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Garbage collection in NAND flash memories

This application note describes the garbage collection algorithm that Numonyx
recommends to implement in the flash translation layer (FTL) software for NAND flash
memories.

1 Introduction

The flash translation layer is an additional software layer between the file system and the
NAND flash memory (see Figure 1), which allows operating systems to read and write to
NAND flash memory devices in the same way as disk drives. It provides the translation from
virtual to physical addresses and includes wear leveling and garbage collection software
modules, which it calls when required.

NAND flash memories have relatively long erase times, as erase operations are done one
block at a time. With the flash translation layer this long erase time becomes transparent,
because instead of erasing a block to be able to rewrite it, the FTL simply writes the data to
another physical page and marks the data contained in the previous physical page as
invalid.

The garbage collection module is used to free this invalid memory space to allow further
program operations.

Refer to single level cell, and multilevel cell large page NAND flash memory datasheets for
the full list of NAND flash memories covered by this application note and for further
information (see Section 6: References).
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Garbage collection

The garbage collection software copies the valid data into a new (free) area and erases the
original invalid data as illustrated in Figure 2.

Garbage collection is performed when a virtual block is full, or the number of free pages in
the whole device is lower than a specified threshold value.

The basic operations involved in garbage collection are the following:

1. The virtual blocks meeting the conditions are selected for erasure

2. The valid physical pages are copied into a free area

3. The selected physical blocks are erased.

As virtual blocks can contain more than one physical block, the garbage collection may
erase more than one physical block.

Figure 2. Garbage collection operation
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FTL performance

The overall performance of the flash translation layer directly depends on when and how
free space is maintained.

When the garbage collection software erases a virtual block so that it can be used again, the
garbage collection efficiency (Egc) for that block is defined as the ratio of the number of
invalid pages in the block to the total number of pages in the block. When all the pages in the
block are garbage, Egc is 1:

number of invalid pages in block
total number of pages in block

Egc =

When the garbage collection efficiency for a block is low, a large number of pages must be
copied into other blocks before erasing the block. The greater the number of pages to be
copied is, the greater is the number of write operations to other blocks and so the lifetime of
the NAND flash is reduced.

Another parameter involved in the garbage collection performance, is the amount of free
area in the device. Freeing enough memory space to accommodate data immediately when
the host requests it, can improve the flash translation layer’s sustainable throughput (the
FTLs sustainable throughput is the read/write throughput taking into account the FTL
software overhead).

In other words, when the number of data pages to be written exceeds the number of free
pages, the host has to wait for the garbage collection software to erase all the invalid blocks.
This situation can only be avoided by implementing garbage collection as frequently and
rapidly as possible, that is by increasing the garbage collection rate at the expense of the
garbage collection efficiency (Egc).

The flash translation layer performance is determined by the trade-off between the garbage
collection rate and garbage collection efficiency.

The buffering technique can be used to improve the garbage collection performance and
reduce the number of garbage collection operations at the same time.
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4 Background feature

The FTL can implement a background feature which can be activated to optimize the overall
performance of the flash translation layer. With this feature, the long erase times of NAND
flash devices are completely transparent as the garbage collection is activated during the
system’s idle time. In this way, the FTL erases pages to free memory space automatically,
and not only when the number of data pages to be written exceeds the number of free
pages.

When the FTL is not performing any write or read operation on the NAND flash, the power
consumption will not be reduced if garbage collection is activated. Therefore, it is not
recommended to use garbage collection with the background feature activated in systems
where a low power consumption is required.
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5 Conclusion

It is recommended to implement garbage collection software, in the flash translation layer, to
free invalid memory space to allow further program operations. The overall performance of
flash translation layer is a trade-off between the garbage collection efficiency and the
garbage collection rate. The performance can also be improved by activating a background
feature which allows garbage collection during the system’s idle time.

Moreover, it is recommended to implement wear-leveling algorithms while it is mandatory to
implement bad block management and error correction code algorithms to extend the
number of program and erase cycles and to increase data retention.
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6 References

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

N numonyx

NANDxxx-A single level cell small page NAND flash memory family datasheets
NANDxxx-B single level cell large page NAND flash memory family datasheets

NANDxxGW3CxB, NAND16GW3D2A, and NAND32GW3D4A multilevel cell large
page NAND flash memory family datasheets

AN1822: wear leveling 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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Revision history

Table 1. Document revision history
Date Revision Changes
11-May-2004 1 Initial release.

This document also applies to the NANDxxx-B devices.

26-Oct-2004 2 Table 1. Product list and Section 6: References section updated
accordingly.
Table 1. Product list removed.
29-Jun -2006 3 . .
References to datasheets updated in Section 6: References.
16-Feb-2007 4 References to datasheets updated in Section 6: References.
Modified Section 5: Conclusion and Section 6: References.
18-Jun-2008 5

Applied Numonyx branding.
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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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