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1

SYSTEM AND METHOD FOR RAM POWER
AND DATA BACKUP UTILIZING A
CAPACITOR AND ROM

BACKGROUND OF THE INVENTION

1. Feld 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
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
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.

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
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 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
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

periodically requires replacement. This increases the main-

tenance cost of the system. In addition, the capacitor can
supply the necessary voltage for only a limited period of
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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
in ROM. '

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
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 invention
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 a
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 in
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 the
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
PREFERRED EMBODIMENTS

L. Introduction

The present invention is a system and method for perma-
nently backing up RAM memory devices. The present
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 replacing
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, and
failures.

II. System Architecture

FIG. 1 illustrates a circuit block diagram of a preferred
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 in
conjunction with each other to permanently maintain and
backup data stored in RAM 116.
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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
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 receives power 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) compornents. 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
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.

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
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 its
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 ROM
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.8.A.), herein incorporated by reference in its entirety.

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 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 utilized often.

B. Data Backup Components

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 which
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 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 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 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
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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 28F001BX-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 sofiware, 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 of read 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 1M (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.

III. 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. 24, 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.

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
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.
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,
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
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.

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
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 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-
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
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
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
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
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 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 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 1is 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 fajlure is 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 in ROM device 104 is copied to RAM 116 in step 414.
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" Ifin 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
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.
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.

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
version of data which was backed up prior to the more recent
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
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
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
those of ordinary skill in the relevant art will recognize a
variety of additional applications and appropriate modifica-
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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;

aread 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
comprises:

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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System and Method For RAM Power And Data
Backup Utilizing A Capacitor And ROM

Inventors: Kelly J. Reasoner
Eric E. Williams

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 qlaintain 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
above power interruptions and fluctuations. One of the more common backup
power supply arrangements has been to combine 2 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 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
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

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
periodically requireg replacement. This increases the maintenance cost of the
system. In addition, the capacitor can supply the necessary voltage for, a

Jimited 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
require the implementation of procedures for removing and discharging the
battery prior to disposal. Although the use of enly a capacitorAgo provide
backup power would alleviate this environmental problem, capacitors can
supply power for a refatively 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 indefinitely backing up
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 data when the loss of line power supply is of a
duration greater than thatjg;gh 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
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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
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 vali Then 522 processor
replaces the corrupted data stored in the RAM with a-p;e:.qeusly—st —eepy
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
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
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

P
~t
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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.

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

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

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;

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.
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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
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 thaf,@xhich 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, and failures.
I System Architecture

Figure 1 illustrates a circuit block diagram of a preferred embodiment
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.

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 Figure 1. The 16 data lines of data
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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.

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 1161s 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
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)
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
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 voits, the voliage at junction 130 is
maintained at S 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

s
%,
&
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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
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 associated components are

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.

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

enable RAM 116 to maintain data stored in its memory cells.
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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
the necessary voltage at junction 130 for RAM 116 fo 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
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,
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.
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

utilized often.

10

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 30



10

15

20

25

-10-

B. Data Backup Components

The system components directed to the backup and restoration of valid
RAM dataA-iiArf;w 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 m;;?év(ﬁ:h 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 specificaily, there are two functional components of
processor 102 associated with the present invention: a 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 RAM 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 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
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
source power supply 120. The other copy is an older version of RAM data
which is held for the uniikely 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

[
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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 28F001BX-T/-B CMOS Flash Memory,
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 réprogrammed 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 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
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.

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 1M (128K X 8)

(2.
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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
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.
II.  Data Backup Operation

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

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.
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
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

[
)
—

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 33



10

15

20

25

13-

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

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
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
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
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
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

i
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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

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

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
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

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, processing continues at decision block 306, wherein

a similar verification process is performed on flash copy 2.

3
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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 o_f 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
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.

,ln
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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.
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
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.

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
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,
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
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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
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 invzntien will restore the RAM
with an older version of data which washbaeleup up prior to the more recent
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
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 maintai‘ning 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
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.

by
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What Is Claimed Is:

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

a RAM, configured to store bin data, including a voltage input
adapted to receive acyoltage tereo

a capacitor, electrically€oupled to said voltage input of said .-RAM,
configured to provide said RAM with a voltage for a fi#st period of time, said
voltage sufficient for said RAM to maintain said storage of said data;
emory (ROM) configured to store multiple copies of said
data stored insaid RAM; and

processing meaps, coupled to said RAM and said ROM, for
transferring saidAeepy of said data stored in said RAM to said ROM.

2. The system of claim 1, wherein said ROM,is-configured-to-store
a first copy and a second copy of sgid data stored in said RAM, and further

wherein said ROMA’is—eeaﬁg&Eed—te—enab}e said first copy of said data to be

‘stere,@hd erased separately from said second copy of said data.

3. The system of clai further comprising:
a power supply circuit, ijterpod¢d between a line power source and
said RAM, configured to convert and maintgin said line voltage to a specified

supply voltage associated with said RAM.

4. The system gf/-f'laim 3, wherein said processor  means

comprises:
a backup processing/ eads for ‘copying said first copy and said second
copy of said data in said I
a restore processing fmeans for restoring hg-—mest—«vah&ﬁld most recent A,

said data stored in said ROM to said RAM.
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\\\5. A method for backing up data presently stored in a RAM,
COmPpIiS gg the steps of:
(1)
(2) \ backing up said present RAM data to a ROM when said present
RAM data is valid; and
(3)  redtoring the contents of said RAM with valid RAM data
previously stored i said ROM when said present RAM data is invalid.

determining if said present RAM data is valid;

6. The method of claim 5, wherein said ROM comprises a first
storage region configured o store a first flash copy of RAM data and a second
storage region configured 1Q store a second flash copy of RAM data, and
further wherein said step (2) comprises the steps of:
(a)  determining which ofysaid fitst flash copy and said second flash
copy is a most recent valid copy of\said RAM data and an invalid copy of said
RAM data; and

(b) replacing said invalid

RAM data.

Ry of'said RAM data with said present

7. The method of claim 6, wherelq said step (2)(a) comprises the
steps of:
(i) verifying the validity of said first flash copy stored in said first
storage area of said ROM,;
(i)  after said step (i), verifying the validity of said second flash
copy stored in said second storage area of said ROM if\gaid first flash copy
is valid; and
(iii)  determining which of said first flash copy and said second flash

copy is said most recent copy of said RAM data.

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

steps of:
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\

‘(\'{) erasing said first flash copy of said RAM data if said first flash
copy is inyalid; and

(i) \ after said step (2)(i), copying said present RAM data to said
first storage atea of said ROM.

9. The Ymethod of claim 7, wherein said step (2)(b) comprises the
steps of:

(i) erasing sajd second flash copy of said RAM data if said second
flash copy is invalid; and

(i)  after said step, (2)(i), cdpying said present RAM data to said

second storage area of said ROM.

10. The method of claith 8, wherein said step (2)(b) further
comprises the steps of:

(iiiy  incrementing an odometeRassogiated with said first storage area
of said ROM to indicate said first fla contains said present RAM data;
and

(iv)  setting a validity bit associated ‘with said first storage area of
said ROM to indicate said present RAM data stored in said first flash copy is

valid.

11. The method of claim 9, wherein saidy step (2)(b) further
comprises the steps of:

(iii)  incrementing an odometer associated with saiq second storage
area of said ROM to indicate said second flash copy containg said present
RAM data; and

(iv)  setting a validity bit associated with said second storage area of

said ROM to indicate said present RAM data stored in said second flash copy

is valid.
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12.  The method of claim 5, wherein said ROM comprises a first
storage region configured to store a first flash copy of RAM data and a second
storage region configured to store a second flash copy of RAM data, and
further whergin said step (3) comprises the steps of:

(a) etermining whether said first flash copy and said second flash
copy is a most recent valid copy of said RAM data;

b) repl
copy of said RAM daja stored in said ROM; and

(© indicating said RAM data cannot be restored if said first flash

ing said present RAM data with said most recent valid

copy and said second flash copy are not valid.

13. A power and data backup method for providing backup power

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

a voltage thereon, utilizing 2 ROM, having a first storage region configured to
store a first flash copy of RAM data gnd a secopd storage region configured
to store a second flash copy of RAM \data, comprising the steps of:
(1)  providing a voltage from\a capdcitor to said voltage input of
said RAM when a normal power sou terrupted for a first time duration;
(2)  determining if said present RAM data is valid, said RAM data
being invalid when said first time duration is ggeater than a discharge time of
saild capacitor;
, (3)  backing up said present RAM data to,a ROM when said present
RAM data is valid, including the steps of:
(@) determining which of said first\ flash copy and said

second flash copy is a most recent valid copy of \said RAM data and

an invalid copy of said RAM data, and | ,

(b)  replacing said invalid copy of said RAM data with said

present RAM data; and

(4)  restoring the contents of said RAM with valid M data
previously stored in said ROM when said present RAM data 1 invalid,

including the steps of:
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determining whether said first flash copy and said

second flash copy IS recent valid\copy of said RAM data,

(b)  replacing said prese data with said most recent
valid copy of said RAM da
(© indicating said

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

| @f/wﬁof

10

15

Abstract

A system and method for\permanently backing up RAM memory
devices. The present invention utiljz&§ a capacitoy as a primary backup device
for supplying the necessary backup gower for/ power fluctuations, power
interruptions, and other shopi-duration power f4 ures. The present invention
also utilizes a ROM as /a secondary backdp evice for backing up and
when the durafi0

restoring valid RAM datg . of power loss is greater than that

which the capacitor can| supply bagkfp powey. Thus, the integrity of RAM

data is guaranteed for attypes of power flyctuations, interruptions, and
failures. The ROM includes two storage areay for separately storing two
copies of RAM data. The processor first determiRes 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 i walid copy in the ROM
with the present RAM data. If the present RAM
processor restores the RAM data with the most recent

stored in the ROM.

data is not valid, the

alid data previously

A287-02.WP5 092794
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POWER OF ATTORNEY:

As a named inventor, | hereby appoint the attorney(s) andfor apent(s) fistad below 1o prosecute this application and transact all business In
the Patent and Trademark Office connected therewith,

Jeifrey B. Fromm, Reg. 30,358; Edward L. Miller, Reg. 29,331; William W. Cochran, II,
Reg. 26,652; Guy J. Kelley, Reg. 32,905; Karl E. Bring, Reg. 31,391; Augustus W.
Winfield, Reg. 34,046. ’

“-.Send Correspondence 1o
siiRecords Manmger.
. Legal Department, 2080 0 "
;. HEWLETT-PACKARD. COMPANY
""3':’;"P.0._B£X_10301—"’:.’,": U -

.. Palo Allo, California 943¢

Irect Telephone Calls To:

{ hereby declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed tc be true; and further that these statements were made with the
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both,
under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize
the validity of the application or any patent issued thereon.

. e
Full Name of Inventor: __Kelly J. Reasoner_ f~one

2442 Yorkshire Street
/g.zColug_s., Colorado 80526

,/4:/%——-—-—\6-/0 -5

Safiatdre & p, Date
Rev 4/92 (Forrg 3:02) {Use Page Two For Additional Inventor(s) Signature(s)) Page1of 2

Citizenship: U.S.A.

Resldence/Post Office Address:
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Fuli Name of #27joint Inventor: _ Eric E. Williams = &2~ ¢ &2 citizenship: U.S.A.

Resldence/Post Office Address: 6361 Buchanan Street

Ft. Collins, Colorado 80525

- o

‘ el ‘ Jofs /34

nventor’'s Signature Date

Full Name of # 1 Joint Invantor: Clitzenship:

Residence/Post Office Address:

fnventor’s Signature Date

Full Name of # 2 Joint Inventor: Chizenship:

Resldence/Post Office Address:

Invenior’'s Signature Date

Full Name of # 3 joint Inventor:

Citizenship:

Residence/Post Office Address:

Invenior's Signature

Dale

Full Name of # 4 joint inventor: Citizenshlip:

Resldence/Post Otfice Address:

invenior's Sighature

Daile

Full Name of # 5 joint inventor: Citizenshlp:

Residence/Post Office Address:

Inventor's Signature Date

Full Name of # 6 joInt inventor: ) Chizenship:

Residence/Post Cffice Address:

Inventor's Signature Date

{Use Next Paan For Additional inventar(s) Slgnaiure(si

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 46



[ Bang iy

Sl K07) sn¥ sevg
’ &
y _ ﬁl A - J mﬂh\
| | _ e
| | |
(o7} | |
oz R e T ac!
DUHLS _ . _\.\ 57 _ \m\
¢
_\\ 4 _ q A i _ | ::.. Pyausay
n
911 , _ | A / m —— - pel
L, ! _ i V4 S 220G \v
B L _ | I f , gor
7 7
o IR
_ _ (o) | yossaIey”
DUYLS _ [ Hot74 _
0 [ | <4l
B L1 i @
oz/ mIymog i

| o | SO
/ \_\ R

VE R

wﬁﬁm JHM GITUIZY O BeCTr
IhRRe: I MRl 2w w

MO §Y

el iy

~ GEALL ATTVID
SONIAAVHA 30 LN

IPR2023-00783, Pg. 47

Petitioner Intel Corp., Ex. 1015

8082ZE/ Al



PRINT OF DRAWINGS
. ASORIGINALLYFILED _

1 0§/322808

2o Z

-

i&"‘“é Zoq
I
e i
B
g
ea
id
:
i - . Zof
g . 206 5
z‘ Backap - Kesrorna
Ve RAH ‘ _ CORRUPT FAM
LFigors 3 ] [ Fiaues ¢7
Filéurs 2
200

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 48



MUY I WD LIS YY LV D ’

AS ORIGINALLY FILED _

[ &)

| 18322801

Fraves 3

42308 IWUINTCID £IE-EASCT 3 SULAHL
42.360 200 SHEETS EYE-EASEY § SQOUARE

42992 WO AECYCLED WHITE S SOUAAE
42-339 200 RECYCOLED WHHTE 5 SOUARE

LA

L4
ERASE” FLASH
Cepy py

'

TRleRE AT FLASH
Copy# dDopETEX
I RArY

'

Copy chimes omrn
Feort PAMN T

Flsh copy #/

'

SET FiRsy Copy #/
VALriD nATA Bir

'

Lt 310

Lt 342

e 3/C

© RAr parie
OATA BAcKup
SETART

DATA Ind
FlasH cop'f

1

#2

Z2od
30l
3o
: ) 4
ERASE FASH
copy 2 318

'

Aarepugrtsrer FLASY
Copy M2 ODOMETEK
I RAMH

y

COPY CE/TIEAL. BATA
Feort f2Artr o
FlasH copy # Z

'

Sor Fhlasy Copy #2 ]
VaLiy pars sir

v

L 320

L« 322

3z2¢/

S7op

326

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 49



PRINT OF DRAWINGS

EYE-EASE 5 SQUARE

GYCLED WHITE § SOUARE

42799 200 RECYCLED WHITE 5 SOUARE
A

g S g G REEIS
42062 100 AES
Hace

FLASH casy

L . /322801

v on

208

DT 1M

#z

A

Nors ~ ol A1t Lz
Dara Los

FATLops

s/
J

: 6 v

Copy Ci_ﬂ/i?cﬂz. LArA e CoPY CRINNcAL DATH
FEop FASH Copy Fa FRolr FlasH copy #|
T2 RA 72 _RAH
¥
¥z

Fréura 4

Petitioner Intel Corp., Ex. 1015

IPR2023-00783, Pg. 50



Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 51



[ B 1o

oo/ - @) sn§ siva 2
_ - — - - — = /
w 3 ! [ ) ! 6o
| | | | é
_
- | _
= _ | CONN
211 | N | | LIOY | I
\ UYL S _ _\.\ Hse/ 7 _ A
, _ a_i _ L || Pruszg
el H“ e o:\;\ 4\ _ : _ jal - - \um.\
917 _ | 2 ——— L
e |%l .i,.._ _ g i | _ 7\ Ss38y0ay e
g # T _ _ _ @...ﬂ Ve A&DEUW«M. ’ .
. _ |
a2 v _ ~_ _ _ | A _ do.ww.mv.uomn’\.
IH
Ml || | Hoy {
T | | suwzs | BRAZ |
w&ﬂ\ [ | 4
o] IR S R | °
oz/ \u.wm\w._\n.m%wuﬂ\w.m \ T\..l Y anndPTl
_ \_\ (e EoT &‘Eﬂ

-

wETnv e
VAR5 S ZLHA GIIDADTH 002 GEEZH
FHYNDS S SLUHAM 0FI0AD3H 00T 2BE2k [
AWANC & L 3TWA 0 1ISN8 AR ENCTe

IPR2023-00783, Pg. 52

Petitioner Intel Corp., Ex. 1015

Qose2e



Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 53



1§/322808

B vt
CUARE

200 BHEETS EYE-EAge' § SaARE

o
42392 100 RECYCLEQ WH

35
4333 200 REGYCLED WHIE 5 SQUARE

Meda U S A

ettonar ~arand s

==

2o Z

zolf
/S
N RAH i
W
v —— A 4 ‘Zo¥
L 206 P
Bacreop - Kesrorna .
Vs RAH ‘ CoRrRUPT FAM
[ Frauré 3 1 [ Fraves ¢
Filéaors 2

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 54



Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 55



| 18/32280!

. LJ
.-“‘A\ﬂ'ﬂaﬂamf ‘Brand

Frdoré 3

20&
© B e —
DATA BACIuE 302
START
\/’Aum 301{
“ Flasp copYf
|
£
VALID 8
pATA 1M
FlAsH cor'f
i
o No
‘ v
ERASE FLASIH L 310 ERASE [ASH
Copy #-( Copy fZ e 313
Iuc,em}eufr FLASH 312 Trrcjusyacsrer FAAH) L 3206
Copy ) obomeTEr Copy M2 ODOMHEREK
IN RAM M RAM
Copy co/mepe oATH CopY CRiTICAL. PATA 2
Feors RAM 7O 31/ Feor fArr yo [ 2%
Frastt coPy #{ FlasH Tr #Z
Ser pirH Corr#l| 5 Ser Flasy Copy #2 | oy
VALID nATA Bir VaLin oATs Brre

;

| v

ST

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 56



TETETEE
TEPRERI LR

4% L
f‘&\‘ésfﬁ’\ﬂ"ﬁ ut { BN ..!:

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 57



] 13/32280:

My

35302 100 BECYCLED WHOE b SOUARE

[

42399 200 REGYCLED WHEE 5 SOQUARE

Mads InU.5. A

wLeaas

298

Darp 1™
FLAsH ca=y

FLAsHcopy
#2 _

#2

FATLoRE”

NONE - VoL ATI LS Hiz
Darh Los i

. p14f
yi6 L 7 ..
Copy CRi7cAL PATA 7 , CoPY CRINCAL PATH
Feory 1FAsH copy Fo FRory FlasH copPy ¥/

70 RAM 72 RAM

Frevre ¥

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 58



Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 59



HEWLETT-PACKARD COMPANY ' PATENT KPPLIICIL'\TIO
ATTORNEY DOCKETNO, | 094453/-’%
IN THE BB / 322808

UNITED STATES PATENT AND TRADEMARK OFFICE

(to be assigned)

Examiner:
Filing Date:  (herewith) ' Group Art Unit: (to be assigned)
Title: System And Method For RAM Power And Data Backup

Utilizing A Capacitor And ROM

THE COMMISSIONER OF PATENTS & TRADEMARKS
Washington, D.C. 20231

INFORMATION DISCLOSURE STATEMENT
Sir: ‘

This Information Disclosure Statement is submitted:

(¥} under 37 CFR 1.97 (b), or

(Within three months of filing national application; or date of entry of international application; or before
mailing date of first office action on the merits; whichever occurs last)

() under 37 CFR 1.97 (c) together with either a:
() Certification under 37 CFR 1.97(e), or

() a$210.00 fee under 37 CFR 1.17(p), or
(After the CFR 1.97 (b} time period, but before finat action or notice of aliowance, whichever occurs firsh

() wunder37 CFR 1.97 (d) together with a:
() Certification under 37 CFR 1.97 (g}, and
()} apetition under 37 CFR 1.97 (d)(2)(ii), and
() a$130.00 petition fee set forth in 37 CFR 1.17 () (1)
{Filed after final action or notice of allowance, whichever cccurs first, but before payment of the issue fee)
Piease charge to Deposit Account 08-2026 the sum of . At any time during the pendency

of this application, please charge any fees required or credit any overpayment to Deposit Accournt
08-2025 pursuant to 37 CFR 1.25,

00 Applicant(s) submit herewith Form PTO 1448 - Information Disclosure Citation together with copies,

" of patents, publications or other information of which applicant(s) are aware, which applicant(s) believe(s)
may be material to the examination of this application and for which there may be a duty to disclose in
accordance with 37 CFR 1.56.

() A concise explanation of the relevance of foreign language patents, foreign language publ.cations
and other foreign language information listed on PTO Form 1449, as presently understood by the
individuals(s) designated in 37 CFR 1.56 (c) most knowledgable about the content is given on the
attached sheet, or where a foreign language patent is cited in a search report or other action by a foreign
patent office in a counterpart foreign application, an English language version of the search report or
action which indicates the degree of relevance found by the foreign office is listed on form PTO 1449 and
is enclosed herewith,

It is requested that the information disclosed herein be made of record in this application,
Respectfully submitted,

I hereby certify that this corespendence is being
deposited with the United States Postal Service as .

Express meil in an envelope addressed fto: By
Commissioner of Patents and Trademarks,

kY i .
. Washingten, D.C. 20231. anﬁz{
Date of Deposit:  October 13, 1994 Attorney/ DeXtfor Applicant(s)

TypedName!  valerie Bakes | Reg.No. 36,727
signataes_ /AL ok Date: October 12, 1994
Rev 10/34 (Form 3.054) Telephone No.: (202) 371-2643
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(Lhc sevesal sheets i necessary)

Reasconer et al.

FIONGDATE | & 1%

(to-be~assigned) H)d

REFERENCE DESIGNATION

U.S. PATENT DOCUMENTS
EXAMINER DOCUMENT SUB
INTTIAL NUMBER DATE NAME CLASS CLASS
- AAL 4,874,960 | 10/17/89 Cybela 307 6l
FOREIGN PATENT DOCUMENTS
DOCUMENT SUB
NUMBER DATE NAME ClAsS CLASS

OTHER REFERENCES (including Author, Title, Date, Pertinent Pages, etc.)

ol { L’FR--H

NEC Document No. CEP-1004G, "Supercap" User's Manual, published+6/92.

patE conspEren T [ 12 ¢~

EAMNER  [) 4 \—E\,UM ‘fgu

Rev 5/50 (Form 3.05)
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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.
Histarically, this standby funciion has beena choice between primary or secondary batteries.

“‘fhe use of nonrechargeable (primary) batteries, such as Lithium, may be risky since there is no way to determine
how much chargs 'is still available to handle a power outage of unknown duration. Rechargeable batteries, such as
Ni-Cd must have a controtled charge rate te limit current to battery, and must be periodically reptaced.

More recently, the use of CMOS and other Jow pawer drain technologies in processor and memory iC's has
drastically reduced the total standby gower requirements. This coupled with the fact that most power outages |ast
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 5O times that of conventional aluminum electralytic capacitors. The high

capacitance (2 200 000 microfarads) and [Bw leakage cmr&\ makes the SUPERCAP an efficient, reliable, and

cost effective energy storage davice. SUPERCAP can be used as standby power sources for CMQOS 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; ie.,
microamps to amps.

s-o This brochure telis the SUPERCAP story,

rrrh I s or S o 1
C s e e o TE 004 - vEe | R
— gt F T ey v . F: NEC S ¥
oo VESR TR ;;fsn.wq puecsst || G sy ol 1 NECSSY
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1. FEATURES

1.1 Extremely High Volumetric Efficiency

The capacitance per unit area of the eleciric double layer is estimated as high as 20 to 40 uFfem2, The surface
area of the activated carbon is around 10,000,000 cm2 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 quick'y or how
frequently it is conducted. Unlike Ni-Cd batteries, there need neither specific charging circuit nor troablesome
charging conditions.

1.3 Wide Operating Temperature Range

The operating temperature range of SUPERCAP is wuder than battery's. (FR: —40 °C to +85 °C, FE: —40 °c
to +70 °C, others: —25 °C 1o +70°C)

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 ié generally characterized by “short”, but in case of SUPERCAP, it
becomes “‘open’’ only when excess voltage and/or temperature has been impressed fora jong 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 cel's 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 reguired very
often for a few years.

For respording to those requirements, NEC has standardized the 3.5V and B.5 V series as the extention to new
direction. A

NEC's line-up in rated voltage, therefore, consists of 3.5V, h.5V,65Vand 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 mainienance in your systems
with microcomputers/C MOS memories.
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2. ORDERING INFORMATION

2.1 Catalog Numbering System

FYD M

108

Z

—l—_—— Capacitance tolerance: '3 %

Capacitance;

First two digits represent significant
figures. 3rd digit specifies number of
zeros to follow, Microfarad code.

Max rated voltage

oV : 35V
QH : 55V
ol : BBV

1A 1 11V (FA Series)

2.2 Qutline Drawing {unit in mm)

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

Super capacitor;

FA : FA Series
FE : FE Series
FS : FS Series
FR : FR Series

EYD: EY Series {Small-diameter type)
FYH : FY Series {Low-height type)
EYL : FEY 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

_I_— Height of compenent from tape

center (16: 16 mm, 18: 18 mm)

Tape packaging

o]
ot

)

{Terminals)
dq

T

[

dg gp: 2ZMAX : FA Series

0.3 MIN: FE,FS, FR, FY Series

Petitioner Intel Corp., Ex. 1015
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& Molded Type {FM Series)
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2.3 Taping Specification {Ammo pack, Applicable only for FM Series)

Po : P
b
et}
("]
- + - +
— e g ' . H
Py F Wy S
) = T 1 8
oo TR o
i : t 1! 1] 11 1) o =
Y I o g t2
1 1 i z
\u L Ly Lt e L Ll \ k_
/ ) |
Po Bg ' 1
Unit in mm
ltem Symbal Value Tolerance . Remarks
Component Height a 11.5 £0.5
Camponent Width b 10.5 1 -2 0.5
Component Thickness c * + 0.5 * 5.0 for 0.01 F10 0.047 F, 6.5 for 0.1 F
Lead-wire Width Wy 0.5 +0.1
tead-wire Thickness 13 0.4 + 0.4
Piteh of Component P 12.7 + 1.0
Sprocket pitch © Pp 127 +0.3
Spracket hole center to lead P 3.85 £0.7
Sprocket hole to component center Pa 6.35 +1.3
Laad spacing F 5.0 +0.5
Component Alignment Ah 2.0 MAX. -
idth w . +1.0
Tape width_ 18.0 105
Hold-down tape width Wg 12.5 MIN,
Sprocket hole position W1 9.0 +0.5
Hold-down tape position Wo 3.0 MAX, -
16.0 +{.5
Height of companent from tape center H
18.0 +0.5
Sprocket hole diameter Dg 4.0 £ 0.2
1 0.7 +0.2
Total tape thickness
ty 1.5 MAX, -
Length of shipped lead L 11 MAX. -
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3. STANDARD PRODUCTS
3.1 FA Series

- Cap.  |Muaaa®] MAX. ESIT MAX. la Dimensions “n'c‘:‘) Welght
(Farad) | (v.DC) |(Rat1kHz) | (mA) |D:06 |HMAX.| P03 la1£0.1 [dp20.1 [0 MAX. g lom)
FAOHATSZ | 0047 | 55 2 007 (r;‘.ggo) st | ©2) (o%?s) (0547} (oi'gv) (0?2'39)
FAOH104Z | 01 55 8 015 | oaum | 06101 | 03 (00241 | (0.647) o2 (043
FAOHZ24Z | 022 | 85 5 033 | 1o | 0860 | 0 |i0004 | (05881 | 0741 | (0a82)
FADH474Z | 047 | 55 35 6. (1?2.:7) :c:.géso) (0.15591) (0?0'24) (0?0.27) (o?égm (1.?4%2)
FAOHI05Z | 1.0 | 85 25 15 | qs | 0328 | (0787 (0530 | 00851 | 0574 | (2299
FAlAZ23Z | 0022 | M 20 0085 |\ 1o%) | aoon | 021 |wots | 0o | wien | 0208
FAalal0az | 01 H 8 03 | 1z | 1oon | (0 00341 | 00851 | 0374 (11200
Falaz2az | 022 | T & 0.66 (13.2557) (1%%353) (0.15591) (o?dgm (0.10'25) (0?3'24} (1'35:40)
FAlA474Z | 047 | 11 4 141 (14_;?552) (12.?'252) (0.27%7) (o?dgg) (0}525, (U?égé} :zf‘za)
Note 1) Capacitance tolerance: 80 %, —20 %; 2} Weight is typical.
3.2 FE Series
Cap. MQ’;;‘S:;“ MAX.ESR [MAX.Ia Dimensions = Weight
Catalog NBR {Farad) |(v.DC) | (2 at1kHz} {maA) D+05 [HMAX. | P+05 id{£0.1 |dp£ Q.1 | 21 MIN. atoz)
FEOH473Z | 0047 | 55 14 0071 | (oo ((1;15.21 02 (o%?s) 0.647) (0.2627) 0042
FEOHIDAZ ¢ O 53 65 015 | 052 | ose | 02 | 0018 | 0oen) | 1081 (0.5:377)
FEOH224Z 1 022 | 55 35 033 | oon | wen | 09 | 0024 | @04 | oat8 | 0856
FEOH474Z | 047 ) 55 18 ort | 22 | oea | 0 | opam | 005 | 0800 | 0585
FEOHI052Z 10 55 10 15 (?ii) (33%2} ,(;ijég) (0?624) (0.1627) (0?2.2101 h.ssis)
FEORISEZ | 15 | 55 06 23 | {55 | or9 :(30731 (0639 | (00851 | (0560} | (2044
Note 1) Capacitance tolerance: +80 %, —20 %; 2} Weightis typical.
5
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3.3 FS Series

Cap. [Mi%omed] MAX.ESR |MAX.la Dimensions 71, Weight
Catalog NBR

(Farad) | (V.DC) | (Qat1kHz) | (mA) |D%05 [HMAX.|P%05 {dq 201 idp*0.1| ¢ MIN, | gloz)
FSO0H223Z | 0022 | 55 60 0.033 (J.l?sssw (0 3351 tc?foBoa oo16) (0?6:217] oos) | 0087)
FSOH473Z | 0.047 | 85 40 007 | o2 | 0398 (0.2001 | 0:016) 00471 | 10087 o002
FSOH104z | 01 58 25 015 | (0.80) (05951 | (0,200 wotel | 0647 0081 | (01459
FSOH224Z | 022 | 85 % 0.33 tt;.gésm 401.2'102) (05;1030) 0o18) (O}J.iﬂ or106) (0.51'37)
FSOHA7AZ | 047 | 85 13 071 |omug | 08121 | (0300 00041 | (0647 o18) | 10.383
FSOMi05Z | 10 | 85 ’ 15 | (e 0251 | .40 (0034) (0.065) 05é01 | 10,635

Note 1} Capacitance tolerance: +80 %, —20 %: 2} Weight is typical.

3.4 FR Series
eatlog NBR Cap. M':‘,’:;f::ed Nég; Mf:(' :v;lgl Dimensions (?:l:;‘ﬂ Weight
{Farad) [{v.DC) -1(?::) {mA} | (V] |D:0S |HMAX. P£05 |dy 0.1 jdp £ 0.1 Leg MIN. | g loz}
rrovzzsz | ooz | ss | z0 (0033 | a2 | 02 | daen | @ate | 001 | 06an | 06 | e
cranarsz | oonr | ss | mo Joon | a2 | a2 | 0281 5% | oo | woen | wee | @13
Frosiosz | o1 | ss | 150 1015 | 42 | gon | e 0001 | 0016 008) 05051 | 0182
FRUH”“;) 0z | 55 | 180|038 | 42 | 0in, |y 0200 | 0016 06471 | 0085) o187
FRORA74Z 047 38 10 0.71 42 (01.2;350) (02.;5}156} (f?.fr?o} (0%?5) (0.16317) (0.21';5) (0?2'25)
ooz | 10 | 55 | © | 15 | 42 | asey | caser | | 00 | 0o | e1ve | a0

Note 1} Capacitance tolerance: +80 %, —20'%; 2} Weight is typical.
3) SD: voitage holding characteristic.
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3.5 FY Series

& FYD type: Small diameter

MAX. Ratee | MAX. | MAX, | MIN. . i mm .
Cap. Vo | ESR L sD Dimensions - ch) Weight
Catalog NBR =
(Farad) | {v.DC) 1k::) {mA}'| V) {D£0S |HMAX.| P05 [dq£0.1 |dp20.1 ey MIN.| gfoz)
116 | 85 | so08 | 04 12 27 1.6
FYDOH223Z | 0022 | 55 | 220 10033 | 42 | 0 | (0335 | (02001 | (0.016) | (0.047) | (0.106) | (0.056)
115 8.5 5.08 .04 1.2 2.7 1.65
FYDOHA473Z | 0047 | 85 | 220 | 0073} 42 |4 om | (0.335) | (02001 | 10.016) | (0.047] | (0.106) | (0.088)
' 13.0 85 5.08 0.4 1.2 22 2.4
FYDOH104Z | 0. 55 | 100 1015 | 42 | gk | (0.335) | 102000 | 10.016) | (0.047) | (0.087) | (0.085)
145 | 150 | 508 | 04 12 24 43
FYDOH224Z | 022 | 55 | 120 | 033 | 42 | 457y, | (0501) | (0.200) | (0016) | (0.047) | (0.095) | (0.152)
166 | 180 | 508 | 04 12 2.7 6.0
FYDOH474Z | 047 | 55 85 1071 | 42 1 oes |t050m) | (02000 | 0.016) | (0.047) | (0.108) | (0.212)
215 | 160 | 762 | 06 12 30 | 110
FYDOH1052 | 1.0 85 B4 15 | 42 | g5 | 0.629) | (0200 | (0024) | 0.047) | (0.118) | (0.388)
_ 215 | 100 | 762 | 06 12 30 | 120
FYDOH145Z | 1.4 55 45 1 21 4 42 | hgs) {(0748) | (0.300) | (0.024) | t0.047) | (0.118) | (0.424)
285 220 10.16 0.6 1.4 6.1 229
FyYbon225z | 22 55 B/ 33| 42 14y 422) { 0866) | (0.4001 | 0024) | (0.055) | (0.240) | (0.809)
Note 1) Capacitance tolerance: +80 %, —20 %; 2} Weight is typical. 3) SD: voltage holding characteristic.
® FYH type: Low height
Catalog NBR oo 2
(Farad) | (V. DC} HH"’z] fmA) | V) {D£05 (HMAX, |P£05 [dq20.1 [gp201 29 MIN. | g (o2)
15 | 70 | 508 | 04 12 27 15
FYHOH223Z | 0022 | 85 | 200 00331 42 14 403 | (02761 | (02001 | (0.016) |(0.047) |(0.106) | (0.053)
' 13.0 7.0 5.08 0.4 1.2 2.2 2.2
FYHOHATSZ 1 0047 1| 85 | 100 100731 42 19517 | (0.276) |10200) | (00161 |10047) | 100871 |(0.078)
|
! 165 | 75 | 508 | 04 12 2.7 34
FYHOH104Z | 0.1 85 | 80 | 015, 42 | s | (0288 | (02000 | l00168) | 0047 |(0.108) |(0.120)
165 | 95 | 508 | 04 12 |, 27 36
FYHOH224Z | 022 | S5 €0 1033 42 | 068y | (0374 | (0200} | (0016) | (0.047) | (0108} |(0.127)
215 | 100 | 762 | 06 12 30 72
FYHOH4742 1 047 | 35 85 | 071 42 | g | (0.394) | (0.300) | (0.024) | (0.047) |t0.118) |(0.258)
! 285 110 | 1016 0.6 14 6.1 139
FYHOHI0SZ | 10y 85 | 20 | 18 1 42 (11001 | (0.433) | 0.400) | 10.024) |(0.055) | {0.240) | (0.491)
Note 1) Capacitance tolerance: +80 %, —20 %; 2} Weight is typicai. 3) SD: voltage holding characteristic.
® FYL type: Very low height
MAX. | MAX. ¢ MiN. . , mm \
Cap. M?r:h::em ESR la . SD Dimensions  oon) Veiaht
Catalog NBR ( : :
{Farag} | (V. DC) 1‘;:2‘) (mAl © (V) D05 |{H =05 |P205{d1£01 [d0.1 |29 MIN. | g {o2)
E 11.0 5.0 508 | 02 1.2 2.7 09
FYLOH103Z | 0.01 85 800 10015, 42 | g |10.197) | (02000 (0.016} | (0.047) | (0.106) | {0.032)
1.0 5.0 508 . 02 12 2.7 1.0
FYLOH223Z { 0022 | 65 | 200 | 0033, 42 1 4,5 | (5197) | (02000 (0.016) | (0.047} | (0.106) | (0.035}
’ 120 | s0 | 508 ° 02 12 22 12
FYLOH473Z | 0047 | 85 | 200 | 0071, 42 | .0 |(5197) | (0.200 : (0.016) | (0.047) | (0.087) | (0.042)
7

Note 1) Capacitance tolerance: +80 %, —20 %; 2} Weight is typical. 3] SD: voltage holding characteristic,
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3.6 35V, 6.5V Series

‘Cap. MAX, Rated MAX. MAX. mm

Catalog NBR Voltage ESR la Dimensions {inch)

e {Farad) | (V. DC) | (Qat1kHz) | {ma) D05 [HMAX.| P£05 |d1£01 |dox0.1} 21 MIN. | glO2Z)

Weight

1.0 52 5.08 0.2 1.2 2.7 1.0
. . o .
FSHOV433Z | 0043 | 35 S 0038 | (0.413) | (0208 | (021 |t0.008) | 0047 | 10108 | 0.035)

10 | 52 | 508 | 02 | 12 27 10
X 5 180 B0 N *
FYDOVEE3Z] 0056 | 35 s 0050 | (0.413) | (0205 | 102) |(0.008) | 0.047) | 10.108) | (0.035)

115 B.S 5,08 04 12 2.7 1.7
022 6.5 B0 G40 . R
FSHOJ223Z | © 0 (0.453) {{0.355) | 0.2) |(0.016) | (0047} | (0.108) | (0.080)

- 115 | 85 | 508 | 04 12 27 1.6
FYDOJ273 0.02 . 200 049 N N
YDOI273Z 7| B ° {0.453) | 0.355) | (0.2) |(0.016) | 0047 | (0.108) | (0.056)

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

3.7 FM Series {(Molded type)

v, avee] MAX.[MAX. | MIN. T mm -
Cap. voitse | ESR 1a [ ' Dimensions (inch) Weight
Catalog NBR o -
(Farad} | (V. DC} 1k;:, (mA) [ (V) |W205[{H£05 [T+05 |P£0.3 |L210 [d1+0. |[da0.1lg{02)
105 | 115 | 80 | 50 50 | 08 04 | 13
K k 0.01 . )
FMOH103Z | 001 | 55 | 300 |0015) 4.2 | 413) | 10.453) | (0.197) |(0.997) | (0997} | (0.020) | t0.018) |(0.06)
105 | 115 | 50 | 50 50 | os 04 | 13
FMOHZ23z | D022 85 | 200 10033] 42 |\ 4131 | 10.453) | 0.197) |(0.197) | t0.197) | 10.020) | 0.016) |(0.048)
- 105 | 115 | 50 | 50 50 | 05 04 | 13
! . 0
FMOH473Z | 0047 | 85 | 200 00711 42 115 413) | 0.953) | (0197 |(0.197) | 0.197) | 0.020) | t0.016) |10.0a8)
105 | 115 | 65 | 50 50 | 05 04 | 16
) . 1 :
FMOH104Z | 01 | 85 | 100 1035 | 42 | 1 413) | (0.453) | (0.256) | (0397} | (0.197) | (0,020} | ©0.016) |(0.058)

Note 1) Capacitance: 480 %, —20 %; 2} Weight is typical; 3) SD: Voltage holding characteristic.
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4. TECHNICAL DATA

4.1 Specification v
lem Series FA FE FS
Operating Temperature Range —~25°C ~+70°C —40°C ~+70°C ~25°C~+70°C
Rated Voltage - 55V, 11V 5.5V 55V
- - Capacitance Range B5V:0047F ~1F 0.047F ~15F 0022F~ 10 F
H 11V:0.022F~047 F
- Capacitance Tolerance +80 %, =20 % +80 %, —20 % +80 %, —20 %

ESR

See table in 3.1

See table in 3.1

See table in 3.7

Current at 30 min

See table in 3.1

See table in 3.1

See table in 3.1

i Surge Voltage Capacitance

more than 80 % of the initial

more than 80 % of the initial

the initial value

the initial value

E: Test requirement requirement
| ESR - less than 120 % of the initial | less than 120 % of the initial
: requirement requirernent
j; Current - less than 120 % of the initiat less than 120 % of the initial
- requirement requirement
Temperature Capacitance ~25°C | morethan 70 % of | —40°C | mare than 40 % of | ~25°C more than 50 % of
Characteristics the initial value the initial value 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 £70°C | less than 150 % of § +70°C | less than 200 % of | +70°C | 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 °C | within £20 % of +25 °C | within 220 % of +25 °C | within £20 % of

the initial value

ESR Shall meet the Shall mest the Shall meet the
initial requirement, initial requirement. initial requirement.
Current Shall mees the Shall meet the Shall meet the
initial reguirement. initial requirement. initial requirerment.
Vibration Test Capacitance Shall meet the initial Shall meet the initial Shall meet the initial
ESR requirerment. requirement, requirernent.
Current
Solderability At least 75 % covered by con-| At teast 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
Muoisture Capacitance mare than 90 % of the initial | within 20 % of the initial more than 90 % of the initial
Resistance vaiue value requirement
ESA lass 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 B5 % of the initial | within £30 % of the initial more than 85 % of 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 requirerment
Current tess than 200 % of the initiat | less than 200 % of the initial less than 200 % aof the initial
requirement requirement requirement

Voltage Holding Characteristics

i0
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FY {FYD, FYH, FYL), FM

FR

3.5V and 6.5 V series

Test Conditions

—25°C ~+70°C

—40*C ~+85°C

—258°C ~+70°C

55V 55V 35V 6.5V
FYD:0.022F ~2.2F 0022F~10F 0.043F|0.056 £(0.022 F|0.027F | Refer to Measuring Method {P.12}
FY#:0022F~10F
EYL:001 F ~0.047 F
FMM;: 0.01F ~ 0.1 F
+80 %, —20 % +80 %, —20'% +80 %, —20 % Refer to Measuring Methad {P.12)
See table in 3.1 See table in 3.1 See tabfe in 3.1

See table in 3.1

See table in 3.1

See table in 3.1

more than 90 % of the initial
requirement

more than 90 % of the initial
requirement

more than 90 % of the initial
requirement

less than 120 % of the initial
requirement

less than 120 % of the initial
requirement

tess than 120 % of the initial
requirement

less than 120 % of the initial
requirement

less than 120 % of the initial
requirement

less than 120 % of the initial
requirement

Surge Voltage: 6.3 V,
Temperature: 70 £ 2°C
(FR Series 85+ 2°C)
1000 cycles

Charge: 30 sec.
Discharge: 9 min 30 sec.

"25°C | more than 50 % of | =25 °C | more than 50 % of | —25 °C | mare than 50 % of
the initial value the injtial value the initial value
less than 400 % of less than 400 % of less than 400 % of
the initial value the initial value the initial value

- —40 °C | mare than 30 % of -
the initial vaive
less than 700 %
of the initiai value

+70 °C | less than 200 % of | 485 °C | lessthan 200 % of | +70 °C | 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}

+25 °C | within £20 % of +25 °C | within *20 % of 425 °C | within +20 % of
the initia) value the tnitial value the initial value
Shall meet the Shall meet the Shall meet the
initial requirement. initial requirernent. initial requirement.
Shal] meet the Shall meet the Shall meet the
initial requirement. initial requirement. initial requirement.

Shall meet the initial
requirement

Shall mest the initial
requirement.

Shall meez the initial
requirement,

Freguency: 10 ~ 55 Hz/min,
Time: 2 hours each for
3 directions (total 6 hours}

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

At least 756 % covered by con-
tinuous new solder coating

At least 75 % covered by con-
tinupous new salder coating

Temperature: 230 £ 5°C
Time: 5 £ 0.5 sec
immersing the 1.6 mm (FA
series: 2.5 mm} of jead
terminagl,

Shall meet the initial
requirement. .

Shall meet the initial
requirerment.

Shall meet the initial
requirement. ’

Temperature: 260 £ 10°C
Time: 10 = 1 sec '
immersing the 1.6 mm (FA
series: 2.5 mm) of lead
terminal.

Shall meet the initial
requirement.

Shail meet the initial
requirement.

Shall meet the initial
requirement.

Temperature: —25 :C (FR-FE:

0°C)
470 °C (FR: +85 °C)
5 eycles

within 20 % of the initial
value

within +20 % of the initial
value

within £20 % of the initial
value

less than 120 % of the initial
requirement

less than 120 % of the initiai
requirement

less than 200 % of the initiai
requirement

less than 120 % of the initial
requirement

fess than 120 % of the initial
requirermnent

less than 120 % of the initial
requirement

Temperature: 40 + 2 °C
Relative Humidity: 90 ~95%

Time: 240 hours

within £30 % of the initial
value

within £30 % of the initial
value

within +30 % of the initial
value

less than 200 % of the initial
requirement

less than 200 % of the initial
reguirement

less than 300 % of the initial
requirernent

tess than 200 % of the initial
reguirement

less than 200 % of the initial
requiremnent

less than 200 % of the initial
requirement

Temperature: 70 £2°C

(FR: 85 °C+2°C}
Applied Voltage: Rated Voltage
Series Resistance: 0 2
Time: 1000 hours

Voltage between terminal
leads shall be higher than
4.2 V.

Voltage between terminal
leads shall be higher than
4.2 V.

Voltage between wrminal
leads shal! be higher than
4.2V,

Charge Applied Voltage: BV
Time: 24 hours
Discharge | Time: 24 hours

11
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4.2 Weasuring Method
(1} Capacitance

Capacitance can be caiculated using

ured from the circuit diagram.

.
=— (F
c Hc[]

Ec : 3.0 V. DC for Rated Voltage Code OV (3.5 V)
- 5.0 V. DC for Rated Voltage Code OH {8.5 V)
- 6.0 V. DC for Rated Voitage Code 0J 6.5 vV}

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

the formula in Fig. 1 by using the charging time constant {7) being meas-

Eo Ao ¢ : Time period {sec) to reach Ve = 0.632 Eo
T Re:
% | ka FE ES Y FM ER  |35V.65V
Cap FYD | FYH |FYL S V.0
0.01F - — - - - 5k | 5k - 0022 F
0.022F 1ke - Tk | 2ke | 2xe |2xe | 2ke | 2k | ~0O056F
0.047F Tea | 1kn | 1ke | 2ke | 1ke |2k0 | 2k2 | 1k 2k&
0.1F 500 | 5100 |s100 | 1ka |50 1 — (1ka | 1k& -
0.22F 006 o000 | 200a | 5100 (5109 | — - |s0m -
0.47F 000 |100q | 1008 |200e |200@ | - - |z2008 -
1.0F 510 | sta L1ooa {100 |1002 | - - |00 -
1.4F — - - 200 © - - — - -
1.5F - 51 8 - - - - - - -
2.2F - — - 100 § - - - _ -

Fig. 1 Capacitance Measurement

{2) Equivalent series resistance (ESR)
A measuring circuit and formula are shown in Fig. 2.

ESR = e (&}
102

10mA

f:

1 kMz

c.l.

Fig. 2 ESR Measurement

(3) Current {at 30 minutes after charging)
A measuring circuit and formula are shown in Fig. 3.
Current shail be calculated from the equation below.

Prior 1o measuremen

t, both lead terminals must be shart-circuited for a minimum of 30 minutes.

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

Eg: The same as 4.2 (1) above

Rc : 0.01F to 0.056F 1,000 2
0.10t0 0.47F
1.0F 10 2.2F

12

100 £
100 £

Re

¥

Cusrent =

Fig. 3 Current Measurement

VR

% 10% {mA}
c
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4.3 Charge/Discharge Characteristics
{1) Charging characteristics
Charging characteristics of 5 V, 0.047F is shown in Fig. 4.

{2)

5 5V 0.047F
Y

= 4 /// 20 2
2 3l-A Lov Lc
g / °r T
sz

SUPERCAP FEOH473Z

0 1 2 3 4 5 6 7 8 9 10

Time {Seconds)
0V to 5V [Rated voltagel

Fig. 4 Charging Characteristics

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

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.

Charging current (A}

FYD-Type
Applied voftage: BV
Series resistance: 1,000 &
Temperature: 25°C
100
1Y
18N
ALY
N
AN
10 \ \\
oS
LY Ay e .
X =~ . — ey
\\ =~ = FYDOH225%
3 FYDOH145
v N e FYDOH105Z
\ ~ [ FYDOH474Z
1 e S
\‘\ \\ i,y
W —— FYDOHZ24Z
N —
N FYDOH104Z -
\ T
—— | FYDOH473Z
0.1 EYDOH223Z
0.01
0 50 100 150
Time (k)

Fig. 5 Charging Current
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(3) Discharge Characteristics
Only a figure for discharge characteristics of FYDOH473Z is mentioned typicaily 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 lager section of Capacitance Selection Method.

Voktage (V)

14

50

4.0

30

2.0

1.0

Charging: 5V, 0 £, 24 Hr

1 \\\\‘H:jf%:\\
i N ]
\ \\\\‘\\\\\\\\\\.
hl-'\ \\ \\ \\ N M \
NN E \\ \\ \\
N - \
N A Y \\\ NN \‘
N NN N TN
N N [N \
\ N \
\ N
100 5) 150 wAY | (20 wAl| (10 uAd (6 wA) (2 pA) (1 #A)
0.1 1 10 100 1000

Time (Hr}

Fig. 6 Load Discharge Characteristics of FYDOH4732
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{4) Self discharge characteristics
Self discharge characteristics shown in Fig. 7.

. 5.0
N
—auy
B —'_"i—u
) = \ -—-.___---._________ FYDUHT
< 40 RS - 05z
g — £
YDOH47
[
S 3.0 32
S
&
4] Applied voltage 5V, 24 hours
Series resistance 0 O @ 25°C
2.0
[ T [ 1
0 1\ o % u« 500 1000

Time {Hr}

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. B shows capacitance and ESR change during 15,000 charge/discharge cycle fife test.
The time period is 30 sec on charge and 30 sec¢ on discharge with no series resistors connected:

Capacitance change ESR change
10
4
O e 5V, 1€
#® I 3
o —r— -
E —10 =}
E 2
-20
1 BV.1F
3000 6000 8000 12000 15000 i 7 T
Cycles 0 2000 6000 9000 32000 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 ail.

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

15
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{2} Life testat maximum operating temperature
Capacitance and ESR change at life test, are typically shown in Fig. 9, Fig. 10 and 11,
The test conditions are more severe than NEC guarantee specification.

100 - 55V @E°C x:55V@T0°C
+10 e: 55V @50°C x:B88V@70°C
0 = 2
g \""—1—-_.
— ™~ I
g o '--..g______dl_h ™~ .
O & G
2 ~50 I\,\\ x 1
N o
\ 1]
F3 e~ — wett—]
- -—-"b— =
-100 0 i
100 1000 10000 50000 100 1000 10000 50000
Time {hr} : Time {hr} o
Fig. 2 Life Test Data (FAQH1052Z)
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(3) Storage life at high/iow temperature
Fig. 12, 13 and Fig. 14, 15 are typical storage life test data at 85 °C for 1,000 h and —40 °C for 500 h respec-
tively.
The test conditions are more severe than NEC guarantee specification.

Capacitance change ESR change
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4
o
z N @
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w
—20
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Fig. 12 Storage Life Test Data; at 85 °C {FAOH1052)
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Fig. 13 Storage Life Test Data: at 85 °C (FYHOH473Z)
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Fig. 14 Storage Life Test Data; at —40 °C (FAOH1052}
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Fig. 15 Storage Life Test Data: at —40 °C (FYH04H4732) 17
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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.
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Fig. 16 Moisture Resistance Test Data {(FAOH1052)
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Fig. 17 Moisture Resistance Test Data (FYDOHA4732)
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45 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 °C.

Capacitance change

£5R change
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/ SVF
-0
//
——
. \‘\
- 0 25 70 25 0 25 70
Temperature (°C) Temperature °C)
Fig. 18 Temperature Characteristics (FAQH105Z}
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Fig. 19 Temperature characteristics (FYDOH473Z)
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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 °C, +70 °C and +25 °C per each cycle. Fig. 20 and
Fig. 21 typically show more extensive test result from 10 cycles of —30 °C to +85 °C_ {test A} and 10 cycles of
~30°C to +100 °C {test B).
No degradation was found in these tests.

Capacitance change ESRA cha!-\ge
10 3
— 1A} (B}
£ 0 — 2
Q = i =)
2 ] \ T 5
-10 \\ o
1Al (B)
0
Initial After initial After, initial Ater Initial After
Fig. 20 Thermal Cycling Test Data; 10 Cycles (FAOR105Z)
100
(Al
+10Q -
—_ (A), ]
& I Sy | e
3] o = .
"G Fre—— o 0
a [ ] @
“"""‘-‘,
~10
¥nitial After
nita 2 o

I nitiat After @

Fig. 21 Thermal Cycling Test Data; 10 Cycles {FYDOHAT3IZ)
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{3) Vibration/Mechanical shock test .
Typical change in capacitance and ESR af'Eer the tests are shown in Fig. 22, 23 and Fig. 24.

{apacitance change ESR change
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Fig. 22 Vibration Test; 10 Hz to 55 Hz, 6 Hours (FAOH1052)
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Fig. 23 Vibration Test: 10 Hz to 56 Hz, 6 Hours {FYDOHA473Z)
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Fig. 24 Mechanical Shock Test; MiL-STD-202E, Method 205 {FAQH1052)
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5. APPLICATION NOTES

5.1 Major Power Interruptions

Major power interruptions are iliustrated in the table below. Among them,

less than a few minutes.

Major Power Interruptions

the most frequent power outages range

TIME PERIOD

CAUSES OF INTERRUPTION

FREQUENCY

Second(s)

Service interruption {Natural phenomena,
trouble in pawer systerm)

Disconnect (Accidental)
Main Power Voltage Drop

intermittent contact

Very frequent

Minute{s}

Battery replacement
Disconnect {Accidental)

Service interruption (Natural phenomena,
construction)

Rermoval of apparatus (indoor)

Freguent

Hour{s)

Service interruption (Natural phenomena,
construction)

Removal of the apparatus {indaor)
Trouble repair of apparatus

Car battery replacement

Infrequent

Dayls)

House-moving {long distancel

Weekends

Infrequent

Frequent

Week (s}

Stoppage of power supply during
holidays and summer vacations

!
i
|
!

1 ~ 2 times/year
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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:

e Voltage level {minimum to retain memory or standby conditions)

Duration of power outages expected (or time on “Standby power’'}
Shelf and operational life expecied {or the needs for maintenance)
Storage and operating range, and other environmental considerations

Current requirements {minimum to retain memory of standby conditions)

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

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

It is suggested that FA, FE, F§, FR, FY, and FM Series SUPERCAP should be sefectively used as follows:

{See Fig. 25)

FA and FE Series: Medium to large current {60 miliampares or mare) for short time backup applications.

FS Series: Small current (less th iliampares) for several minutes backup applications.
FR, FY,and FM Series: Very small current {less than 500 pA) for several weeks backup aw

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

27, 28 for detailed hackup time capability.}

1A
100 mAKS £a
L re
10 mA [~
FS
1mA L

100 pA

Initial backup current

Backup Time

Fig. 25

)\ .
Jsec  10sec  100sec W iy j0n 100R ¢ 1 Mh
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5.3 Backup Time Capability

Relation between backup current and backup time period is given

yoltage drop: 6V -+ 4.6V

Voltage drop: 10V =9V
10 o T 10 ~ o .
. ST IS, N N
v N AY A k
A \\ '(\ A \\ N
N
N ) O'S-\C%} \\ i
R \C= QS' tt) 3 = 1 \ NI \
“ _‘;:,%_;%;:@: 5 & R
o o] o \ e LY
£ () \ LY Y
; ) X £ >
2 ) = TN\
=] \ =¥ ™ > A3
2 \ I 2 QRS E
o ] = i
& 0.1 : : & 01 \ ".‘ =
¥ { :
1 1 |
{ 1
| .
0.01 l 0.01 °
1 10 100 1000 1 10 100 1000
|mitial Backup Current (mA) tnitial Backup Current {mA)
Fig. 26 (a), {b) FAand FE Series Typical Backup Time Capability (for Microcomputers)
Voltage drop: 5V —+ 4.5V
10 -~ o S T
5 ..
= < Vaoltage Drop 5V =2V °
Y N for CMOS RAM application A
M N M -
_ \\ J-ND N\
] N NN \ 1000H il
—-— X 1 T e
[+] X X  gup—— =
2 L1 A% 3 ]
= A WY - 5 19 e
g \‘ LY = M ™~ LT
= R ¢ | RSN
2 E‘Kéw BARR ¥ 100 a0 : b ;\\\t‘i's,L
=] | g \ G
-‘é i 2 - N e’3y
8 0.4 et Y g ANEANNE T R ohtes
fas] 1 1 \ m NN \ \\ m,g\\;\e- o
1 N ~ ol ]
) } “'\ \ 10 RN o%ﬁ?’zﬁ‘}\\\
A, TN
[ @f"—.{g,' 3
o, RN
k\ k 6{3:’:? \\ N,
R | TH —~
0.01 | A 3 N
1 10 100 1000 .01 0.1 1 10 100 1000

Initial backup current (mA)

Fig. 27 FS Series Typical Backup Time Capability
(for CMOS Microcomputers}
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initial backup eurrent {uA)

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 averal hundred to 1 A, use the following Formula {1} below to determine the
capacitance.

This is applicable for FA, FE and FS series.

Charge

| Discharge
L § =" {Backup)
E 1
- =0 1 Vdrop"'ﬂ'x'
AV
Venin
thackup
1
Cap = \Xbackue | ) _ 1)
AV —~ Vdrop

where
AV = Eg — Vmin

Min. Werking Voltage for Ldad
Working Voltage Range for Load

| : Backup current [A}
thackup : Backup time [secl
=) : Charged voltage [V]
Vdrop = R*x | V]

* The following is value for R.

R

Catalog NBR (’TYF’F.() ) Catalog NBR (TYP. (@)
FAQH473Z 13 FSOH473Z 9
FADH104Z 4 FSOH104Z 3
FAQH224Z 3 FSQH224Z
FAQOHA74Z 2 FSOH474Z 35
FAQH1052 1 FSOH1052 2
FA1A223Z 20
FATA104Z 4
FATA224Z 1.7
FA1A4742 1.2

@ FE's value is equal 10 FA's.
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Load Discharge Characteristics for Capacitance Selection

® FR Series

Charging: 5V, 00,24 H Charging: 5V,08,24 H
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e FYH Series

Charging: 5 V,0 8,24 H
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Fig. 30 {e} FYHOH474Z
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e FYD Series

Charging: 5V, 0 82,24 H

: il
u\ M ""-.\ »
4.0 = MR
; INENMEN
g = 30 BN
B |
o N N
) g’ 2.0 100 s 150 1oAY [30 A0 (36 Ak (5 ] 12 1 i)
a
- 10
0
0.1 1 10 100 1000
Time (Hr)
Fig. 31 (a} FYDOH2232
Charging: 5V, 0,24 H
5.01TIE ST T ]
ST
4.0 : Pl v
N
\ N N
-~ 30
> \
g’ 2.0 00 id (50 wAT E20 AT 11 HIS‘;-A 12 kA €1 pA)
©
Z 1.0
0
0.1 1 10 100 1000
Time (Hr}
Fig. 31 (c} FYDOH105Z
Charging: 5V, 08,24 H
5.0 e e ] |
T T Ly gy
40 '1\1 EEING
. X N
\\ N it NI
S 30 3
g I\ LN
z 2.0 00 AT (50 5A) | | 1410 nod 5 pal 12 uAd 11 pal
_O (28 wAY
> i
1.0 {
]
Q.1 1 10 300 1000
Time {Hr)
Fig. 31 (e) FYDOH474Z
28

Voltage (V)

Voltage (V)

Voltage (V)

Charging: 5V,0 2,24 H

5.0 - *—*\\G_:]-\—_\
it Nt "\""- i
NI \\\
30 : P
|
' ] \ N h
2'0 N0 uA] 150 uAl [t BAT 15 pAl 12 padlis pad
1.0
1]
0.1 1 10 100 1000
Fig. 31 (b} FYDOH473Z
Charging: 5V,0 £, 24
5.0TF== e ]
TR R[S AR i
4.0 .‘:\\ ‘\N\\P\ "Q:\\"‘-
' NN TR
+ N N
N
3.0 ; N 1 N
i O
2'0 i (100 A 150 1Al 120 gAY 1D pAL 5 pANHZ pal (1 uAk
1.0
1] . 1
0.1 1 10 100 1000
. Time-{Hr}~-- s
e T \ 0
4 Fig. 31 (d) FYDOH224Z
Charging: 5V, 0 £, 24 H
5.0 . L] i
RS St Y
0 N NIH NI
1 NN
3.0 i
N
20 | ! nm.‘}ms:u Im\u-!l }o..‘n) :«\N L]
it BTN
| ) i
1.0 Ry ~ i
o |
o) RLH | i i
0.1 i 10 100 1000
Time (Hr)

Fig. 31 {f} FYDOH105Z

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 92



Charging: 5V,0 8,24 H
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5.5 Backup Circuit
Basic circuit diagram in use of the SUPERCAP is shown in Fig. 33.

. Current limited resistance

L - Load
SUPERCAP

— 1

Fig. 33 SUPERCAP Basic Circuit

The diode shatl be placed to isclate the primary power supply from the SUPERCAP during power intarruption.

The backup time capability of the SUPERCAP depends on the current magnitude of the load circuit. For the
purpose of retaining data during powsr 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.

+B5 vV ON-CARD

X 3-TERMINAL 8-+ +15
+
+5V, BUS *zz |REGULATOR f% V.D.C.

+lSUPEHCAP

MEMORY -

+ SUPERCAP

L MEMORY _

w7

Fig. 34 Possible Backup Configuration {A) Fig. 35 Possible Backup Configuration (B)
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5.5.1 Example Application of Supercap

+5V
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RAM

GND

vce vee
cs cs

BRAM j RAM

GND GND
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RAM j
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I
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it Gy

to CPU
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o g Vs 28]
T
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Fig. 36 Memory Backup Circuit Diagram

System controller
microcompeter

XT1  XT2
Lo
¥ =

T

T Ti7

Fig. 37 VCR Micracomputer Application Circuit
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. LPF PPO
Digital, S0-8151{ 186 Display Unit
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T
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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 Uptcl A Actuator applications Actuators FA and
supply {Large currentin a Relay/Solenoid starter FE Series
short peried) lgniters
Primary power supply Handheld toys
for LED displays, toys, Displays, Smoke detectors, Alarm
electric buzzer ete. devices, Emergency display
Medium Up to 50 mA Secandary power Car radio back-up at the engine start, FS Series
capacity power source far undesirable etc, 385VB5V
supply valtage drops Series
Motor Start VCR, Video disk {FSH)
Record player
Power backup Less than CMOS Microcomputers Phones (Memory dial, Auto-answering) FY Series
for primary 500 pA Electric cash registers FYD Type
power cutages Electric typewriters FYH Type
Computer terminals FYL Type
Automatic measuring instruments 3.5Vv-685V
etc. Series
CMOS RAMSs Digital tuning autio system (FYD)
ICs for Clocks {LW-MW-FM Radio, Car Radio, Stereo, FM Series
etc.)
Prograrmmable consumer electronic
praducts
[VCR, Microwave oven, Games, etc.)
& CMOS RAMs Measuring instruments FR Series
ICs for Clocks Automatic control
» High operating Communications
" temperature {85 °C) Car
{Other Possible Applications}
Pragrammable thermaostat, Medical Electronics, Copiers, Vending machines, Automatic Electricity Counters, Traffic signals,
Taxi Meters, Fusl Management Systems, Process Monitoring or Controf, Sateliite Communications, Military Electronics,
Avionics, Intercom, Portable “‘Battery” Operated Equipment, Fare collection Systern, POS Terminals, Mail Sorters, Scale,
Flow metering, Electronic Slot Machines, Water Heat Controllers.
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Typical test results for the actuat backup time capability are listed in the table below.

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

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

HPDASZEEACLL 1.2 uA or les FYHOHA473Z 50 b

(266K bit CMOS RAM) < aaariess ours
uPD1708C 10 A or less

FYHOH224Z 40 h

{CMOS LSI for PLL Tuner} {withput clock) 0 hours

PD75216A 8 uAorl
# ) KA orless EYHOHA473Z 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 paralle] 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 voltage 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} Dueto rélative!y 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 ditute sulfuric acid is moisturized to the activated carbon.

{4) Although SUPERCAP has no polarity, it is suggesied to take the fonger 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 afier 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 soivent is allowable.

34
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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 eIt_actric double layer capacitor arises from the charge stored at
the interface by the changing electric field between two availabie phases. In the SUPERCAP, one phase is the
activated carbon particle. The other phase is sulfuric acid solution, as an ionically conducting elecirolyte,

The charge distribution at the interface is illustrated in Fig. 39 {a}, Fig. 39 (b) shows that with electric field
applied. )

Electric double layer
———

Electric double layer @ @
e

liguid —

@ (—D @ @ Z__electrolyte

Activated carbon (—B 6_,.,.,_._

liquid

electrolyte

@
Sk

Fig. 39 (a) Fig. 39 (b)
Fig. 39 Electric Double Layer

The basic model of SUPERCARP is shown in Fig. 40.

GAS) oD B 6 DD
® |3 DS

O R R

&8 atie

®|O ol > glie IS
® B|S S

o 5 (3 S

OIS IS,

SIS S|® Electric double layer H IO DS

Bo+|

|
!
!
|
!
i
1
1
i

Potential 8t zero valtage

Potential with voltage applied

Fig. 40 Basic Model of SUPERCAP
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The charges per unit area ‘N" is calcutated by the formula {4), where 'd’ represents a dielectric constant, & signifies
the distance from a solid surface 1o the center of ions and ‘¢’ represents the electric potential of double layer.

When the externa! electric field is applied, electrical charges are accurmmulated at the interface. As a result, ‘bp’
becomes ‘@ * and the charges increase to Ny " as shawn in formula (8).

N1=

PR 0] e (6)

In other words;

Ny = 2N02—:} (B1 3 80} -+ c v e e (7)

Since the order of ¢g is & few mili-voit, 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 reai 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 noncanductive 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 ceil can be as low as 1.2 volt. This is the decomposition voltage of adueous
electrotyte solution. Therefore, several unit cells are stacked in series to get the required rated voltage.

Fig. 42 and 43 itlustrate the cross section of the SUPERCAP.

/Melal can

Eiectraconductive rubber or plastic

_l
1
I

— o1

Unit celis

rupber gasket tnsulater

\\/

{Z Y T EI T 2 T LT A

1
!
I
I
1
I=— Nonconductive :
1
|
|
!
I
¥

ARTARALAN

3,
/ i
lon permeabie separator @
Insuiation sieeve

Activated carbon moisturized by electrolyte ,
Lead terminals

Fig. 41 SUPERCAFP Unit Cell Fig. 42 Cross Section of the Can Case Type
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Motded polymer

Lead terminat

| ]

Unit cell

R

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 Progess and Quality Control

@ Can Case Type

NI

—O—0—0—0 F]o

38

Materials/Process
Activated Carbon
Electrolyie
Mixing
Electroconductive Rubber
Nonconductive Rubber Gasket
{on Permeable Separater
Unit Cell Assembly
Vulcanization
Finished Unit Cells
Series Stacking of Unit Cetlls
Metal Can, Insulator, Leads, etc.
Casing and Cautking
Insulation Sleave (Marking)
Sleeving
100 % Burn-in

100 % Inspection -

Qutgoing Inspection (sampling)

Major Control ltems

Particle size distribution, Purity

Electroconductivity, Purity

Mixing Ratio

Electroconductivity, Mechanical strength
Mechanical strength

Mechanical strength

Ambient {Temp, Humidity) conditions

Yulcanization Temperature

Hermeticity

Stacking Pressure, Qutlook

Outlock, Dimensions, Plating thickness
Caulking pressure, Dimensions
Dimensions, Qutlook

QOutleok, Qven 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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e Molded Type (FM Series)

NN RN M AN

Materials/Process
Activated Car_bon
Electrolyte
Mixing
Electroconductive Rubber
Nonconductive Rubber Gasket
ton Permeable Separator
Unit Celt Assembly
Vulcanization
Finished Unit Cells
Series Stacking of Unit Cells
Lead Terminals
Molded
Marking
100 % Burn-in

100 % inspection

Taping

Outgoing Inspection (sampling)

Major Control Item

Particle size distribution, Purity
Electroconductivity, Purity

Mixing Ratio

Electroconductivity, Mechanical strength
Mechanicat strength

Mechanical strength

Ambient {Termp., Humidity) conditions
Vulcanfzation Temperature
Hermeticity

Stacking Pressure Qutlook

Dimensions, Plating Fhickness

Qutlook, ESR

Temperature, Qutiook

Temperature, Voltage, Time

Capacitance, ESR, Charging Current, Voltags holding
characteristics, Dimensions

QOutlook, Dimensions

Capacitance, ESR, Charging Current
Voltage hoiding characteristics, Dimensions
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Reasoner et al. : Date: __10/05/94
Serial No. (to be assigned) :  Art Unit: (to be assigned)
Filed: (herewith) :  Examiner: (to be assigned)

For: System And Method For
RAM Power and Data
Backup Utilizing A
Capacitor And ROM

APPOINTMENT OF ASSOCIATE ATTORNEY

The Commissioner of Patents and Trademarks
Washington, D.C. 20231

Sir:

The undessigned attorney, who has been appointed as an attorney in the Combined
Declaration and Power of Attorney for the above-identified application, hereby appoints Robert
Greene Sterne, Esq. (Registration No. 28,912) and Edward J. Kessler, Esq. (Registration No.
25,688), of Sterne, Kessler, Goldstein & Fox, 1100 New York Avenue, NW, Washington, D.C.
20036, (202) 371-2600 his associate attorneys to prosecute said application and to transact all
business in the Patent and Trademark Office connected therewith.

Respectfully submitted,

o b Gl

William W. Cochran II
Registration No. 26,652
Telephone No.: (303) 229-7239

HEWLETT-PACKARD COMPANY
Legal Department, 20B0

P.O. Box 10301

Palo Alto, California 94303-0890
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

| SERIAL NUMBER ! FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. |

R/ 322,508 1a/13/794 REASUNER kK 102445891

[ EXAMINER |
WO D
25l /0465 ;

CECORDS MANARER T ARTUNIT | PAPERNUMBER |

LESAL DEPARTMENT 200 x5

HERLETT-FACKARD CDHPANY

B D BOX 1301 251l

PALD ALTO ThA Z2303- ngon DATE MAILED:

QA/05/95

This is a communication from the examiner in charge of your application, -
COMMISSIONER OF PATENTS AND TRADEMARKS K
l:l This application has been examined D Responsive {0 communication fited on I:I This action is made final.
A shortened statutory pericd for response to this action Is set to expire . manth(s), W il'e) days from the date of this lefter.

Failure to respond within the period for response will cause the application to beceme abandoned. 35 U.S.C. 133

Parti THE FOLLOWING ATTACHMENT(S) ARE PART CF THIS ACTION:

1. D Notice of References Cited by Examiner, PTO-892. Notice of Draftsman's Patent Drawing Review, PTO-948,

2, []
3. ] Notice of Art Cited by Applicant, PTO-1449. 4. [ Notice of Informal Patent Application, PTO-152.
5. 1] Information on How 1o Effect Drawing Changes, PTO-1474.. 6 ] :

Partll SUMMARY OF ACTION

1. Bﬁaims !'—[ 53 are pending in the application.
Of the above, claims W _ are withdrawn from consideration.

2. E‘ Clalms, ‘ have been cancelled.

3 l:l Claims | are allowed.

4, D Clairms . are rejected.

5. [:] Claims are objected 10,

6. E/CIaEms i"" 3 _ are subject 1o restriction or election requirement,

7. D This application has been filed with informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.
8. EI Formal drawings are required in response to this Otfice action.

9, D The corrected or substitute drawings have been received on'_ . Under 37 C.F.R. 1.84 these drawings
are [lacceptable; [ not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948).

10. El The proposed additianal ar substitute shest(s) of drawings, filed on . has (have) been [lapproved by the
examiner. {1 disapproved by the examiner (see explanation).

11. El The proposed drawing correction, filed  hasbeen [Japproved; [disapproved (see explanation).

12. |:| Acknowledgement is made of the claim for priority under 35 UL.S.C. $19. The certified copy has L] been received [ not been received
[ been filed in parent application, serial no. ; filed on

13. I:! Since this application apppears to be In conditlon for allowance except for formal matters, prosecution as to the meils is closed In
accordance with the practice under Ex parte Quayle, 1935 C.0. 11,453 O.G. 213.

14. 1 other

EXAMINER'S ACTION
PTOL-326 (Hev. 2/93)
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gerial Number: 322,808

At Unit: 2511

Restriction to one of the following inventions 1is required
under 35 U.S5.C. § 121:

I. Claims 1-4, drawn to & random access memory backup
gystem utilizing a RAM, a capacitor a read only memory, and
processing means, classified in Class 365, subclass 149.

11. Claims 5-13, drawn to a method for backing up utilizing
the steps of determining, backing up: and restoring, clagsified
in Class 365, subclass 226.

The inventions are distinet, each from the other because of
the following reasSons:

Inventions Group I (c}aim 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
cage 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 ~3-

Art Unit: 2511

their different classification restriction for examination
purposes as indicated is proper.

Applicant is advised that the response to this reguirement
to be complete must include an election of the invention to be
examined even though the reguirement 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 omne 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 thig communication should be directed

to Do H. Yoo at telephone number (703} 308-4908.

er
00 HYUN YOO

PRIMARY EXAMINER
GROUP 2500

Yoo/tj oWy

March 30, 1985
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Epwanrb J, KESSLER
JORGE A. GOLDSTEIN
SAMUEL L. Fox

Davip K.5. CORNWELL
ROBERT W, ESMOND
TRACY-GENE G. DURKIN
MICHELE A. CIMBALA
MICHAEL B. RAY
ROBERT E. 50KQHL
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MICHAEL Q. LEE
EVELYN H. MCCONATHY
ERIC K. STEFFE
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JOHN M. CovERT*
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, KESSLER, GoLDSTEIN & Fox
ATTORNEYS AT LAW
SUITE 600
NOO NEW YORK AVENUE, M.W, T 4
WASHINGTON, D.C. 20005-3934 )

{Z202) 371-e6CoO
-
g SiJEﬁ TELEFAX: (202) 371-2540
i995 INTERNET: skgf@capcon.net
BALTIMORE
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BALTIMORE, MARYLAND 2i202
410} 659-7570

FE:
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MICHELE A, VAN PATTEN"

Linpa E. ALCORN
BRADLEY J. OLSON

JAMES L. LEwIs*
OF COUNSEL

*BarR OTHER THAN D.C

May 5, 1995

Assistant Commissioner for Patents
Washington, D.C. 20231

Re:

Sir:

U.S. Utility Patent Application

Appl. No. 08/322,808; Filed: October 13, 1994

For:
Capacitor And ROM

Inventors: Reasoner et al.

Our Ref : 1094458

CAa_
257

DONALD f. FEATHERSTONE
ROBERT A, MILLMAN
STEVEN R. Lubwic
LAWRENCE B. BuGalsKky
RAz E. FLESKNER

KAREN R, MARKOWICZ
DREW GRANSTON
GREGCORY P. EINHMORN
MICHAEL V. MESSINGER
Davio C. 1SaacsoN

REGISTERED
PATENT AGENTS

WRITER'S DIRECT NUMBER:

(202) 371-2550

System And Method For RAM Power And Data Backup Utilizing A

Transmitted herewith for appropriate action are the following documents:

1.

2.

Response to Restriction Requirement; and

Three Return Post Cards.

It is respectlully 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, GOoLDSTEIN & 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.

ReSpectfuIIy sub 1tted

/S'FERNE’&ESS’L R, GOLDSTEIN & FOX

orney fopApphcants
Registration No. 25,688

EJK:alw
C:EJKM245183.CVR
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE / z ?\5’—

Jmoﬁv

In e application of: /¢ <! A
Reasoner et al. Art Unit: 2511
Appl. No. 08/322, 808
Filed: October 13 usgzi* )

For: System And Method For RAM
Power And Data Backup
Utilizing A Capacitor And ROM

Examiner: Yoo, D.
Atty. Docket: 1094458

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 ¥ , 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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-2 - Reasoner et al.
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.

Date: /’)//9//9 5/

1100 New York Avenue, N.W.

Suite 600
Washington, D.C. 20005
(202) 371-2600

EJK:alw
C:\EJK\1245183.REQ

Respectfully submitted,

STERNE, K@SSLE}@DSTEIN & FOX

ward J./Kessler ;
Attome{ for Applicants
istration No. 25,688
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UNITED STATES DEPARTMENT OF COMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Whashington, D.C. 20231

[SERIALNUMBER | FILING DATE | FIRST NAMED INVENTOR T ATTORNEY DOCKET NO. |
po/ETE.E08 10713794 REASOMER ; K 10944551
i EXAMINER |
Yo, IF
- - ,
RECORDS MANAGER 25M1 70524 [ ARTUNIT _| PAPERNUMBER i
LEGAL. DEPARTMENT 20BO £
HEWLETT-PACKARD DOMPANY
P o0 BOX 10301 2511

PALO ALTO A 94203-033910 DATE MAILED:

. 0S/24/95
This Is a communication irom the examiner in charge of your application.

COMMISSIONER OF PATENTS AND TRADEMARKS

ms application has been examined MSponsive {0 communication filed on L ] g D This action is made final.

A shortened statutory pertod for response to this action Is set to expire S month{s}, days from the date of this lefter.
Failure to respond within the peried for response will cause the application to become ahandoned. 35 U.8.C. 133

Parti THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

i{tice of References Cited by Examiner, PTO-892. E@ics of Draftsman's Patent Drawing Review, PTO-948.

1. 2.
3. Notice of Art Cited by Applicant, PTO-1448. : 4. D Notice of Informal Patent Application, PTO-152.
5. EI \nformation on How to Effect Drawing Changes, PTO-1474. &. D
Partll SUMMARY OF ACTION
1. Claims, \_“' \ D) are pending In the application.
0§ the abave, claims %_;_af‘_'_— ! g ) are withdrawn from conslideration,
2. D Claims, have been cancelled.
3. D Claims are allowed.
4. Claims 1“"4/ are rejected.
5., E] Claims are abjected 1o,
B. Ckaims Cg—"‘ [ ’3 are subject o restriction or election requirement.

7. ET{sappﬂcaﬂon has been filed with informal drawings under 37 G.F.R. 1.85 which are acceptable for examination purposes.

8. I:] Formal drawings are required in response to this Office action.

9. D The corrected or substitute drawings have heen received on _ Under 37 C.F.R. 1.84 these drawings
are [Jacceptable; [1not acceptable (see explanation or Natice of Draftsman’s Patent Drawing Review, PTO-948).

Jlo D The propased additional of substitute sheet(s) of drawings, filed on . has (have) been [Japproved by the
examiner; [Jdisappraved by the examiner (see explanation).

11. EI The proposed drawing correction, filed _,hasheen [Oapproved; [ disapproved (see explanation).

12, D Acknowledgement is made of the claim for priority under 35 U.S.C. 119. The certified copy has [ been received L1 not been received
[ been filed in parent application, serial no. ;filed on : .

13, D Sines this application apppears to be in condition for allowance except for formal matters, prosesution as to the merits is closed In
accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213,

14. ] other

EXAMINER'S ACTION
PTOL-326 (Rev. 2/93)
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Serial Number: 322,808 s -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 unlegsg --

(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 c¢laimed RAM

backup system, comprising a RAM (RAM), a capacitor (Supercap), a

ROM (ROM), and processging 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 inguiry concerning this communication should be directed

Lo Do H. Yoo at telephone number (703) 308-4908.

Yoo/t vl
May 17, 1895 péf
. Bo HY;K 200
PRIMARY EXAMINER
GROUP 2580
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the Application.
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o), BoX 10301 ' . 1094458-1
P 843030850 . ATTORNEY DOCKET NO,
IN THE
UNITED STATES PATENT AND TRADEMARK OFFICE
OI(s): Reasoner, et al.

Serlal No.:  08/322,808 Examiner: Yoo, D.
Filing Date: October 13, 1994 Group ArtUnit: 2511
Title: system And Method For RAM Power And Data Backup )

Utilizing A Capacitor And ROM . \r»,;j‘"‘*i}
THE COMMISSIONER OF PATENTS & TRADEMARKS “ g9 e YW
Washington, D.C. 20231 Pk e &

Sir:

Transmitted herewith is/are the following in the above-identified application:

X3 Response/Amendment () Petition to extend time to respond
{) New fee as calculated below () Supplemental Declaration

() Noadditionalfee (Address envelope to "Box Non-Fee Amendments’)
%3y Other: _New Abstract
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By /[! ém«h é \J.,',_ 7/‘_‘/{ Y,
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deposited with the United States Postal Service as first A
class mail in an envelope addressed to: Augustus W. Winfield
Commissicner of Patents and Trademarks, Attomeymg‘ém for Applicant (S)
Washington, D.C, 20231, Reg.No. 34,046
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Date of Deposit: August 10, 1995
Typed Name:  TLaura A. Schutze
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Date: August 10, 1995
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In re application of: Z
J
Reasoner ef al. Art Unit: 2511 ° - bﬂﬁ
[ '.f--ﬂ".'. _J\:_;,i!._l i -75
Appl. No.: 08/322,808 Examiner: Yoo, D. -~ L
- . * "4 ’?.’3
Filed: October 13, 1994 Atty Docket: 1094458-1 A .
- ? i"‘ﬂ,iﬁ o
For: System and Method for RAM Gﬁ@U? 3 o ot
Power and Data Backup Utilizing a
Capacitor and ROM

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.

Tt 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:
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Amendments

In the Abstract

Please replace the abstract of the invention with the new abstract attached hereto.

In The Speciﬁcation

Page 2/line 25, lete requires” and insert therefor --require--; and

er "for", insert --only--.

Page 3, liné 6, delete Only";
p{ci’tor“, insert ~-alone--;
ter "for", insert --only--; and

', insert --for--.

Page/4, lines 15-16, delete "a previously stored copy of the" and insert therefor —the

most recent valid copy o .
Pagj[ ) at", insert --for--.

"is" and insert therefor --are--; and

/m:whlch" insert —for--.
14, line 5, aft/er/énction“, insert —of--.

Page// , line 9, delete "backup" and insert therefor --backed--.
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In The Claims
Please amend the claims as follows:

Claim 1/ line 2, aftef "RAM" insert --,--,

/o’re "voltage" insert --supply--,
liness, delete "first”, and

, chdnge "copy" to --copies—.

Claish 2, line 4, change "store" to --stored--.

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 [and said RAM], configured to convert and maintain said line voltage to said [a '

specified] supply voltage [associated with said RAM].

B

P

Claim / ine 1, change "processor" to --processing--,
line 5, delete "a most valid and" and insert therefor --the--,
aftef "recent", insert --valid copy--, and

line 6, ghange "copy" to --copies--.

s
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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 ail 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.

Il 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
gnaranteed for all types of power fluctoations, 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. Applicanis 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.

46T
Reglstratlon 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

N
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15

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.

Petitioner Intel Corp., Ex. 1015
IPR2023-00783, Pg. 126



UNITED STATES DEPARTMENT OF CONMMERCE
Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS

Washington, D.C. 20231

| SERIAL NUMBER | __FILING DATE __| FIRST MAMED INVENTOR | ATTORNEY DOCKET NO. |

ba/ a2k, S0g 0713534 REASONER i 10944527
EXAMINER |
Y,
2TMISLI02

RECHRDS MAMAGER i ARTUNIT | PAPERNUMBER |
LEBAL DEFARTMENT 2080 7
HEMLETT -PACKARE COMPANY
O BOX puazmol 251
PALD ALTO £A 943030530 DATE MAILED:
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5. D Claims are objected to.

6. E/Claims "f‘—-u f > are subject to restriction or election requiremeant.

7. i:l This application has been filed with Informal drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.

8. D Formal drawings are required In response to this Office action.

a9, I:] Thae corrected or substitute drawings have been recelved on

. Under 37 C.F.R. 1.84 these drawings

ara [Jacceptable; O not acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-048).

10. D The proposed additional or substitute sheet(s) of drawings, filed on
examiner; [Jdisapproved by the examiner (see explanation).

. E} The proposed drawing correction, filed

. has {have) been [lapproved by the

Jhasbeen [lapproved; [ disapproved (see expfanation).

12, D Acknowledgement Is made of the claim for priority under 35 1.S.C. 119. The certified copy has [ been recelved [ not been received

[ been filed in parent application, serial no.

; filed on

13. D Since this application apppears to be In condition for allowance except for formal matters, prosecution as 1o the merits Is closed in
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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 falling 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 basls for the rejections under
this section made in thig 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 countxry 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
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 oY
Oct. 23, 1995 A
DO HYUN YOO -
PRIMARY EXAMINER
GROUP 2500
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Paha}ﬁ[‘to, California 84303-0890 o RIS 3
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v T9EE &FnTae CQ‘Q
UNITE‘D‘ ST,BTES% NT AND TRAGEMARK OFFICE
Inventor(s):  Reasoner et al.
Serial No.: 08/322,808 Examiner: Yoo, D.
Filing Date:  (ctober 13, 1994 Group Art Unit: 2511

Title:  System and Method For RAM Power and Data Backup Utiliz
A Capacitor and ROM

THE COMMISSIONER OF PATENTS & TRADEMARKS
Washington, D.C. 20231

G
TRANSMITTAL LETTER FOR RESPONSE/AMENDMENT
Sir:
" Transmitted herewith is/are the following in the above-identified application:
(¥ ResponsefAmendmert () Petition to extend time to respond
{) Newfee as calculated below { ) Suppiemental Declaration
() Noadditionalfee (Address envelope to "Box Non-Fee Amendments”)
() Othern
CLAIMS AS AMENDED BY OTHER THAN A SMALL ENTITY
(1) @ {3) “ @) () U]
FOR CLAIMS REMAINING | NUMBER| HIGHEST NUMBER PRESENT RATE ADDITIONAL
AFTER AMENDMENT | EXTRA | PREVIOUSLYPADFOR| EXTRA | FEES
TOTAL i
CLAIMS 4 MINUS 20 = 0 x $221 $0
INDEP, = X 76 0
CLAMS 1 MINUS 3 0 $ $
[ 1 FIRST PRESENTATION OF A MULTIPLE DEPENDENT CLAIM + s240] $0
EXTENSION 18T MONTH 2ND MONTH _ 3RD MONTH 4TH MONTH s 0
FEE $11000 [T| se7000 [T 887000 [T| $136000 [
TOTAL ADDITIONAL FEE s 0
FOR THIS AMENDMENT
Charge $_0.00 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.

Respecrful[y submitted,
Kelly I Reasoner, et al.
B . [~ s
| hereby certify that this correspondence is being ¥ A L\/ ""‘-/AJ/( J
deposited with the United States Postal Service as first Augustus W. W'I nfield
class mail in an envelope addressed to: . .
Commissionar of Patents and Trademarks, Attorney)@(garxt for Applicant(s)

Washington, D.C. 20231.

Reg. No. 34,046
Date of Deposit: Jan., 11, 1996

Typed Name: Laura A. Schutze ) Date: Jan. 11, 1996

Signature:, )ﬂ% d/ wéé//mji— Telephone No.: (303) 229-3800

Rov 10/94 (Form 11.04) - Attach as First Page to Transmitted Papers -
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PFHE UNITED STATES PATENT AND TRADEMARK OFFICE

Reasoner ef al. Art Unit; 2511 /

Inre Vappl.ication of:

Appl. No.: 08/322,808 Examiner: Yoo, D.
Filed: October 13, 1994 Atty Docket: 1094458-1

For: System and Method for RAM Power
and Data Backup Utilizing a _ p—
Capacitor and ROM (= LS EE

Response and Amendment under 37 CFR §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.

Tt 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 consideratioﬁ of this‘pap er, then such
extensions of time are hereby petitioned under 37 CF.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:
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Amendments
In The Claims
Please amend the cIaims_ as follows:

ey

Claim ;Ane 1, charige "is configured to store" to --stores--, and

line 4f change "is configured to enable" to --enables--.

s

4. (Twice Amended) The system of claim 3, wherein said processing means comprises:

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 [restoring the most recent valid copy of] said first |

copy and said second copy [copies] of said data stored in said ROM to said RAM.

g e
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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.

I Rejections under 35 US.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.
IL 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 ef 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
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 deteﬁnines 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 ef 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 ef 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 mto 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.

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 ef al. does not teach or suggest the use of multiple backup copies. Therefore, it

t  cannot be employed to recover from power interruptions that occur during the backup process.
Because Sasayama ef 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.5.C. § 102(b) be withdrawn.
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Turning to rejected claim 2, Sasayama ef 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 respectfillly 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.

Registration No. 25,688

Date: January 10, 1996

1100 New York Avenue, N.W.
Washington, D.C. 20005
(202) 371-2600
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DATE MAILED:

08 A s S e
This is a communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

[:] This application has been examined msponsive o communication filed on ]“‘f 5:' E 6 E{isacﬂon Is made final.

A shortened statujory perlod for response to this action s set to expire 3 month(s}, days from the date of this letter.
Failure to respond within the pericd for response will cause the application fo become abandoned. 35 U.S.C. 133

Part] THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:

1. D Nolice of References Gited by Examiner, PTC-892. 2. D Notice of Drattsman's Patent Drawing Review, PTO-948.
3. D Notice of Art Cited by Applicant, PTO-1449. 4. L__f Notice of Informat Patent Application, PTC-152.
8. D Information on How to Eifect Drawing Changes, PTO-1474. 8. D
Partil SUMMARY OF ACTION
1. %Jims !“’\ 3 are pending In the application,
Of the above, claims _{—f! 3 are withdrawn from consideration.
2. [:I Claims. have been cancelled.
3. D Claims are allowed.
4, E/Claims J— /C[ are rejected.
5. E:] Claims are chjected to.
6. [E/Claims S_ /13 are subject {o restriction or election requirement.

7. D This application has been filed with informat drawings under 37 C.F.R. 1.85 which are acceptable for examination purposes.
8. E:l Formal drawings are required In response to this Office action,

9. E:[ The corrected or substitute drawings have been received on . Under 37 C.F.R. 1.84 these drawings
are [ accaptable; [ not acceptable (see sxplanation or Notlce of Draftsman's Patent Drawing Review, PTO-948).

16G. Ei The praposed additional or substitute sheet(s) of drawings, filed on ‘ . has (have) been [Japproved by the
examiner; 11 disapproved by tha examiner (see explznation}.

11, I:‘ The proposed drawing correctlon, filed , has been [Jappraved; {1 disapproved (see explanation},

i2. El Acknowledgement is made of the elaim for priority under 35 U.S.C. 119. The certified copy has [0 been received [ not been received
[ been filed in parent application, serial ne. 1filed on

13. D Since this application apppears to be in condition for allowance ¢xcept for formal matters, prosecution as to the merils is closed in
accordance with the practice under Ex parte Quayls, 1935 C.D. 11; 453 0.G. 213.

14. [ other

EXAMINER'S ACTION
PTCL.-326 (Rev. 2/83)
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Serial Number: 322,808 -2~
Art Unit: 2511

The following is a quotation of the appropriate paragraphs
of 35 U.S5.C. 8§ 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 ox

on sale in this country, more than one year prior to the
date of application for patent in the United States.

élaims 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 meansg 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 tc 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. Tt is
respectively requésted to note that the term "multiple copies of
gaid data" is not defined in c¢laim 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).
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A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS FINAL
ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF THIS
ACTION. 1IN 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 ACTICN.

Any inquiry concerning this communication should be directed

to Do H. Yoo at telephone number (703) 308-4908.

Yoo/t] v“"{
April 3, 1996 0o H\rU[SYOO'
PRIMARY EXAMINER
GROUP 2500
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Type: O Telephenic %onai (copy Is given to Ij,I:?piicant applicant's representative).

Exhibit shown or demanstration conducted: [ Yes 0. If yes, brief description:

Agreement (] was reached with respect to some or all of the claims in question. O was not reached.
Claimy/ discussed: {

identification of prior art discussed: Con S'“?”A.M _y& ‘1-0 o CVCE C U...&. p-&e"\é&“ o, 43 yra q)-i

1

Description of the general nature of what was agreed to if an agreement was reached, or any other commants:
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{A fuller description, if necessary, and a copy of the amendments, if available, which the examiner agreed would render the claims allowable must be
aﬂy Also, where no copy of the amendments which would render the claims allowable is available, a summary thereof must be attached.)
1.1

L 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 SUBSTANGE 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 fo provide a staterent 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 aclion, 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 -83) Examinar's Signature§ |
ORIGINAL FOR INSERTION IN RIGHT HAND FLAP OF FILE WRAPPER
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IN THE
UNITED STATES PATENT AND TRADEMARX OFFICE

Reasoner et al.

Serial No.: 08/3221808 Exan*.linegr: YOO, D.

Filing Date: October 13, 1994 Group Art Unit:
Title: Sy;stem And Method For RAM Power And
Data Backup Utilizing A Capacitor And ROM
ASSISTANT COMMISSIONER FOR PATENTS ATTN: BOX AF
Washington, D.C. 20231
/o g
TRANSMITTAL LETTER FOR RESPONSE/AMENDMENT "‘-:% LD
Sir:
Transmitted herewith is/are the following in the above-identified application:
(0 Response/Amendment { ) Petition to extend time to respond
{ ) New fee as calculated below ( )} Supplemental Declaration
(¥)  No additional fee
() Other:
CLAIMS AS AMENDED BY OTHER THAN A SMALL ENTITY
| @ o) @ oF ® @
FOR CLAIMS REMATNING | NUMRBER HIGHEST NUMBER PRESENT RATE . ADDITIONAL
AFTER AMENDMENT| EXTRA PREVIQUSLY PAID FOR EXTRA ' FEES
TOTAL
CLAMS q_ - . . MINUS 20 = 0 X $22 $ 0.00
INDEP. = X S7 .
° s 1 MINUS 3 0 $78 $ 0.00
[ 1 FIRST PRESENTATION OF A MULTIPLE DEPENDENT CLAIM + $ 0.00
EXTENSION IST MONTH 2ND MONTH IRD MONTH 4TH MONTH $
FEE I— ' l—— [_ 0.00
TOTAL ADDITIONAL FEE $
FOR THIS AMENDMENT 0.00

Charge $ .00 to Deposit Account 08-2025. Atany 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,

By A b At

I hereby cenify that this correspondence is being

- Ips
deposited  with the United States Postal Service as first Augustus W. Winfield
class mail in an envelope addressed to: Assistant
Commissioner of Patents, Washington, D.C. 20231, Attorney/Agent for App[icant(s)

Reg. No. 3#,046
Date of Deposit: June 3, 1996

Typed Name: ~ Laura A. Schutze Date: June 3, 1996

Signature‘; /}2’54’{,«&» P '%t(,,é . TEIEP}]OHG No.: (970) 229—3800
- — %
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IN THE UNITED STA

FENT AND TRADEMARK-OFFICE
Y
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R gkﬁ Unit: 2511

|2 .
" Examiner: Yoo, D.

In re application of:
Reasoner et al.

Appl. No.: 08/322,808

Filed: October 13, 1994 Atty Docket: 1094458-1

For: System and Method for RAM Power
and Data Backup Utilizing a
Capacitor and ROM

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 1s 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 nec;essary 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 claifns) are hereby authoﬁzed to be
charged to the Hewlett-Packard Deposit Account, No. 08-2025.

Kindly enter the following amendments:
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Amendments
In The Claims
Please amend claim 1 as follows:
1 1. A random access memory (RAM) backup system, comprising:
L\ 2 a RAM, configured to store binary data, including a supply voltage input adapted to
3 receive a supply voltage thereon;
4 a capacitor, electrically coupled to said voltage input of said RAM, configured to provide
5 said RAM with a voltage for a period of time, said voltage sufficient for said RAM to maintain
6 said storage of said data;
7 a read only memory (ROM) having separate locations for concurrently storing
8 [configured to store] multiple copies of said data stored in said RAM; and
9 processing means, coupled to said RAM and said ROM, for transferring said copies of
10 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.
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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 ef 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 ef 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
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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 where\iﬁ 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 ef 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."
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Applicants' specification, page 10, lines 17-18.

As explained during the Examiner interview, Sasayama e? 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 gl. as teaching "multiple transfers of data." Applicants have therefore again reviewed those
columns, and can find no such teachings. However, even if Sasayama ef al. contains such
teachings, Applicants respectfully submit that the concept of "multiple fransfers of data” differs

significantly from the concept of concurrently storing multiple copies of data of the claimed

invention.
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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 ef 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 ef 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.
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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,

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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Transaction History Date 1997-03-04
Date information retrieved from USPTO Patent
Application Information Retrieval (PAIR)
system records at www.uspto.gov

The Commissioner of Patents
and Trademarks

! PTO UTILITY GRANT
) ] Paper Numbar__l‘g__
Has received an application for a patent for
g new and usefi invention. The title and de-
scription of the invention are enclosed, The
. . requirements of law have been complied with,
“l g and it has been determined that a patent on
the invention shatl be granted under the law.

Ctatos  mepmns

O . United States Patent

. - Grants to the person(s) having title to this

(jlk mghtc a patent the right to exclude others from mak-
’ ’ ing, using, offering for salé, or selling the in-

i vention throughout the United Stares af
Anterica gr importing the invention inlo the
' United States of America for the term set forth

below, subject to the payment of maintenance
fees as-provided by faw.

if this application was filed prior to June 8,
1995, the term of this patent is the longer of
seventecn years from the date of grant of this
patent or wenty years from the earliest effec-
tive U.5. filing date of the application, sub-
ject to any statutory extension.

If this application was filed on or after June
8, 1995, the term of this patent is twenty years
from the earliest effective U.S. filing date of
the application, subject to any’ statutory ex-

1ension.

. Commissioner of Patenis and Trademarks

Aftest

{Rav. 596}

FPI-LOM

(RIGHT INSIDE)
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UNITED STATES OEPARTMENT OF COMMERCE
Patent and Trademark Office
ASSISTANT SECRETARY AND COMMISSIONER

OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

CHANGE OF ADDRESS/POWER OF ATTORNEY

ION 9200 SERIAL NUMBER 08322808 PATENT NUMBER 5608684
THE CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO. CUSTOMER. # 22879
THE PRACTITIONERS OF RECORD HAVE BEEN CHANGED TO CUSTOMER # 22879
ON 02/07/00 THE-ADDRESS OF RECORD FOR CUSTOMER NUMBER 22879 IS:

HEWLETT PACKARD COMPANY

INTELLECTUAL PROPERTY ADMINISTRATION

3404 E HARMONY ROAD

P O BOX 272400
FORT COLLINS CO 80528-39589

AND THE PRACTITIONERS OF RECORD FOR CUSTOMER NUMBER 22879 ARE:

26762

23035 24266 26878 27091 27196 28614 28910 30405
30581 31183 31267 31591 32057 32490 32805 33472 34046
35186 35582 35675 35931 36199 36241 36618 36771 36823
37157 37721 39043 39778 39818 40231 40952 41220 41314
42846 42919 43133 43955 44395 44652

PTO INSTRUCTIO

RECORD, ON THE NEXT AVAILABLE CONTENTS LINE OF THE FILE JACKET,

NS: PLEASE TAKE THE FOLLOWING ACTION WHEN THE
CORRESPONDENCE ADDRESS HAS BEEN CHANGED TO CUSTOMER NUMBER:

" ADDRESS CHANGE TO CUSTOMER NUMBER’ .
ADDRESS ON THE FILE JACKET LABEL AND ENTER ONLY THE ‘ CUSTOMER

NUMBER’ AS THE NEW ADDRESS.

OF RECORD, FILE LETTER IN THE FILE JACKET.

PTO-FMD
TALBOT-1/897
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FILE THIS LETTER IN THE FILE JACKET.
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Family 1/1

1 record(s) per family

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

Title - DWPI: System for permanently backing up RAM memory device has capacitor as primary
device for supplying back=up power, and ROM for backing up and restoring valid RAM data when
duration of power loss is greater than that for which capacitor can supply power

Priority Number: US1994322808A

Priority Date: 1994-10-13

Application Number: US1994322808A

Application Date: 1994-10-13

Publication Date: 1997-03-04

IPC Class Table:

IPC Section Class Subclass Class Group Subgroup
G11C000514 G G111 G1iC G11C0005 G11C000514
G11C001100 G G1l1 G11C G11C0011 G11C001100

IPC Class Table - DWPI:

IPC - DWPI Section - DWPI Class - DWPI Subclass - DWPI  Class Group - Subgroup - DWPI
DWPI

G11C000700 (IPC ' G Gl1 Glic G11C0007 G11C000700 (IPC

1-7) 1-7)

Assignee/Applicant: Hewlett Packard Company,Palo Alto,CA,US
JP F Terms:

JP FI Codes:

Assignee - Original: Hewlett Packard Company

Any CPC Table:

Type Invention Additional Version Office

Current G1i1C 5/141 - 20130101 EP; US
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Current G11C 11/005 20130101 EP; US

Original G1l1C 5/141 - 20130101 us
Original G11C 11/005 20130101 us

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.
Language of Publication: EN

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
2011-09-22 AS

Description: ASSIGNMENT HEWLETT-PACKARD DEVELOPMENT COMPANY, L.P., TEXAS ASSIGNMENT OF
ASSIGNORS INTEREST; ASSIGNOR:HEWLETT-PACKARD COMPANY; REEL/FRAME:026945/0699 2003-01-31

2008-09-08 REMI

Description: MAINTENANCE FEE REMINDER MAILED

2008-09-04 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 12

2004-09-07 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 8

2001-01-16 AS
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Description: ASSIGNMENT HEWLETT-PACKARD COMPANY, COLORADO MERGER; ASSIGNOR:HEWLETT-
PACKARD COMPANY; REEL/FRAME:011523/0469 1998-05-20
2000-09-01 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 4

1997-02-21 STCF -

Description: INFORMATION ON STATUS: PATENT GRANT PATENTED CASE

1995-07-24 AS -

Description: ASSIGNMENT HEWLETT-PACKARD COMPANY, CALIFORNIA ASSIGNMENT OF ASSIGNORS
INTEREST; ASSIGNORS:REASONER, KELLY J.; WILLIAMS, ERIC E.; REEL/FRAME:007557/0777 1994-10-05

Post-Issuance (US):

Reassignment (US) Table:

Assignee Assignor Date Signed Reel/Frame Date

HEWLETT-PACKARD HEWLETT-PACKARD 2003-01-31 026945/0699 2011-09-22
DEVELOPMENT COMPANY | COMPANY
L.P.,,HOUSTON,TX,US

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).
Corresponent: HEWLETT-PACKARD COMPANY 3404 E. HARMONY ROAD MS 35 INTELLECTUAL PROPERTY

ADMINISTRATION FORT COLLINS, CO 80528

HEWLETT-PACKARD HEWLETT-PACKARD 1998-05-20 011523/0469 2001-01-16
COMPANY,FORT COMPANY
COLLINS,CO,US

Conveyance: MERGER (SEE DOCUMENT FOR DETAILS).

Corresponent: HEWLETT-PACKARD COMPANY VALERIE BAKES INTELLECTUAL PROPERTY ADMINISTRATION P.O.
BOX 272400 FORT COLLINS, CO 80527-2400

HEWLETT-PACKARD REASONER, KELLY J. 1994-10-05 007557/0777 1995-07-24
COMPANY,PALO
ALTO,CA,US WILLIAMS, ERIC E. 1994-10-05 = =

Conveyance: ASSIGNMENT OF ASSIGNORS INTEREST (SEE DOCUMENT FOR DETAILS).

Corresponent: HEWLETT-PACKARD COMPANY CARRIE E. LEWIS LEGAL DEPARTMENT, M/S 79 3404 E. HARMONY
ROAD FT. COLLINS, CO 80525
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Maintenance Status (US):
Litigation (US):
Opposition (EP):

License (EP):

EPO Procedural Status:

Front Page Drawing:
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BACKUP P e
RESTORE ) :

07 DATA BUS L0} L}
Priority Number - DWPI: US1994322808A
Priority Date - DWPI: 1994-10-13
Assignee - Current US: HEWLETT-PACKARD DEVELOPMENT COMPANY L.P.

2 Clarivate”

Copyright 2007-2022 CLARIVATE
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United States Patent and Trademark Office

Office of the Commissioner for Patents

SYSTEM AND METHOD FOR RAM POWER AND DATA BACKUP UTILIZING A
CAPACITOR AND ROM

PATENT # APPLICATION # FILING DATE ISSUE DATE
5608684 08322808 10/13/1994 03/04/1997

Payment Window Status

No maintenance

WINDOW STATUS FEES fees are due.
11.5 Year Closed Paid

Window First Day to Pay Surcharge Starts Last Day to Pay Status Fees

3.5 Year 03/04/2000 09/06/2000 03/05/2001 Closed Paid

7.5 Year 03/04/2004 09/08/2004 03/04/2005 Closed Paid

11.5 Year 03/04/2008 09/05/2008 03/04/2009 Closed Paid

Patent Holder Information

Customer # 204

Entity Status UNDISCOUNTED

Phone Number 3014248890

Address COMPUTER PACKAGES, INC.

414 HUNGERFORD DRIVE
ROCKVILLE, MD 20850
UNITED STATES
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