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An Overview of NAND Flash Memory Controllers 

 
 

 
The demand for NAND Flash memory is growing at a phenomenal rate.  In 2005, worldwide 
revenue for NAND Flash rose to $10.8 billion, up 60% from 2004.  The inclusion of NAND Flash 
in an increasing number of MP3 players, high-end cell phones, and digital cameras has fueled 
expectations that NAND will overtake NOR in a number of markets.  Rapid increases in the 
capacity of NAND Flash, coupled with mobile consumer products that demand ever-increasing 
amounts of data storage, lay out a very bright future for this technology in the coming years. 
 

What is NAND Flash? 
NAND Flash is a form of non-volatile memory introduced by Toshiba and Samsung in 1989.  Its 
benefits include high storage density, fast access times, low power requirements in operation, 
and excellent shock resistance.  These benefits are tempered somewhat by the inherent 
limitations of the technology: 
 
• Due to production yield constraints, NAND Flash ships from the factory with a number of bad 

blocks that cannot be used.    
• NAND Flash has a serialized data interface similar to a hard disk and so cannot be used for 

execute in place functionality, such as running code directly from the chip. 
• Over time and after multiple erase cycles the memory will tend to “wear” and become less 

reliable. 
• The bits stored in the chip can sometimes flip - or reverse - from 0 to 1 or vice versa.   

    
Over time, NAND Flash technology and software has evolved to the point where these 
limitations are invisible to the end user.   Owners of iPod Nanos do not overly concern 
themselves with bad blocks or bit-flipping. 
 

What does a NAND controller do? 

Increased Performance 
Approximately 3% of the overall flash array is reserved as a “spare area” in order to cope with 
flash vulnerabilities, like bit-flipping and bad blocks.  Approximately 3 to 6 bytes in the spare 
area are reserved for error detection and correction algorithms, while the remainder of the 
spare area is used for remapping bad blocks.  Without a NAND controller the algorithms that 
handle these functions would be executed by the general purpose CPU.  However, NAND 
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controllers are available that will perform these functions in hardware.  This reduces the CPU 
load on the device which has the effect of increasing battery life as well as increasing 
performance – both important factors in mobile technology.  In addition, the advent of Multi-
Level Cell (MLC) NAND Flash Technology requires even more rigorous error detection 
algorithms due to the increased chance of an error occurring.   A NAND controller is perhaps 
the only reasonable way of performing this task. 
 
NAND controllers can implement read and write caching and transfer data to and from the 
NAND Flash chip independently of the general purpose CPU.  This increases the overall 
throughput and can again reduce the load on the system. 
 

Faster Integration 
The serialized data interface to NAND presents a difficult scenario for transferring data in and 
out of the chip.  Unlike other memory technologies, like NOR or DRAM, an address must be fed 
in a bit at a time, at just the right time, and then read or write the actual data in a similar 
fashion.  A NAND controller encapsulates the interface with the NAND chip and handles this 
communication, thereby presenting an effortless interface to the user.  
 
The lack of standardization among NAND Flash manufacturers has been problematic 
throughout its brief history. The use of NAND controllers allows some flexibility in the choice 
of a NAND Flash chip as any given controller will support a range of NAND chips.  Changes in 
NAND Flash, therefore, will not necessarily require a change in NAND controller or software.   
 

Integrated NAND Controllers 
Integrated NAND controllers are growing in popularity as mobile processor vendors, such as 
Freescale and Texas Instruments, build NAND controllers directly into their processors.  The 
advantages of this approach are that the design can be kept small and the costs can be 
minimized.  The disadvantage is the inevitable delay between a new NAND Flash technology 
appearing and the release of an integrated processor that supports it.   
 
A dedicated, or external, NAND controller is one in which the NAND controller is a separate 
chip that can be sourced independently of other parts.  The advantage of choosing a dedicated 
NAND controller is the wide range of latest and greatest NAND Flash chips available.  This is 
due to the relatively short time to market for a chip with this level of complexity.  The 
disadvantage of using a dedicated NAND controller is that chip uses additional PCB space and 
will cost more money than the integrated approach. 
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Specialized NAND Controller Software 
The diagram below shows an overview of the interaction between the embedded application, 
file system, Flash management software, NAND controller, NAND controller driver, and the 
NAND Flash memory chip. 
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NAND Controllers require specialized software to hide the unpleasant details of the NAND 
controller and NAND Flash itself and presents the user with a clean and highly usable interface 
to the memory.   
 
At a higher level, the NAND controller driver is often utilized by an intelligent block device 
driver, such as FlashFX Pro from Datalight, or a flash file system.  Some important functions of 
this software are: 
 
• Reducing the integration time for developers of embedded applications.  
• Handling bad blocks present on the NAND Flash chip. 
• Providing small block emulation, which is required due to the relatively large “erase blocks” 

present on NAND Flash. 
• Mitigating the effects of wear on the NAND flash through the application of wear leveling 

algorithms that spread writes and erases over a wider area. 
• Providing a file system interface that allows you to interact with the Flash chip at the file level. 

 

Summary 
The strong desire for more storage and better performance in consumer devices has elevated 
the pressure on NAND Flash and introduced new technologies like NAND Controllers to device 
engineers.  In order for new flash technologies to be adopted, it is critical that the enabling 
software also continues to evolve. 

Copyright © 2006 Datalight, Inc. All rights reserved. Printed in USA.  DATALIGHT, Datalight, the Datalight Logo, FlashFX, FlashFX 
Pro, Reliance, ROM-DOS, 4GR, One-Boot, One-Boot+File, and Sockets  are trademarks or registered trademarks of Datalight, Inc. All 
other product names are trademarks of their respective holders. Specification and price change privileges reserved. 

 


	An Overview of NAND Flash Memory Controllers
	What is NAND Flash?
	What does a NAND controller do?
	Increased Performance
	Faster Integration


	Integrated NAND Controllers
	Specialized NAND Controller Software
	Summary


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


