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Wear Leveling in NAND flash memories

This application note describes the Wear Leveling algorithm that Numonyx recommends to 
implement in the Flash Translation Layer (FTL) software for NAND flash memories.

Introduction
In Numonyx single level cell and multilevel cell NAND flash memories each physical block 
can be programmed and erased reliably up to 100,000 and 10,000 times, respectively. For 
write-intensive applications, it is recommended to implement a Wear Leveling algorithm to 
monitor and spread the number of write cycles per block. In memories that do not use a 
Wear Leveling algorithm not all blocks get used at the same rate. The Wear Leveling 
algorithm ensures that equal use is made of all the available write cycles for each block.

Wear Leveling is implemented in the Flash Translation Layer which is the additional software 
layer between the file system and the NAND flash memory. The Flash Translation Layer 
allows operating systems to read and write to NAND flash memory devices in the same way 
as disk drives and provides the translation from virtual to physical addresses. Wear Leveling 
can also be implemented by the file system directly on the NAND flash (see Figure 1).

Refer to the datasheets for the full list of root part numbers and for further information on the 
devices (see Section 4: References).

Figure 1. Software tool chain for an embedded system using a NAND flash memory

1. LLD = Low Level Driver, ECC = Error Correction Code, BBM = Bad Block Management.
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1 How to increase the lifetime of a NAND flash memory

This section shows how the lifetime of a NAND flash can be increased by using Wear 
Leveling.

1.1 Lifetime without Wear Leveling
For systems that have a FAT (File Allocation Table) based file system, the FAT table is 
always stored in the same virtual blocks. Frequent FAT table updates are required during 
data write operations, which implies frequent erase cycles on the same physical blocks, 
hence a reduced NAND flash lifetime.

The following example calculates how many times a FAT table (FAT32 and a cluster size of 
2 Kbytes) is updated when writing a 10-Mbyte file to a NAND flash memory with a physical 
erase unit of 16 Kbytes (NAND small page device).

To write a file of 10 Mbytes, 5K entries in FAT and 5K clusters in the file system are required. 
This corresponds to 640 physical NAND flash blocks, 

This means that the file can be written at the same location 20 times:

which is greater than the maximum number of program/erase cycles.

The expected NAND flash lifetime can be calculated as follows:

So, if the application writes at 3 Kbyte/s, the expected lifetime of the NAND blocks is:

In a NAND flash, when virtual blocks are mapped to the same physical blocks, the lifetime of 
the device is significantly reduced, independently of its size.

1.2 Lifetime with Wear Leveling
Wear Leveling extends the lifetime of NAND flash devices because it ensures that even if an 
application writes to the same virtual blocks over and over again, the program/erase cycles 
will be distributed evenly over the NAND flash memory.

For example, the expected lifetime of a 64-Mbyte (512-Mbit) NAND flash device can be 
calculated as follows:

Where 0.7 is the file system overhead.

20 5120× 102400=

Expected lifetime Size of NAND flash number of erase cycles FAT overhead××
bytes written per day

--------------------------------------------------------------------------------------------------------------------------------------------------------------------=

Expected lifetime 10Mbyte 20 0.7××
3Kbyte s⁄( ) 24 60 60×××

----------------------------------------------------------------------- 0.55 days==

Expected lifetime 64Mbyte 100Kcycles 0.7××
3KBbyte s⁄( ) 24 60 60×××

----------------------------------------------------------------------------- 18,124 days (about 49.7 years)= =
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2 Wear Leveling algorithms

Wear leveling is associated with a Block Aging Table (BAT) to remember which blocks have 
been erased in a selected period of time.

There are two kinds of Wear Leveling that can be implemented in the FTL.

2.1 Dynamic Wear Leveling
When applying the Dynamic Wear Leveling, new data is programmed to the free blocks, 
among the ones used to store user data, that have had the fewest write/erase cycles.

2.2 Static Wear Leveling
In the Static Wear Leveling, even blocks storing long-lived data (for example, code) are 
involved and their content is copied to another block so that the original block can be used 
for more frequently-changed data. 

The Static Wear Leveling is triggered when the difference between the maximum and the 
minimum number of write/erase cycles per block reaches a specific threshold. With this 
particular technique, the mean age of physical NAND blocks is maintained constant.
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3 Conclusion

It is recommended to implement Wear Leveling as part of the software tool chain (either in 
the File Translation Layer or the File System) to increase the lifetime of the NAND flash in an 
embedded system.

In addition, it is recommended to implement garbage collection and bad block management 
algorithms while it is mandatory to implement error correction code algorithms.

To help integrate NAND flash memories in applications, Numonyx can provide a full range of 
software solutions: file system, sector manager, drivers, and code management. Contact the 
nearest Numonyx sales office or visit www.numonyx.com for more details.

4 References

The following documents, related to NAND flash memories, are available on 
www.numonyx.com

● NANDxxx-A, single level cell, small page, 528-byte/264-word page, 3 V supply voltage, 
NAND flash memory datasheets

● NAND01G-B2B_NAND02G-B2C, single level cell, large page, 2112-byte/1056-word 
page, 1.8 V/3 V supply voltage, NAND flash memory datasheets

● NANDxxGW3C2B, multilevel cell, large page, 2112-byte page, 3 V supply voltage, 
NAND flash memory datasheets

● AN1821 Garbage collection in NAND flash memories

● AN1823 Error correction code in single level cell NAND flash memories

● AN1819 Bad block management in NAND flash memories.
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5 Revision history

         

Table 1. Document revision history

Date Revision Changes

11-May-2004 1.0 First issue.

12-Nov-2004 2.0
The document also applies to the NANDxxx-B devices. Product List 
table updated. Section : Introduction and Section 1 sections revised.

29-Jun-2006 3
Product list removed.

Reference documents updated in Section 4: References.

22-Feb-2007 4

Section 1.1: Lifetime without Wear Leveling updated.

Expected Lifetime updated in Section 1.2: Lifetime with Wear 
Leveling.

Reference datasheets updated in Section 4: References.

15-Sep-2008 5
Applied Numonyx branding. 
Modified Section 2: Wear Leveling algorithms, Section 3: Conclusion 
and Section 4: References.
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Please Read Carefully:

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH NUMONYX™ PRODUCTS. NO LICENSE, EXPRESS OR 
IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT 
AS PROVIDED IN NUMONYX'S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NUMONYX ASSUMES NO LIABILITY 

WHATSOEVER, AND NUMONYX DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF 
NUMONYX PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, 
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT. 

Numonyx products are not intended for use in medical, life saving, life sustaining, critical control or safety systems, or in nuclear facility 
applications.

Numonyx may make changes to specifications and product descriptions at any time, without notice.

Numonyx, B.V. may have patents or pending patent applications, trademarks, copyrights, or other intellectual property rights that relate to the 
presented subject matter. The furnishing of documents and other materials and information does not provide any license, express or implied, 

by estoppel or otherwise, to any such patents, trademarks, copyrights, or other intellectual property rights.

Designers must not rely on the absence or characteristics of any features or instructions marked “reserved” or “undefined.” Numonyx reserves 
these for future definition and shall have no responsibility whatsoever for conflicts or incompatibilities arising from future changes to them.

Contact your local Numonyx sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Numonyx literature may be obtained by 
visiting Numonyx's website at http://www.numonyx.com.

Numonyx StrataFlash is a trademark or registered trademark of Numonyx or its subsidiaries in the United States and other countries.

*Other names and brands may be claimed as the property of others.

Copyright © 11/5/7, Numonyx, B.V., All Rights Reserved.
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