be explained below, the cited reference does not contain all of

the elements recited in the claims presented here. Therefore, it is respectfully requested that the

rejection be reconsidered and withdrawn.
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Referring first to rejected claim 1, Sasayama et al. does not disclose the third element of that

claim, to wit:

"a read only memory (ROM) configured to store multiple copies of said data
stored in said RAM"

Claim 1, lines 7-8.

In a preferred embodiment of Applicants'claimed invention, a ROM is configured to store two

copies (also known as "flash copies") of the RAM data.

"One copy is the latest copy of RAM data as of the time that the system receives line
power from line source power supply 120. The other copy is an older version of
RAM data which is held for the unlikely event of a power interruption during the
copying of data into ROM 114. Under such conditions, the more recent backup copy
which was in the process of being copied to ROM 114 may have become corrupted
or may be incomplete. The flash copy which is the older version ofRAM data may
then be used as a backup copy."

Applicants' specification, page 10, line 23 through page 11, line 2.

Thus the use of multiple flash copies is more than a mere repetition of parts; it results in a

significant advantage: the ability to recover from power interruptions that occur during the backup

process.

Sasayama et al. does not teach or suggest the use of multiple backup copies. Therefore, it

cannot be employed to recover from power interruptions that occur during the backup process.

Because Sasayama et al. does not teach or suggest this element of Applicants' independent claim 1,

a rejection under 35 U.S.C. § 102 is improper.

For at least these reasons, Applicants respectfully request that the Examiner's rejection of

claim 1 under 35 U.S.C. §102(b) be withdrawn.
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Turning to rejected claim 2, Sasayama et al. fails to disclose the feature of claim 2, that

"said ROM enables said first copy of said data to be stored and erased separately from said second

copy of said data."

Applicants'claimed invention maintains two backup copies of the RAM data, which may be

stored separately and erased separately. Because Sasayama et al. does not teach or suggest this

feature, a rejection under 35 U.S.C. §102 is improper.

For at least these reasons, Applicants respectfully request that the Examiner's rejection of

claim 2 under 35 U.S.C. 102(b) be withdrawn.

Applicants'claims 3-4 depend directly or indirectly from claim 1. The rejection of claim 1 was

traversed above; therefore the rejection of dependent claims 3-4 is similarly traversed.

For at least these reasons, Applicants respectfully request that the Examiner's rejection of

claims 1-4 under 35 U.S.C. §102(b) be withdrawn.
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Conclusion

All of the stated grounds of objection and rejection have been properly traversed,

accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner

reconsider all presently outstanding objections and rejections, and that they be withdrawn. The

Examiner is invited to telephone the undersigned representative if it is believed that an interview

might be useful for any reason.

Respectfull ubmitted,

SS R, L TIN Fox, P.L.L.C.

rd JI essle
A y foreAppli nts
RegistrationNo. 25,688

Date: January 10, 1996

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington. D.C. 20231

FIRST AMAWD INVENTOR _ ATTORNEY DOCKET NO.

EXA MER

AT N JPAPERNUMBER

1DA ALED:

This is a communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

OThis application has been examined D' ponsive to communication filed on 1-1s 7m action Is made final.

A shortened statutory period for response to this action is set to expire month(s), days from the date of this letter.
Failure to respond within the period for response will cause the application to become abandoned. 35 U.S.C. 133

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. El Notice of References Cited by ExaminerPro-892. 2. Notice of Draismans Patent Drawing Review, PTO-948.
3. El Notice of Art Cited by Applicant, PTO-1449. 4. l Notice of InformalPatentApplication, PTO-152.
5. [Information on How to Effect Drawing Changes, PTO-1474. 6. El

PartII S MMARYOFACTION

1. V Caims 1 3 are pendingIntheappication.

Of the above, claims -are withdrawn from consideration.

2. OClaims havebeencanceled.

3. Claims areallowed.

4. d aims ) arerejected.

S. lClaims areobjectedto.

6. aims aresubjecttorestrictionoreectionreurement.

7. l This application has been filed with nformal drawings under 37 C.F.R.swicareceptableorexaminationpurposes.

8. O Formaldrawings are required In response to this Office action,

9. The corrected or substitute drawings have been received on. Under 37 C.F.R. 1.84 these drawings
are O acceptable; 0 not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948).

10. ElThe proposed additional or substitute sheet(s) of drawings, filed on. has (have) been 0 approved by the
examiner; 0 disapproved by the examiner (see explanation).

11. The proposed drawing correction, filed_, has been 0approved; 0 disapproved (see explanation).

12. O Acknowledgement is made of the claim for priority under s U.S.C.li. The certifed copy has Obeenreceived 0 not been received
O been filed In parent application, serial no, _; filed on

13. 5 Since this application apppears to be In condition for allowance except for formal matters,prosecution as to the merits is closed in
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 O.G. 213.

14.E0Other

EXAMINER'S ACTION
PTOL-328 (Rev. 2/93)

Fri T
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Serial Number: 322,808 -2-
Art Unit: 2511

The following is a quotation of the appropriate paragraphs
of 35 U.S.C. § 102 that form the basis for the rejections under
this section made in this Office action:

A person shall be entitled to a patent unless --
(b) the invention was patented or described in a printed
publication in this or a foreign country or in public use or
on sale in this country, more than one year prior to the
date of application for patent in the United States.

Claims 1-4 are rejected under 35 U.S.C. § 102(b) as being

anticipated by Sasayama et al.

Sasayama et al. show all the limitations of the claimed RAM

back up system in Figs. 1-11, comprising a RAM 112, a capacitor

134, a ROM 120, and processing-means 108 and 114. Further, refer

to columns 5-6.

Applicant's arguments filed 1-16-96 have been fully

considered but they are not deemed to be persuasive.

Applicant's argue that Sasayama et al. does not show a ROM

configured to store multiple copies of the data stored in said

RAM, as recited in claim 1. In response to this argument,

Sasayama et al. clearly shows a ROM 120 configured to store

multiple copies of the data stored in the RAM 112. It is

respectively requested to note that the term "multiple copies of

said data" is not defined in claim 1 so that it might be broadly

interpreted (for example, multiple data, words, and so on).

In addition, note that Sasayama et al. teaches multiple data

transferring from RAM 112 to ROM 120 (columns 5-6).

THIS ACTION IS MADE FINAL. Applicant is reminded of the

extension of time policy as set forth in 37 C.F.R. § 1.136(a).

Petitioner Intel Corp., Ex. 1015 
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Serial Number: 322,808
Art Unit: 2511

-3-

A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL
ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS
ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO MONTHS
OF THE MAILING DATE OF THIS FINAL ACTION AND THE ADVISORY ACTION
IS NOT MAILED UNTIL AFTER THE END OF THE THREE-MONTH SHORTENED
STATUTORY PERIOD, THEN THE SHORTENED STATUTORY PERIOD WILL EXPIRE
ON THE DATE THE ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE
PURSUANT TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE
MAILING DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX MONTHS FROM
THE DATE OF THIS FINAL ACTION.

Any inquiry concerning this communication should be directed

to Do H. Yoo at telephone number (703) 308-4908.

Yoo/tj vW(

April 3, 1996

PRIMARY EXAMINER
GROUP2500

Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 140



-74 no

VSERIALNUMBER FILING DATE I FIRST NAMED APPLICANT I ATTORNEY DOCKETT NO. I

EXAMINER

ART UNIT PAPER NUMBER

DATE MAILED:

EXAMINER INTERVIEW SUMMARY RECORD

All participants (applicant, applicants representative, PTO personnel):

VYU. GJWarA IJ-~kes~t~Ci0&tA W

Date of Interview

Type: 0 Telephonic Personal (copy is givento Oa p licant eapplicant's representative).

Exhibit shown or demonstration conducted: 0 Yes o. If yes, brief description:

Agreement O was reached with respect to some or all of the claims in question. O was not reached.

Claim/discussed: I

Identification of prior art discussed:____________ _.u IJ -9< P Wv 0tL P" 1r&.'

Description of the general nature of what was agreed to If an agreement was reached, or any other comments:

Ir-.A - A--p &J sC CAf J -i-A.4 I/ "s'kcr'-Ik Cy~e 2P & lc

' -- rI rt- e~s~CIAa d-4 -' s'~ Xr a t -tS bgJ

1t-e ~a~t~ bt#y 1 ,e-5j Rl J ,9-0ar'. , .

Y'ecflN)t~ J&~. )tt,~p~.rCO ~/c-r ezr*tPJre+

(A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
attache Also, where no copy of the amendments which would renderthe claims allowable is available, a summary thereof must be attached.)

It is not necessary for applicant to provide a separate record of the substance of the Interview.

Unless the paragraph below has been checked to indicate to the contrary, A FORMAL WRITTEN RESPONSE TO THE LAST OFFICE ACTION IS NOT
WAIVED AND MUST INCLUDE THE SUBSTANCE OF THE INTERVIEW (e.g., items 1-7 on the reverse side of this form). If a response to the last Office
action has already been filed, then applicant Is given one month from this interview date to provide a statement of the substance of the interview.

O 2. Since the examiner's Interview summary above (including any attachments) reflects a complete response to each of the objections, rejections and
requirements that may be present in the last Office action, and since the claims are now allowable, this completed form is considered to fulfill the
response requirements of the last Office action. Applicant is not relieved from providing a separate record of the substance of the interview unless
box 1 above is also checked.

PTOL-413 (REV. 2 -93) Examiner's Signature I

ORIGINAL FOR INSERTION IN RIGHTHAND FLAP OF FILE WRAPPER

UNITED STAT1s' DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

(1) Y' ( e .- L 97

Petitioner Intel Corp., Ex. 1015 
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IIEWLETT-PACKARD COMPANY,
Lega Departmcnt, 20BO

td 10301
PaloAl alifornia 94303-0890

,UNIT

en rs

PATENT APPLICATION

A JRNEYDOCKETNO. 1094458-1

IN THE
ED STATES PATENT AND TRADEMARK OFFICE

Reasoneret al.

Serial No.: 08/322,808

Filing Date:

Title:

Examiner: Yoo, D.

October 13, 1994
'I'-

Group Art Unit:

System And Method For RAM Power And
Data Backup Ltilizing A Capacitor And ROM Z0'-C 1 (~

ASSISTANT COMMISSIONER FOR PATENTS
Washington, D.C. 20231

ATTN: BOX AF

TRANSMITTAL LETTER FOR RESPONSE/AMENDMENT IzfO
Sir:

Transmitted herewith is/are the following in the above-identified application:

(y) Response/Amendment

( ) New fee as calculated below

(X.)

Petition to extend time to respond

Supplemental Declaration

No additional fee

( ) Other:

CLAIMSASAMENDED BY OTHER THAN ASMALENTITY

(1) (2) (3) (4) (5) (6) (7)
FOR CLAIMSREMAINING NUMBER HIGHESTNUMBER PRESENT RATE ADDITIONAL

AFTER AMENDMENT EXTRA PREVIOUSLYPAIDFOR EXTRA FEES

TOTAL
CLAIMS MINUS 20 = 0 X $22 $ 0.00

INDEP. MINUS 3 = 0 x $78 $ 0.00
CLAIMSII

I FIRST PRESENTATION OF AMULTIPLE DEPENDENT CLAIM + $ 0.00

EXTENSION ISTMONT 2ND MONTH 3RDMONTH 4THMONTH $ 0.00FEE

TOTAL ADDITIONAL FEE $00
FORTHISAMENDMENT .00

Charge $ n-a to Deposit Account 08-2025. At any time during the pendency of this application,
please charge any fees required or credit any overpayment to Deposit Account 08-2025 pursuant to 37 CFR
1.25. Additionally please charge any fees to Deposit Account 08-2025 under 37 CFR 1.19, 1.20 and 1.21. A
duplicate copy of this sheet is enclosed.

Respectfully submitted,

I hereby certify that this correspondence is being
deposited with the United States Postal Service as first
class mail in an envelope addressed to: Assistant
Commissioner of Patents, Washington, D.C. 20231.

DateofDeposit: June 3, 1996

Typed Name: Laura A. Schutze

Signature: Z$ L-&

By A
Augustus W. Wifield

Attorney/Agent for Applicant(s)
Reg. No. 34,046

Date: June 3, 1996

TelephoneNo.: (970) 229-3800

- Attach as rst Pan nTransmitted Paners -

64W

Rev 10/95 (Form I1.04)

Petitioner Intel Corp., Ex. 1015 
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IN THE UNITED

In re application of:

Reasoner eta. 

Appl. No.: 08/322,808

Filed: October 13, 1994

For: System and Method for RAM Power
and Data Backup Utilizing a -
Capacitor and ROM

'I

STA T AND TRADEMARK OFFICE

Unit: 2511
mc>'JUN15I

xaminer: Yoo, D.

AttyDocket: 1094458-1

Response and Amendment under 37 C.F.R. § 1.116

Assistant Commissioner for Patents
Washington, DC 20231

Sir:

In response to the Office Action dated April 8, 1996 (PTO paper no. 9), Applicants

submit the following Amendments and Remarks.

It is not believed that extensions of time or fees for net addition of claims are required,

beyond those which may otherwise be provided for in documents accompanying this paper.

However, in the event that additional extensions of time are necessary to allow consideration of

this paper, then such extensions of time are hereby petitioned under 37 C.F.R. § 1.136(a), and

any fees required therefor (including fees for net addition of claims) are hereby authorized to be

charged to the Hewlett-Packard Deposit Account, No. 08-2025.

Kindly enter the following amendments:

cc

Petitioner Intel Corp., Ex. 1015 
IPR2023-00783, Pg. 143



-2-
Reasoner et al

Appl. No. 08/322,808

Amendments

In The Claims

Please amend claim 1 as follows:

1. A random access memory (RAM) backup system, comprising:

a RAM, configured to store binary data, including a supply voltage input adapted to

receive a supply voltage thereon;

a capacitor, electrically coupled to said voltage input of said RAM, configured to provide

said RAM with a voltage for a period of time, said voltage sufficient for said RAM to maintain

said storage of said data;

a read only memory (ROM) having separate locations for concurrently storing

[configured to store] multiple copies of said data stored in said RAM; and

processing means, coupled to said RAM and said ROM, for transferring said copies of

said data between [stored in] said RAM and [to]said ROM.

Remarks

Claims 1-4 are now pending in the application. Claim 1 is independent. By the foregoing

Amendment, claim 1 is sought to be amended.

10

Petitioner Intel Corp., Ex. 1015 
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Reasoner et al.
- 3- Appl. No. 08/322,808

The foregoing amendments are believed not to introduce new matter or raise new issues

requiring further search or consideration. Their entry is therefore respectfully requested. Based

on the foregoing amendments and the following remarks, Applicants respectfully request that the

Examiner reconsider all outstanding objections and rejections and that they be withdrawn.

The Examiner has rejected claims 1-4 under 35 U.S.C. § 102(b) as allegedly being

anticipated by U.S. Patent No. 4,348,729 (Sasayama et al.). Based on the following remarks,

Applicants respectfully request that the Examiner reconsider the rejection and withdraw it.

Examiner Interview

The Applicants' representatives acknowledge and express their appreciation for the

interview that Examiner Yoo accorded them on May 23, 1995 (see Examiner Interview

Summary Record, PTO Paper No. 10). During the interview the Applicants' representatives

discussed the differences between Applicants' claimed invention and the Sasayama et al.

reference and presented proposed amendments. The Examiner indicated that Applicants'

invention is conceptually different from the disclosure of Sasayama et al.

Rejection under 35 U.S.C. § 102(b)

Applicants'claimed invention is directed to a system and method for permanently backing

up RAM memory devices. The invention utilizes a capacitor as a primary backup device for

supplying the necessary backup power for power fluctuations, power interruptions, and other

short-duration power failures. The invention also utilizes a ROM as a secondary backup device

for backing up and restoring valid RAM data when the duration of power loss is greater than that

for which the capacitor can supply backup power. Thus, the integrity of RAM data is guaranteed

Petitioner Intel Corp., Ex. 1015 
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Reasoner et al.
- 4- Appl. No. 08/322,808

for all types of power fluctuations, interruptions, and failures. The ROM includes at least two

storage areas for separately and concurrently storing at least two copies of RAM data. The

processor first determines whether the data stored in the RAM is valid. If the present RAM data

is valid, the processor backs up the present RAM data by replacing the oldest or invalid copy in

the ROM with the present RAM data. If the present RAM data is not valid, the processor

restores the RAM data with the most recent valid data previously stored in the ROM.

Sasayama et aL discloses a method and system for engine control wherein a control factor

is calculated and stored in RAM. The control factor stored in RAM is transferred to a non-

volatile memory under predetermined conditions. The correction factor stored in non-volatile

memory is transferred back to RAM upon restoration of normal supply voltage at the RAM.

In a rejection under 35 U.S.C. § 102, each and every claimed element must be present in

the applied reference. However, as will be explained below, the cited reference does not contain

all of the elements recited in the claims presented here. Therefore, it is respectfully requested

that the rejection be reconsidered and withdrawn.

Referring first to amended claim 1, Sasayama et al. does not disclose the third element

of that claim, to wit:

"a read only memory (ROM) having separate locations for concurrently
storing multiple copies of said data stored in said RAM"

Claim 1, lines 7-8.

In a preferred embodiment of Applicants' claimed invention, a ROM is configured to

concurrently store two copies of the RAM data at separate locations.

"As introduced above, ROM 114 is comprised of two ROM devices 104 and 106.
Each of these are configured to store a copy of RAM data, referred to as a'flash
copy.' Thus, in the preferred embodiment, two copies of RAM data are
maintained in ROM 114."

Petitioner Intel Corp., Ex. 1015 
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Reasoner et a.
- 5- Appl. No. 08/322,808

Applicants' specification, page 10, lines 17-18.

As explained during the Examiner interview, Sasayama et al stores only one copy of

RAM data in ROM at one location. Thus, when a copy of the RAM data is stored in ROM, it

overwrites the previously stored copy.

Further, the maintenance of multiple copies of RAM data in ROM is more than a mere

repetition of parts; it results in a significant advantage: the ability to recover from power

interruptions that occur during the backup process.

"One copy is the latest copy of RAM data as of the time that the system receives
line power from line source power supply 120. The other copy is an older version
of RAM data which is held for the unlikely event of a power interruption during
the copying of data into ROM 114. Under such conditions, the more recent
backup copy which was in the process of being copied to ROM 114 may have
become corrupted or may be incomplete. The flash copy which is the older
version of RAM data may then be used as a backup copy."

Applicants' specification, page 10, line 23 through page 11, line 2.

Sasayama et al does not teach or suggest the use of multiple concurrent backup copies.

Therefore, it cannot be employed to recover from power interruptions that occur during the

backup process. Because Sasayama et al does not teach or suggest this element of Applicants'

independent claim 1, a rejection under 35 U.S.C. § 102 is improper.

During the Examiner interview, the Examiner referred to columns 5 and 6 of Sasayama

et al. as teaching "multiple transfers of data." Applicants have therefore again reviewed those

columns, and can find no such teachings. However, even if Sasayama et al contains such

teachings, Applicants respectfully submit that the concept of "multiple transfers of data" differs

significantly from the concept of concurrently storing multiple copies of data of the claimed

invention.

Petitioner Intel Corp., Ex. 1015 
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For at least these reasons, Applicants respectfully request that the Examiner's rejection

of claim 1 under 35 U.S.C. §102(b) be withdrawn.

Turning to rejected claim 2, Sasayama et al. fails to disclose the feature of claim 2, that

"said ROM enables said first copy of said data to be stored and erased separately from said

second copy of said data."

Applicants' claimed invention maintains two backup copies of the RAM data, which may

be stored separately and erased separately. Because Sasayama et al. does not teach or suggest

this feature, a rejection under 35 U.S.C. §102 is improper.

For at least these reasons, Applicants respectfully request that the Examiner's rejection

of claim 2 under 35 U.S.C. §102(b) be withdrawn.

Applicants' claims 3-4 depend indirectly from claim 1. The rejection of claim 1 was

traversed above; therefore the rejection of dependent claims 3-4 is similarly traversed.

For at least these reasons, Applicants respectfully request that the Examiner's rejection

of claims 1-4 under 35 U.S.C. § 102(b) be withdrawn.

Petitioner Intel Corp., Ex. 1015 
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Conclusion

All of the stated grounds of objection and rejection have been properly traversed,

accommodated, or rendered moot. Applicants therefore respectfully request that the Examiner

reconsider all presently outstanding objections and rejections, and that they be withdrawn. The

Examiner is invited to telephone the undersigned representative if it is believed that an interview

might be useful for any reason.

Respectfully submitted,

R , LDST IN& Fox, P.L.L.C.

ward JI s
forA plicants

Registration No. 25,688

Date: May 23, 1996

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

SEIALN'UMBER I PlN.FG DATE FIRSTNAMi)ED APPLICANT ATTORTEY DOCKET NO.

00/322,808 10/13/94 REASONER K 10944581
EXAMINER

YOOD
25M1/0621

RECORDS MANAGER 2
LEGAL DEPARTMENT 20B0 iT7 PPRNME

HEWLETT-PACKARD COMPANY I'-
P 0 BOX 10301 2511
PALO ALTO CA 94303-0890

DATEMAILED: 06/21/96

NOTICE OF ALLOWABILITY

PART L
1. his communication is responsive to 4& ipt4 l etdC p 6 -! f--
2. 1 the claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application, If not included

herewith (or previously mailed), a Notice Of Allowance And Issue Fee Due or other appropriate communication will be sent in due
c urs.

3. asThe allowed claims are
4. 0 The drawings filed on are acceptable,
5. O Acknowledgment is made of the claim for priority under 35 U.S.C. 119. The certified copy has [been received. [.- not been

r ceived. [-] been filed in parent application Se al No. ,filed on
6.lNote the atteehed"Examiner's Amendment.

J`7. E Note the attached Examiner Interview Summary Record, PTOL-413.
8. O Note the attached Examiner's Statement of Reasons for Allowance.
9. E Note the attached NOTICE OF REFERENCES CITED, PTO-892.

10. E Note the attached INFORMATION DISCLOSURE CITATION, PTO-1449.

PART II.
A SHORTENED STATUTORY PERIOD FOR RESPONSE to comply with the requirements noted below is set to EXPIRE THREE MONTHS
FROM THE "DATE MAILED" indicated on this form. Failure to timely comply will result in the ABANDONMENT of this application.
Extensions of time may be obtained under the provisions of 37 CFR 1.136(a),

1. El Note the attached EXAMINER'S AMENDMENT or NOTICE OF INFORMAL APPLICATION, PTO-152, which discloses that the oath
declaration is deficient. A SUBSTITUTE OATH OR DECLARATION IS REQUIRED.

2. [APPLICANT MUST MAKE THE DRAWING CHANGES INDICATED BELOW IN THE MANNER SET FORTH ON THE REVERSE SIDE
OF HIS PAPER.

a. Drawin formalities are indicated on the NOTICE RE PATENT DRAWINGS. PTO-948, attached hereto or to Paper No.
= . CORRECTION IS REQUIRED.

b. El The proposed drawing correction filed on . has been approved by the examiner. CORRECTION IS
REQUIRED.

c. El Approved drawing corrections are described by the examiner in ttched EXAMINER'S AMENDMENT. CORRECTION IS
RQUIRED.

d. L'Formal drawings are now REQUIRED.

------------------------------------------------------------------------------------------

Any response to this letter should include in the upper right hand corner, the following information from the NOTICE OF ALLOWANCE
AND ISSUE FEE DUE: ISSUE BATCH NUMBER, DATE OF THE NOTICE OF ALLOWANCE, AND SERIAL NUMBER.

7Att hmns
Esaminer'a Amement e a') - Notice Of Informal Application. PTO-152

- Examiner Interview Summary Record. PTOL- 413 - Notice re Patent Drawings. PTO-940
Reasons for Allowance - Listing of Bonded Draftsmen
Notice of References Cited. PTO-892 - Other
information Disclosure Citation. PTO-1449

PTOL-37 (REV.4-89) PRIMARY EXAMINER
GROUP2500
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IPR2023-00783, Pg. 150



UNITED STATES LEPARTMENT OF COMMERCE
1v Patent and Trademark Office

Address: Box ISSUE FEE
COMMISSIONER OF PATENTS AND TRADEMARKS

o'lAvSO0 Washington, D.C. 20231

NOTICE OF ALLOWANCE
1 2: AND ISSUE FEE DUE

ElNote at'c'ijn1n0 0'miciiIdnb rnIhd EeMilierj'

El This notice is issued in view of applican s communication filed

SERIES CODE/SERIALNO. FLINGDATE ,/'TOTALCLAIMS EXAMINER AND GROUP ART UNIT DATE MAILED

First Naitiddb > i' <j
4

Applicant

TITLE OF
INVENTION

ATTY'SDL'CK&rNO..' 1CSCLASLAS BTHOE APPLN.TYPE [-MALENTITY FEE DUE DATE DUE

THE APPLICATION IDENTIFIES ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE ASA PATENT.
PROSECUTION ON THE MERITS IS CLOSED.

THE ISSUE FEE MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING DATE OF THIS NOTICE OR THIS
APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD CANNOT BE EXTENDED.

HOW TO RESPOND TO THIS NOTICE:
1. Review the SMALL ENTITY Status shown above. If the SMALL ENTITY is shown as NO:

If the SMALL ENTITY is shown as YES, verify your A. Pay FEE DUE shown above, or
current SMALL ENTITY status: B. File verified statement of Small Entity Status before, or with,

pay of 1/2 the FEE DUE shown above.
A. If the status is changed, pay twice the amount of the

FEE DUE shown above and notify the patent and
Trademark Office of the change in status, or

B.If the Status is the same, pay the FEE DUE shown
above.

i. Part B of this notice should be completed and returned to the Patent and Trademark Office (PTO) with your ISSUE FEE.
Even if the ISSUE FEE has already been paid by charge to deposit account, Part B should be completed and returned.
If you are charging the ISSUE FEE to your deposit account, Part C of this notice should also be completed and returned.

II. All communications regarding this application must give series code (or filing date), serial number and batch number.
Please direct all communication prior to issuance to Box ISSUE FEE unless advised to contrary.

MPORTANT REMINDER: Patents issuing on'applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance
fees when due,

PATENT AND TRADEMARK OFFICE COPY
TOL-85B (REV 4-94) (0551-0033)
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IN THE
UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT: Kelly J. Reasoner, et al.

SERIAL NO: 08/322,808

RECEIVED
Publishing Division

SEP 2 0 1996

FILED: 10/12/94 ART UNIT: 2511

FOR: SYSTEM AND METHOD FOR RAM POWER AND DATA BACKUP UTILIZING A
CAPACITOR AND ROM

DRAWING TRANSMITTAL LETTER
THE COMMISSIONER OF PATENTS

AND TRADEMARKS
WASHINGTON, D.C. 20231

SIR:

In response to the Notice of Allowance mailed on June 21, 1996, enclosed herewith are four (4)
pages of formal drawings showing figures 1,2,3,4.

Respectfully submitted,
Kelly J. Reasoner, et al.

by A
Augustus W. Winfeld
Reg. No: 34,046

AWW:las
September 16, 1996
Fort Collins, CO
(970) 229-3142

(i:\dept\pto.draw)(11/18/94)

01EXAMINER: D. Yoo

I hereby certify that this correspondence is
being deposited with the United States Postal
Service as first class mail in an envelope
addressed to: Commissioner of Patents and
Trademarks, Washington, D.C. 20231.
Date of Deposit: September 16, 1996
By: Laura A. Schutze
Signature:
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Hewlett-Packard Company
U.S. Serial Number: 08/322,808
Filing Date: 10/13/94
Inventor(s): Kelly J. Reasoner, et al.
Page I of 4
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Record 1/1 US5608684A System and method for RAM power and data backup utilizing a

capacitor and ROM 

 

Title: System and method for RAM power and data backup utilizing a capacitor and ROM 
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Original

Original
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20130101

20130101

US
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ECLA: G11C000514B | G11C001100C 

Abstract:  

 

A system and method for permanently backing up RAM memory devices. The present invention

utilizes a capacitor as a primary backup device for supplying the necessary backup power for

power fluctuations, power interruptions, and other short-duration power failures. The present

invention also utilizes a ROM as a secondary backup device for backing up and restoring valid

RAM data when the duration of power loss is greater than that for which the capacitor can supply

backup power. Thus, the integrity of RAM data is guaranteed for all types of power fluctuations,

interruptions, and failures. The ROM includes two storage areas for separately storing two copies

of RAM data. The processor first determines whether the data stored in the RAM is valid. If the

present RAM data is valid, the processor backs up the present RAM data by replacing the oldest

or invalid copy in the ROM with the present RAM data. If the present RAM data is not valid, the

processor restores the RAM data with the most recent valid data previously stored in the ROM. 
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