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1. Scope 
This document provides an overview of the 
DiskOnChip TrueFFS wear-leveling mechanism and 
explains why it is required for NAND flash technology. 

2. Terminology 
The following terms are used in this document.  

Physical Erase Unit: A flash device is divided into 
physical erase units. A physical erase unit is the 
smallest memory area of the flash memory media that 
can be erased in a single erase operation. Its size varies 
between flash devices.  

Virtual Erase Unit: TrueFFS works with virtual erase 
units, rather than physical erase units. A virtual erase 
unit can be the same size as a physical erase unit, or a 
multiple of it, depending on the capacity of the flash 
media. 

Page: Each physical erase unit is divided into smaller 
areas. A page is the smallest memory area that TrueFFS 
handles internally as a single chunk of data. A page 
consists of 1024 bytes for DiskOnChip Millennium 
Plus, and 512 bytes for all other DiskOnChip products. 

Physical Sector: The smallest storage area in a physical 
erase unit. 

Logical Sector: The smallest storage area accessed by 
an Operating System (OS) that accesses the flash media 
as a block device. A logical sector is 512 bytes in size 
for all operating systems currently supported by 
TrueFFS. 

Virtual Sector: The smallest storage area that TrueFFS 
works with. A virtual sector corresponds to a logical 
sector. 

3. The Need for Wear-Leveling 
NAND flash technology generally guarantees 100K 
program/erase cycles for each physical erase unit (the 
erase cycle limit may vary for each NAND flash device 
family). 

To assess the lifetime of a flash device that does not 
utilize a wear-leveling algorithm, consider a simple 
algorithm that always maps each logical sector to the 
same physical sector. When updating the same logical 
sector, the physical sector to which it is mapped must 
be erased before it can be rewritten. Flash technology 
limitations require that an entire physical erase unit be 
erased instead of just the physical sector.  

When using the FAT file system, frequent FAT table 
updates are required. As the FAT table always occupies 
the same logical sectors, frequent updates therefore 
require frequent erase cycles on the same physical erase 
unit. This can significantly reduce the lifetime of the 
flash.  

The following example calculates how many times a 
FAT table (FAT16 and a cluster size of 2KB) gets 
updated when writing an 8MB file to a NAND flash 
device with a physical erase unit size of 16KB. The 
8MB file requires 4KB clusters (2 bytes per cluster), 
and a total of 8 KB of the FAT table. A reliable file 
system usually updates the FAT table per cluster 
writing, so the FAT table is updated 4096 times while 
writing an 8MB file. The physical erase unit containing 
the corresponding 16KB of the FAT table therefore 
approaches the 100K program/erase cycle limit after 
writing an 8MB file to the same place only 25 times. 

If the application writes at a speed of 1KB/sec, the 
expected lifetime is calculated as follows: 
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The above algorithm, which always maps logical 
sectors to the same physical sectors and therefore does 
not perform wear-leveling, significantly reduces the 
lifetime of a flash device. 

The device lifetime is not dependent on media size, as 
logical sectors are always mapped to the same physical 
sectors. 
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4. TrueFFS Wear-Leveling 
4.1 Benefits 
The TrueFFS wear-leveling mechanism extends the lifetime of flash devices because it ensures that even if an 
application writes to the same logical sector(s) over and over again, the program/erase cycles are distributed evenly 
across the media. Uniform use of the flash media is achieved using the following features: 

• Dynamic mapping of any logical sector to any physical sector. 
• A garbage collection process for space reclamation. 
• An optimized garbage-collection algorithm to reduce erase cycles. 
• Static data unit rotation. 

The expected lifetime of DiskOnChip products using the endurance model can be calculated as follows: 

enPerDayBytesWritt
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LifetimeExpected
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where 0.75 represents the overhead of the FAT file system and the flash management data structures. 

For example, if the application described in Section 3 is performed on a DiskOnChip 16MB device, the expected 
lifetime can be calculated as follows: 

( )yearsdays
KB

KMBLifetimeExpected 40563,14
246060sec)/1(

75.010016
=

×××
××

=  

From the above, it can be concluded that the TrueFFS wear-leveling mechanism significantly increases the lifetime 
of the flash media, even if data updates are performed on the same logical sectors. 

4.2 Mechanism 

4.2.1 Dynamic Wear-Leveling 
For its algorithm, TrueFFS uses virtual erase units that consist of virtual sectors. Each virtual sector that contains 
data is mapped to a physical sector. If a virtual erase unit contains no written data in its virtual sectors, then no 
physical erase units are used by this virtual erase unit. 

A virtual erase unit is represented by a chain of physical erase units that contain the actual physical data. All the 
physical erase units on the flash media that are not used by virtual erase units are combined in a wear-leveling pool 
from which physical erase units can be allocated dynamically, using a round-robin policy. Whenever writing a 
virtual sector requires allocating a physical erase unit, the next free unit in the pool is used. When there are no free 
physical erase units left in the pool, a process called folding occurs. During folding, a chain of physical erase units is 
reduced to one physical erase unit by copying all the valid data in the chain to the last physical erase unit. The 
remaining physical erase units can then be erased and made available for the wear-leveling pool.  

4.2.2 FAT Filter 
TrueFFS implements a FAT filter that improves the efficiency of the wear-leveling algorithm by monitoring changes 
in the FAT table. In a FAT-based file system, a deleted file is not actually erased, but the appropriate FAT table 
entries are updated to indicate that the clusters (groups of sectors) associated with the erased file are now “free”. The 
FAT filter monitors all changes to the FAT table. When it detects that a cluster has changed status from “allocated” 
to “free”, the FAT filter notifies the other layers of the TrueFFS driver that the sectors associated with these clusters 
should be marked as erased. If the FAT filter is not enabled, then TrueFFS does not know that the data contained in 
these sectors is no longer valid, and these sectors cannot be erased. Utilizing the FAT filter enables more areas of the 
flash memory to be reclaimed by TrueFFS, which improves the efficiency of the wear-leveling algorithm. 
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4.2.3 Static Wear-Leveling 
When static files are stored, the physical erase units containing this data are ignored by the dynamic wear-leveling 
mechanism. As a result, the quality of the wear-leveling process is gradually reduced. With DiskOnChip, TrueFFS 
has an additional mechanism for static wear-leveling. The static wear-leveling process performs virtual-unit 
swapping during write operations on a frequent base. 

4.2.4 Summary 
The folding criteria statistically provide uniform probability distribution between physical erase units that do not 
contain static data. 

The virtual-erase-unit swapping criteria, together with the folding criteria, statistically provide uniform probability 
distribution between physical erase units that contain static data, and ensure that TrueFFS provides a true wear-
leveling algorithm. 
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How to Contact Us 
Website: http://www.m-sys.com 

General Information: info@m-sys.com 

Technical Information: techsupport@m-sys.com 

USA 
M-Systems Inc. 
8371 Central Ave, Suite A 
Newark CA 94560 
Phone: +1-510-494-2090 
Fax: +1-510-494-5545 

Taiwan 
M-Systems Asia, Ltd. 
Room B, 13 F, No. 133 Sec. 3 
Min Sheng East Road 
Taipei, Taiwan R.O.C. 
Phone: +886-2-8770-6226 
Fax: +886-2-8770-6295 

Japan 
M-Systems Japan Inc. 
Arakyu Bldg., 5F 
2-19-2 Nishi-Gotanda Shinagawa-ku 
Tokyo 141-0031 
Phone: +81-3-5437-5739 
Fax: +81-3-5437-5759 

China 
M-Systems China Ltd. 
25A International Business Commercial Bldg. 
Nanhu Rd., Lou Hu District 
Shenzhen, China 518001 
Phone: +86-755-519-4732 
Fax: +86-755-519-4729 

Europe and Israel 
M-Systems Flash Disk Pioneers Ltd. 
7 Atir Yeda St. 
Kfar Saba 44425, Israel 
Phone: +972-9-764-5000 
Fax: +972-3-548-8666 
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