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PROVISIONAL U.S. PATENT APPLICATION
Atty. Docket No: 0299-0004

IMPROVED LIFETIME MIXED LEVEL NAND FLASH SYSTEM
Inventor: G. R. Mohan Rao

CROSS REFERENCE TO RELATED APPLICATIONS

[001] This application incorporates by reference United States Patent Number
7,855,916 filed on October 22, 2008 by inventor G.R. Mohan Rao, and issued

on December 21, 2010.
FIELD OF THE INVENTION

[002] The present invention relates to a system and method for providing
reliable storage through the use of NAND FLASH, and more particularly to a
system and method of increasing the reliability and lifetime of a NAND FLASH
storage system, module, or chip through the use of a mixture of multi-level cell
and single level cell NAND FLASH storage without substantially raising the cost
of the NAND FLASH storage system. The memory in a total nonvolatile
memory system may contain some DRAM (for buffering, caching, address
table storage etc), NAND flash, and some HDD (hard disk drives) when storage

of the order of terabytes is required.

DESCRIPTION OF THE PRIOR ART
[003] Non-volatile memories provide long-term storage of data. In the past,
this has primarily been limited to storage of small programs, such as a

computer BIOS, or to storage of small amounts of rarely changed data, such
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as configuration information. However, process improvements now permit
NAND FLASH to challenge the dominance of rotating magnetic media; i.e,,
hard disk drives. In particular, 4 Gbit (Billions-of-Bits) NAND FLASH chips are
now common, with economical 16 Gbit and 32 Gbit chips quickly gaining
market share. In fact, NAND FLASH is now used in a wide variety of
applications, including portable storage, digital photography, cellular phones,
and portable music players to name a few.

[004] NAND FLASH devices are generally fragmented into a number of
identically sized blocks, each of which is further segmented into some number
of pages. For example, a block may comprise 32 to 64 pages, each of which
incorporates 2-4 KB of memory. In addition, the process of writing data to a
NAND FLASH is complicated by the fact that, during normal operation, erased
bits, which are usually all bits in a block with the value of ‘1’, can only be
changed to the opposite state, which is usually ‘0’, once before the entire block
must be erased. Blocks can only be erased in their entirety, and, when erased,
are usually written to 1’ bits.

[005] The vast majority of NAND FLASH in enterprise servers utilizes a single
level cell (SLC) architecture. However, multi-level cell (MLC) FLASH is gaining
in popularity. MLC allows a single cell to store multiple bits, and accordingly, to
assume more than two values; i.e, ‘0" or ‘1" Most MLC NAND FLASH
architectures allow up to 4 values per cell; ie., ‘00", ‘01, '10°, or “11.
Generally, MLC NAND FLASH enjoys greater density than SLC NAND FLASH,
at the cost of a decrease in access speed and lifetime. It should be noted,

however, that even SLC NAND FLASH has a considerably lower lifetime than
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rotating magnetic media, being able to withstand only between 50,000 and
100,000 writes, and MLC NAND FLASH has a much lower lifetime than SLC
NAND FLASH, being able to withstand between 3,000 and 10,000 writes. As
is well known in the art, a write or program, in NAND flash (floating gate)
requires an erase before write.

[006] Despite its limitations, there are a number of applications that lend
themselves to the use of MLC FLASH. Generally, applications where data is
read many times but written few times and physical size is an issue are good
candidates for the use of MLC FLASH. For example, FLASH cards for use in
digital cameras would be a good application of MLC FLASH, as MLC can
provide higher density memory at lower cost than SLC memory.

[007] Given the limited number of writes that individual blocks within FLASH
devices can tolerate, wear leveling algorithms are used within the FLASH
devices (sometimes as firmware commonly known as FTL, flash translation
layer; and, in other times managed by a controller) to attempt to ensure that
hot blocks; i.e., those that are frequently written, are not rendered unusable

, much faster than other blocks. This task is usually performed within a flash
translation layer, which is a logical function embedded within & FLASH device
that abstracts the complexity of accessing memory locations within the FLASH
device. In particular, as a FLASH device does not support overwriting
individual pages, an FTL maps individual pages of FLASH memory to a
particular block, and performs the function of mapping logical pages to physical
FLASH pages, and erase blocks.

OBJECTS OF THE INVENTION
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[008] Accordingly, an objective of the invention is to provide a NAND FLASH
storage system that provides long lifetime storage at low cost;

[009] Other advantages of the disclosed invention will be clear to a person of
ordinary skill in the art. It should be understood, however, that a system,
method, or apparatus could practice the disclosed invention while not achieving
all of the enumerated advantages, and that the protected invention is defined

by the claims.

SUMMARY OF THE INVENTION

[0010] A system for storing data comprises at least one MLC NAND FLASH
module and at least one SLC NAND FLASH module, each of which comprises
a plurality of individually erasable blocks. A controller controls both the at least
one MLC NAND FLASH module and the at least one SLC NAND FLASH
module. In particular, the controller maintains a table listing individual logical
address ranges each of which maps to a similar range of physical addresses
within either the at least one MLC NAND FLASH module or the at least one
SLC NAND FLASH module. After each write to FLASH memory, the controller
conducts a data integrity check to ensure that the data was written correctly.
When the data is not written correctly, the controller modifies the table so that
the range of addresses on which the write failed is remapped to the next
available range of physical addresses within the at least one SLC NAND

FLASH module.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0011] Although the characteristic features of this invention will be particularly
pointed out in the claims, the invention itself, and the manner in which it may
be made and used, may be better understood by referring to the following
description taken in connection with the accompanying drawings forming a part
hereof, wherein like reference numerals refer to like parts throughout the
several views and in which:

[0012] FIG. 1 is a block diagram of a computer system incorporating one
aspect of the disclosed invention;

[0013] FIG. 2 is a drawing depicting an address map that implements an aspect
of the disclosed invention,;

[0014] FIGS. 3a and 3b are a flow chart illustrating a method for use in
implementing an aspect of the disclosed invention; and

[0015] FIG. 4 is a block diagram depicting an embodiment of the invention for
implementation within a NAND FLASH module.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

[0016] The present invention relates to the reliable storage of data in read and
write memories, and, in particular, to the reliable storage of data in NAND
FLASH. Generally, two separate banks of NAND FLASH are maintained by a
controller. One bank contains economical MLC NAND FLASH, while a second
bank contains high endurance SLC NAND FLASH. The controller conducts a
data integrity test after every write. If a particular address range fails a data
integrity test, the address range is remapped from an MLC NAND FLASH
device to a SLC NAND FLASH device. As the SLC NAND FLASH is used to

boost the lifetime of the storage system, it can be considerably lesser in
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amount than the MLC NAND FLASH. For example, a system may set SLC
NAND FLASH equal to 12.5% or 25% of MLC NAND FLASH.

[0017] Turning to the Figures, and to Figure 1 in particular, a computer system
10 depicting the disclosed invention is shown. A processor 12 is coupled to a
device controller 14, such as a chipset, using a prior art link, such as a parallel
bus or packet-based link. The device controller 14 provides interface functions
to the processor 12, and may be included in the processor 12, or not present at
all in certain computer systems. The device controller 14 provides a number of
input / output ports 16,18, such as, for example, serial ports, such as USB
ports and Firewire ports, and network ports, such as, for example, Ethernet
ports and 802.11 (“Wi-Fi") ports. The device controller 14 also controls a bank
of DRAM 20. In addition, the device controller 14 controls access to one or
more disks 24, such as, for example, a rotating magnetic disk, or an optical
disk, as well as two or more types of NAND FLASH memory. One type of
NAND FLASH memory is a pool of MLC NAND FLASH memory 26. Another
type of NAND FLASH memory is a pool of SLC NAND FLASH memory 28.

[0018] The device controller 14 maintains a translation table which may include
address translations for all devices in the computer system. Nonetheless, we
will limit our discussion to here to the pools of NAND FLASH memory. In
particular, the controller maintains a translation table that maps logical
computer system addresses to physical addresses in one of the pools of NAND
FLASH memory. As MLC memory is less expensive than SLC memory, on a
cost per bit basis, the translation table will initially map all logical NAND FLASH

addresses to the MLC FLASH memory pool 26. The address ranges within the
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translation table will assume some minimum guantum, such as, for example,
one block, although a smaller size, such as a page could be used, if the NAND
FLASH has the capability of erasing the smaller size.

[0019] A read-modify-write scheme is used to write data to the NAND FLASH.
Data to be written to NAND FLASH is maintained in DRAM 20. After each
write to an address within a particular address range, the controller will, as time
permits, perform a read on the address range to ensure the integrity of the
written data. If a data integrity test fails, the address range is remapped from
the MLC FLASH memory pool 26 to the next available address range in the
SLC FLASH memory pool 28.

[0020] Figure 2 illustrates one possible embodiment of this translation table. In
Figure 2a, a list of logical address ranges is translated to physical addresses.
As illustrated, all of the logical address ranges are translated to the MLC NAND
FLASH pool. However, via a data integrity verification check, such as the one
explained later, it is determined that address range R2 corresponds to a failed
guanta of data stored in the MLC NAND FLASH pool. Figure 2b shows the
guanta of data which failed a data integrity verification check remapped to the
next available range of physical addresses within the SLC NAND FLASH pool.

[0021] Figures 3s and 3b are a flow chart illustrating a method for utilizing a
NAND FLASH memory system incorporating an aspect of the disclosed
invention. The method begins in a step 102, when a command to write a
quantum of data stored in DRAM to a particular location in NAND FLASH
memory is received. In step 104, the quantum of data is read from DRAM into

memory within the device controller (which acts as the memory controller). [n
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step 106, the logical address range encompassing the NAND FLASH address
range to be written is read into device controller memory. In step 108, the
quantum of data to be written to NAND FLASH is combined with the present
contents of the entire address range that the data will be written to. [n step
109, the NAND FLASH address range to be written is erased. In step 110, the
combined data is written to the appropriate NAND FLASH logical range.

[0022] In step 112 the NAND FLASH logical range that was written in step 110
is read into device controller memory. This is compared with the retained data
representing the combination of the previous contents of the logical address
range and the quantum of data to be written. [f the retained data matches the
newly stored data in the NAND FLASH memory, the write was a success, and
the method exits in step 118. However, if the retained data does not match the
newly stored data in the NAND FLASH memory, the method executes step
120, which identifies the next quantum of available SLC NAND FLASH memory
addresses. In step 122, a check is made to determine if additional SLC NAND
FLASH memory is available, and, if not, the NAND FLASH memory system is
marked as failed, and an alert is raised. However, if additional SLC NAND
FLASH memory is available, the next available quantum of SLC NAND FLASH
memory is remapped to the logical address range that had been mapped to the
failed NAND FLASH. Execution then returns to step 110, where the write is
repeated.

[0023] Another use of this invention would be segregate hot biocks; i.e., those
that are changed the most, to the pool of SLC NAND FLASH memory, while

segregating cold blocks; i.e., those that are written rarely, to the pool of MLC
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NAND FLASH memory. This could be accomplished within the device
controller 14 described above, which could simply maintain a count of those
blocks that are accessed to the most, and, on a periodic basis, such as, for
example, 1000 writes, or 10,000 writes, transfer the contents of those blocks to
SLC memory.

[0024] Figure 4 depicts an additional embodiment of the disclosed invention.
The embodiment is entirely resident within NAND FLASH module 50. In
particular, a standard NAND FLASH interface 52 is managed by flash
translation layer logic 54. The flash translation layer 54 oversees two planes of
NAND FLASH memory 56,58, each of which comprises a pool of MLC NAND
FLASH memory 60a,60b and a pool of SLC FLASH memory 62a,62b.

[0025] This embodiment could function similarly to the system level
embodiment discussed earlier, but the control functions, such as maintenance
of the translation table, could be conducted within the flash translation layer 54
instead of in a device controller.

[0026] Many modifications and variations of the present invention are possible
in light of the above teachings. Thus, it is to be understood that, within the
scope of the appended claims, the invention may be practiced otherwise than
is specifically described above. The foregoing description of the invention has
been presented for purposes of illustration and description, and is not intended
to be exhaustive or to limit the invention to the precise form disclosed. The
description was selected to best explain the principles of the invention and
practical application of these principles to enable others skilled in the art to

best utilize the invention in various embodiments and various modifications as
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are suited to the particular use contemplated. It is intended that the scope of
the invention not be limited by the specification, but be defined by the claims

set forth below.
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[C1]

[C2]

Claims

What is claimed is:

1. A system for storing data comprising:

i)

ii)

at least one MLC NAND FLASH memory pool comprising a
plurality of blocks;

at least one SLC NAND FLASH memory pool comprising a
plurality of blocks; and

a controller coupled to said at least one MLC NAND FLASH
memory pool and said at least one SLC NAND FLASH memory
pool, said controller maintaining an address map of a pool of y
NAND FLASH MEMORY, said pool comprising a list of logical
address ranges accessible by a computer system, said list of
logical address ranges having a minimum quanta of addresses,
wherein each entry in said list of logical address ranges maps to
either said at least one SLC NAND FLASH memory pool or to
said at least one MLC NAND FLASH memory pool,

wherein said controller is adapted to determine if a range of
addresses listed by an entry and mapped to said at least one
MLC NAND FLASH memory pool fails a data integrity test, and,
in the event of such a failure, remaps said entry to an equivalent

range of addresses of said at least one SLC NAND FLASH

memory pool.

2. The system of claim 1 wherein said minimal quanta of addresses

is equal to one block.
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ABSTRACT

[0027] A flash controller manages a pool of NAND FLASH memory including at
least one MLC NAND FLASH module and at least one SLC NAND FLASH
module. If a write to a logical address range mapped to physical addresses
within an MLC NAND FLASH module fails, that range is remapped to physical

addresses within an SLC NAND FLASH module.
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characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSIND CLAIMS
61/509,257 07/19/2011 110 0299-0004
CONFIRMATION NO. 3039
70653 FILING RECEIPT
LAW OFFICES OF EUGENE M. CUMMINGS, P.C.
ONE NORTH WACKER DRIVE LT
SUITE 4130 000000048999897

CHICAGO, IL 60606
Date Mailed: 07/29/2011

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
G.R. Mohan Rao, Richardson, TX;

Power of Attorney:
Konrad Sherinian--55612

If Required, Foreign Filing License Granted: 07/27/2011

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/509,257

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

LIFETIME MIXED LEVEL NAND FLASH SYSTEM
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international
page 1 of 3
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patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
page 2 of 3
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Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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