
USOO8356152B2 

(12) United States Patent (10) Patent No.: US 8,356,152 B2 
You (45) Date of Patent: Jan. 15, 2013 

(54) INITIATIVE WEAR LEVELING FOR 5,963,970 A 10, 1999 Davis 
NON-VOLATILE MEMORY 6,000,006 A 12/1999 Bruce et al. 

6,016,275 A 1/2000 Han 
6,081.447 A 6/2000 Lofgren et al. 

(75) Inventor: Guangqing You, Shanghai (CN) 6,230,233 B1 5/2001 Lofgreen et al. 
6,341,085 B1 1/2002 Yamagami et al. 

(73) Assignee: Intel Corporation, Santa Clara, CA 6,594, 183 B1 7/2003 Lofgren et al. 
(US) 6,732,221 B2 5, 2004 Ban 

6,850,443 B2 2/2005 Lofgren et al. 
6,865,122 B2 3/2005 Srinivasan *) Notice: Subject to any disclaimer, the term of this y 

patent is extended or adjusted under 35 (Continued) 
U.S.C. 154(b) by 580 days. 

FOREIGN PATENT DOCUMENTS 

(21) Appl. No.: 12/519,521 JP 8-16482 1, 1996 
Continued (22) PCT Filed: Dec. 27, 2006 (Continued) 

OTHER PUBLICATIONS 
(86). PCT No.: PCT/CN2OO6/OO3615 

Non-Final Office Action for Korean Patent Application No. 10-2009 
S371 (c)(1), 7013437, mailed Dec. 3, 2010. 
(2), (4) Date: Feb. 11, 2010 

(Continued) 
(87) PCT Pub. No.: WO2008/077284 

PCT Pub. Date: Jul. 3, 2008 Primary Examiner — Jared Rutz 
Assistant Examiner — Gurte Bansal 

(65) Prior Publication Data (74) Attorney, Agent, or Firm — Blakely, Sokoloff, Taylor & 
Zafman LLP 

US 2010/O161880 A1 Jun. 24, 2010 

(51) Int. Cl (57) ABSTRACT 
Goof 1200 (2006.01) A method and apparatus for initiative wear leveling for non 

(52) U.S. Cl 711/165: 711/103: 711/173 volatile memory. An embodiment of a method includes 
(58) Field of Classification search s 71 1f103 counting erase cycles for each of a set of multiple memory 

blocks of a non-volatile memory, the counting of erase cycles 
for each memory block including incrementing a first count 
for a physical block address of the memory block, and if the 
memory block is not a spare memory block, incrementing a 
second count for a logical blockaddress of the memory block. 

U.S. PATENT DOCUMENTS The method also includes determining whether the non-vola 
tile memory has uneven wear of memory blocks based at least 
in part on the counting of the erase cycles of the plurality of 

711/165,173 
See application file for complete search history. 

(56) References Cited 

5,341,339 A 8, 1994 Wells 
5,479,638 A 12/1995 ASSar et al. 
5,485,595 A 1/1996 ASSar et al. memory blocks. 
5,568,423. A 10/1996 Jou et al. 
5,835,935 A 11/1998 Estakhri et al. 16 Claims, 9 Drawing Sheets 

Background reclaim task 
spawned 20S 

Foreverloop 210 

Normal recai procedure 
p 215 

Additional 
erase counts. ECMOP 

220 

> SOEH? 
225 

Yes 

Conduct worn block group 
swap 230 

  

  

  

Micron Ex. 1043, p. 1 
Micron v. Vervain 

IPR2021-01547
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 8,356,152 B2 
Page 2 

U.S. PATENT DOCUMENTS 

6,937,948 B2 8/2005 Rajguru 
6,973,531 B1 12/2005 Chang et al. 
6,985,992 B1 1/2006 Chang et al. 
7,032,087 B1 4/2006 Chang et al. 
7,035,967 B2 4/2006 Chang et al. 
7.057,934 B2 6/2006 Krishnamachari et al. 
7,106,636 B2 9, 2006 Eilert et al. 
7,120,729 B2 10/2006 Gonzalez et al. 

2002fO184432 A1 12, 2002 Ban 
2003/0227804 Al 12/2003 Lofgren et al. 
2004/0083335 A1 4/2004 Gonzalez et al. ............. T11 103 
2004/0210706 A1 
2005/0055495 A1 
2005.0114589 A1 
2006, OO6985.0 A1 
2006/0106755 A1* 
2006/0106972 A1 

10, 2004 In et al. 
3/2005 Vihmalo et al. 
5/2005 Lofgren et al. 
3, 2006 Rudelic 
5/2006 Stuhec .............................. 707/1 
5, 2006 GorobetSet al. 

FOREIGN PATENT DOCUMENTS 

WO WO2004/040578 A2 5, 2004 
WO WO2004/040585 A1 5, 2004 

OTHER PUBLICATIONS 

International Preliminary Report on Patentability for International 
Patent Application No. PCT/CN2006/003615, Mailed Jun. 30, 2009, 
4 pages. 
“Advantages of Large Erase Blocks'. Intel Corporation, Dec. 1998, 7 
pageS. 

"Electronic Tools Catalog'. http://appZone.intel.com/toolcatalog/ 
list tools.asp?pid=4756&cid=588&pfamily=, Nov. 13, 2006, 2 pages. 
“Increasing Flash Solid State Disk Reliability'. http://www. 
storagesearch.com/siliconsys-art1.html. May 18, 2006, 12 pages. 
“Intel Flash Memory Software Builder'. http://www.intel.com/de 
sign? flash/Swb?psm.htm, Nov. 13, 2006, 4 pages. 
“Intel Flash Memory Software: Your Advantage for Cellular Hand 
sets”. Intel Corporation, 2006, 2 pages. 
“Intel NOR Flash Memory: Smart Choice for Cellular Handsets”. 
Intel Corporation, 2006, 2 pages. 
“NAND128-A, NAND256-A, NAND512-A, NANDO1G-A, 128 
Mbig, 256 Mbit, 512 Mbit, 1 Gbit (x8/x 16), 528 Byte/264 Word 
Page, 1.8V/3V, NAND Flash Memories, Apr. 2004, 56 pages. 
“SanDisk Flash Memory Cards Wear Leveling”, SanDisk Corpora 
tion, Oct. 2003, 6 pages. 
“TrueFFS Wear-Leveling Mechanism'. M-Systems Flash Disk Pio 
neers, Ltd., May 20, 2002, 4 pages. 
“Wear Leveling in Single Level Cell NAND Flash Memories”, 
STMicroelectronics, 2004, 6 pages. 
“What is Flash Memory?', http://www.intel.com/design/flashlar 
ticles/what.htm, Nov. 13, 2006, 7 pages. 
“Why Intel Flash Memory?', http://www.intel.com/design/flashlar 
ticles/297906.htm, Nov. 13, 2006, 2 pages. 
International Search Report and Written Opinion as issued in related 
International Patent Application No. PCT/CN2006/003615, on Sep. 
27, 2007, 9 pages. 
Office Action from JP Application No. 2009-543319 mailed Dec. 26, 
2011, 2 pages. 

* cited by examiner 

Micron Ex. 1043, p. 2 
Micron v. Vervain 

IPR2021-01547
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Micron Ex. 1043, p. 3 
Micron v. Vervain 

IPR2021-01547

US 8,356,152 B2Sheet 1 of 9Jan. 15, 2013U.S. Patent

 

|bi
OOL

LLLE

PLLLE
ite
LeSel

SHIN-
8selq

 

  
 

 
 

OFl
SM-
@seJz]

 

O¢L

Micron Ex. 1043, p. 3

Micron v. Vervain

IPR2021-01547

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


US 8,356,152 B2 Sheet 2 of 9 Jan. 15, 2013 U.S. Patent 

09 

deAWS dnou6 X100|q uJOWA ?onpuoO 

OLZ 
  

  

  

  

  

  

  

  

  

Micron Ex. 1043, p. 4 
Micron v. Vervain 

IPR2021-01547
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


U.S. Patent Jan. 15, 2013 Sheet 3 of 9 US 8,356,152 B2 

CC 
CY) 

.9) 
l 

: s 

is itg 
l in 5 co 8 3 in 

g 

  

Micron Ex. 1043, p. 5 
Micron v. Vervain 

IPR2021-01547
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
  Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

  Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
  With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

  Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
  Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

  Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


