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INTRODUCTION

This application note provides guidelines for both
selecting and placing a VCAP capacitor (Cvcap) for the
devices enumerated below (see EERAM Part Num-
bers).

EERAM Part Numbers

Device
47C04 48L256
47L04 48L512
47C16 48L640
47L16 48LMO01
47L64
AUTOSTORE

This application note assumes the EERAM device will
utilize the EERAM AutoStore function for automatic
backup of the SRAM data to EEPROM on system
power loss or system brown-out. The AutoStore
function is optional on some devices. If used for any
automatic EEPROM backups, then this application
note applies.

To enable AutoStore on the 47X04 and 47X16 devices,
set the ASE (AutoStore Enable) bit in the STATUS
register to '1'. To enable AutoStore on the 48L640,
48L256, 48L512 and 48LMO01 devices, set the ASDIS
bit in the STATUS register to '0". In the 47L64 device,
AutoStore is always enabled.

Install a capacitor connected between the Vcap pin and
ground, as seen in Figure 1 (12C) or Figure 2 (SPI). The
rest of this document discusses how to choose this
capacitor. If the AutoStore is enabled and if the SRAM
array has been modified, then the AutoStore function
begins using the VcaP voltage as a temporary power
source.
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As seen in Figure 3, after power is applied to the Vcc
pin, the voltage across the Vcap capacitor also rises.

A switch inside the device connects the VCAP pin to the
Vcc pin on power-up. As the voltage at VCAP increases
and passes the VTRIP level, the Recall function begins,
powered by Vcc, where the EEPROM data is copied
into the SRAM array. The time for the recall is very
brief, taking less than 10 ms. While the Vcc voltage
remains in the normal operating range, the internal
switch stays on, keeping the VcAp voltage at Vcc level.
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FIGURE 3: AUTOSTORE VOLTAGES
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When power is removed and Vcc falls, VCAP voltage
will fall as well, but when the internal power rail falls
below VTRIP, the device automatically disconnects the
switch between VcaAp and Vcc, and this allows the
capacitor to provide the power, independent of Vcc, for
the duration of the AutoStore.

Vcap SELECTION

It is important to select a capacitor that will provide
enough energy to finish the AutoStore operation
without any loss of data. It also should not be too large
as this may take longer to charge up when Vcc is
applied and could increase cost. The capacitor needs
to be rated for the voltage and temperature expected in
the application, and it needs to be specified so that
changes in capacity due to age, temperature or voltage
do not prevent a successful AutoStore over the full
lifetime of the application.

CAPACITY REQUIREMENTS

The data sheets show the required minimum
capacitance values to be used for the various EERAM
devices. The devices were characterized across the
entire specified operating range using these minimum
values to ensure they would work reliably. But, these
values are for the actual capacitance available to the
device, not the rated capacitance of any particular
capacitor.

The rated value and the actual capacitance value of
different types of capacitors can differ greatly.

TOLERANCE

Part-to-part variations can cause problems in any
production line. For the AutoStore operation, choosing
a capacitor that has too little capacitance because of
component variation could mean loss of data. It is
important that this be taken into account when
choosing a capacitor to be sure the minimum
capacitance is still available under all operating
conditions.

CAPACITOR TYPES

Multilayer Ceramic Capacitors (MLCCs)

MLCCs have unique particularities that must be taken
into account. Certain ceramic chemistries, which are
associated with the temperature codes as Y5V or Z5U,
can exhibit significant capacitance loss as a function of
operating voltage, known as the "DC bias" effect.

For this reason, it is recommended to use ceramic
capacitors that are rated at least twice the minimum
recommended capacitance value, and with a voltage
rating of at least 10V. These will help to ensure that the
ceramic capacitor is able to supply the power needed
during the AutoStore operation.

Tantalum Capacitors

These capacitors offer the benefit of capacitance
density, stability with temperature and little problem of
aging. The tantalum capacitor works well with the
EERAM device over the 100,000 (minimum) SRAM to
EERAM back-up cycles and is the recommended
choice for the EERAM VcaP. Since tantalum capacitor
supply has been a concern in the past, we also
recommend to reserve space in the footprint for an
equivalent ceramic capacitor.

Aluminum Electrolytic Capacitors

While there are no aluminum capacitors listed in
Table 1, primarily because of their height, an aluminum
capacitor can be used with EERAM. These capacitors
are low-cost but often have broad tolerance ranges and
loss of capacitance due to aging. If this type is chosen,
be sure that the minimum capacitance at the
worst-case of tolerance and temperature over time is
still enough to meet the minimum capacitance
requirements.

OTHER CAPACITOR
SPECIFICATIONS

Voltage Rating

As long as the voltage rating of the capacitor is above
the absolute maximum voltage rating of the EERAM,
then the voltage itself should not be a limiting factor.
However, as found in the Multilayer Ceramic
Capacitors (MLCCs), it can be beneficial to select
capacitors with more than two times the expected
applied voltage. A minimum capacitor voltage rating of
10V is recommended.
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PCB Placement

The placement of the Vcap capacitor relative to the
EERAM device is not critical, but as a good practice it
should be kept close. The internal circuit in the EERAM
uses a comparator to determine when to connect and
disconnect the internal switches; it is not particularly
sensitive, but it is still possible that significant external
inductance in series with the Vcap could allow
unexpected behavior. A distance of an inch (25 mm) or
less is recommended. A standard 0.1 pF bypass
capacitor is still required at the Vcc pin, as close as
possible, for reliable logic operation.

Cost

When evaluating BOM costs, discrepancies between
expectation and reality can occur. One might expect
that for a given type, voltage and package, a larger
value capacitor would be more expensive than a lower
value one. This is not always the case, as rarer parts
will be more expensive.

For example, between the values of 10 uF and 22 uF,
it is possible to find 15 pF or 18 pF capacitors, but
these values may cost more than either of the other two
more popular sizes. Since the EERAM can well tolerate
a little more capacitance, it might be a better choice to
select the lower-priced capacitor in the larger size. The
selections in Table 1 were made on consideration of
popularity (low cost) and dimensions.

CONCLUSION

When paired-up with appropriately sized capacitors,
the EERAM device provides reliable and cost-effective
data storage even when data is updated often and
when power is lost suddenly and without warning.
Choosing the right AutoStore capacitor means
balancing physical characteristics to match the
operating environment, while still providing enough
energy storage to allow a complete and reliable store.

In this application note we have provided a list of
acceptable capacitor sizes by EERAM device. The
user can select one of the suggested capacitor types or
choose a capacitor type that meets the minimum and
maximum EERAM CvcAp specifications over
temperature and time.

TABLE 1: RECOMMENDED Vcap CAPACITORS VALUES

Recommended
EERAM Minimum Specified Nominal Capacitance Recommended Recommended
Device Capacitance (10 VDC minimum Tantalum Capacitor Ceramic Capacitor
rated)

47C04 35 F 4.7 uF 4.7 uF 10 pF
47C16 5 uF 6.8 pF 6.8 pF 22 uF
47L.04 5 uF 6.8 pF 6.8 pF 22 uF
47116 8 uF 10 pF 10 pF 33 uF
47064 22 uF 33 uF 33 uF 47 uF
48L640 22 uF 33 uF 33 uF 47 uF
481256 47 uF 68 UF 68 UF 100 pF
481512 47 pF 68 uF 68 uF 100 pF
48LMO01 47 pF 68 uF 68 uF 100 pF
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APPENDIX A: REVISION HISTORY

Revision A (August 2016)

Initial release of this document.

Revision B (April 2018)

Updated overall content to make the application note
more understandable.
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights unless otherwise stated.

Microchip received ISO/TS-16949:2009 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= ISO/TS 16949 =

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR,
AVR logo, AVR Freaks, BeaconThings, BitCloud, chipKIT, chipKIT
logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR,
Heldo, JukeBlox, KEELOQ, KEELOQ logo, Kleer, LANCheck, LINK
MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST
logo, MPLAB, OptoLyzer, PIC, picoPower, PICSTART, PIC32
logo, Prochip Designer, QTouch, RightTouch, SAM-BA, SpyNIC,
SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are
registered trademarks of Microchip Technology Incorporated in
the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company,
EtherSynch, Hyper Speed Control, HyperLight Load, IntelliMOS,
mTouch, Precision Edge, and Quiet-Wire are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any
Capacitor, Anyln, AnyOut, BodyCom, CodeGuard,
CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM,
ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP, Inter-
Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi,
MiWi, motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation,
PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix,
RightTouch logo, REAL ICE, Ripple Blocker, SAM-ICE, Serial
Quad I/0, SMART-L.S., SQI, SuperSwitcher, SuperSwitcher II,
Total Endurance, TSHARC, USBCheck, VariSense, ViewSpan,
WiperLock, Wireless DNA, and ZENA are trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in
the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip
Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology
Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology
Inc., in other countries.

All other trademarks mentioned herein are property of their
respective companies.

© 2016-2018, Microchip Technology Incorporated, All Rights
Reserved.
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