
2007�07�19 http://www.linux�mtd.infradead.org/archive/tech/nand.html #1NANDFLASHNANDvs.NORBesidethedifferentsiliconcelldesign,themostimportantdifferencebetweenNANDandNORFlashisthebusinterface.NORFlashisconnectedtoaaddress/databusdirectlikeothermemorydevicesasSRAMetc.NANDFlashusesamultiplexedI/OInterfacewithsomeadditionalcontrolpins.NANDflashisasequentialaccessdeviceappropriateformassstorageapplications,whileNORflashisarandomaccessdeviceappropriateforcodestorageapplication.NORFlashcanbeusedforcodestorageandcodeexecution.CodestoredonNANDFlashcan'tbeexecutedfromethere.ItmustbeloadedintoRAMmemoryandexecutedfromthere.NORNANDInterface Bus I/OCellSize LargeSmallCellCost HighLowReadTimeFast SlowProgramTimesingleByte Fast SlowProgramTimemultiByteSlowFastEraseTimeSlowFastPowerconsumptionHighLow,butrequiresadditionalRAMCanexecutecodeYes No,butnewerchipscanexecuteasmallloaderoutofthefirstpageBittwiddlingnearlyunrestricted1̀3times,alsoknownas"partialpageprogramrestriction"BadblocksatshiptimeNo AllowedSomefactsaboutwritespeed.NANDistypicallyfasterthanNORforlargewrites.AtypicalNORwriteis10uSperword,whichresultsin1280uSper512bytesona32̀bitbus.AtypicalNANDwriteis50nSperbyte+10uSpageseek+200uSprogramwhichresultsin236uSper512bytesona8bitbus.AsNANDFlashischeaperthanNORFlashandhasaverysliminterfaceitwasselectedastheoptimumsolutionforlargenonvolatilestorageapplicationssuchassolidstatefilestorage,digitalaudio/voicerecorder,digitalstillcameraandportableapplicationsrequiringnoǹvolatility.NANDTypesTherearevarioustypesofNANDFlashavailable.BareNANDchips,SmartMediaCards,DiskOnChip.SmartMediaCardsarebareNANDchipscoveredbythinplastic.TheyareverycommonindigitalcamerasandMP3players.Thecarditselfcontainsnothingsmartatall.Itgetssmartbysoftware.DiskOnChipisNANDFlashwithadditionalgluelogicasadropinreplacementforNORFlashchips.Thegluelogicprovidesdirectmemoryaccesstoasmalladdresswindow,whichcontainsabootloaderstub,whichloadstherealbootcodefromtheNANDdevice.ThelogiccontainsalsocontrolregistersforthestaticNANDchipcontrollinesandahardwareECCgenerator.NANDtechnicalviewThememoryisarrangedasanarrayofpages.Apageconsistsof256/512Bytedataand8/16Bytespare(outofband)area.Newerchipshave2048Bytesdataandand64Bytesspareareasizes.ThespareareaisusedtostoreECC(errorcorrectioncode),badblockinformationandfilesystemdependenddata.npagesbuildoneblock.Theread/writeaccesstodataisonaperpagebasis.Eraseisdoneonaperblockbasis.Thecommandstoread/write/erasethechipisgivenbywritingtothechipwiththeCommandLatchEnablepinhigh.AddressisgivenbywritingwiththeAddressLatchEnablepinhigh.



2007�07�19 http://www.linux�mtd.infradead.org/archive/tech/nand.html #2ThereareonlyafewlinesneccecarytoaccessNANDFlashmemory.16bitbuswidthchipsaresupported.Pin(s)FunctionI/O0̀7(15)DataInputs/Outputs/CEChipEnableCLECommandLatchEnableALEAddressLatchEnable/REReadEnable/WEWriteEnable/WPWriteProtect/SESpareareaEnableR/BReady/BusyOutputAsitisneccecarytousethesparearea,the/SE(SpareareaEnable)pinshouldbetiedtoGND./CE,CLEandALEshouldbeGPIOpinsorlatchedsignals.It'spossibletouseaddresslinesforALEandCLE,butyouhavetotakecareaboutthetimingrestrictionsofthechip!/REand/WEcanbetiedtothecorrespondinglinesoftheCPU.Makesure,thattheyarelogicalycombinedwiththecorrespondingchipselect.Youcanalsousetwodifferentchipselectsfor/REand/WE,butbeawareofdataholdtimeconstraintsofyourNANDchip.Dataholdtimeafterrisingedgeof/WEisdifferenttodataholdtimeafterrisingedgeofchipselectlines!I/O0̀7(15)areconnectedtothedatabusD0̀D7(D15).The/WPpincanbeusedforwriteprotectionorconnectedtoVCCtoenablewritesunconditionally.AsNANDflashusesacommanddrivenprogramminganderasing,anaccidentialwriteoreraseisnotlikelytohappen.TheReady/Busyoutputisnotneccecaryforoperation,butitcanbetiedtoaGPIOoraninterruptline.FilesystemssupportingNANDOnemajorproblemforusingNANDFlashis,thatyoucannotwriteasoftenasyouwanttoapage.Theconsecutivewritestoapage,beforeerasingitagain,arerestrictedto1̀3writes,dependingonthemanufacturersspecifications.Thisappliessimilartothesparearea.Thismakesitneccecaryforthefilesystemtohandleawritebuffer,whichcontainsdata,thatislessthanapageAtthemomentthereareonlyafewfilesystems,whichsupportNANDJFFS2andYAFFSforbareNANDFlashandSmartMediaCardsNTFLforDiskOnChipdevicesTRUEFFSfromM̀SystemsforDiskOnChipdevicesSmartMediaDOS̀FATasdefinedbytheSSFDCForumJFFS2andNTFLareOpenSource,whileTRUEFFSisaproprietarysolution.SmartMediaDOS̀FatisaspecificationfromSSFDCforum.ItissomewhatopenunderanondisclosureagreementwithToshiba,whoownsallrightsonthisspecifications.NTFLisdesignedfortheusageofDiskOnChipdevices.JFFS2supportsrawNANDchipsandSmartMediaCardsatthemoment.AJFFS2supportforDiskOnChipdevices,basedontheNANDcode,isplanned.TherearesomeotherOpenSourceprojectsforNANDfilesystemsupport,butthere'snootherworkingsolutionthanJFFS2andYAFFSatthemomentofthiswriting.YAFFSisavailablefromYAFFS̀Homepage.YAFFSisfasterthanJFFS2andconsumeslessRAM,JFFS2providesontheflyfilecompressionanddecompression,whichisveryhelpfullforsmallFLASHs.ThereiscurrentlynosupportforthewidespreadSmartMediaDOS̀FATfilesystem,mainlybecauseit'snotareliablefilesystemforindustrialusage.It'sokformultimediaapplications.ThehardwaresupportlayerisdesignedtosupportanimplementationofSmartMediaDOS̀FAT.Therearesomeeffortstoimplementit,butit'sinanearlystage.ThereareacoupleofSmartMediaCardadaptorsforUSB,PCMCIA,FireWire...withLinuxdriversavailable,whichsupporttheSmartMediaDOS̀FAT.JFFS2andYAFFSincludebadblockmanagement,wearleveling,errorcorrectionandprovidereliablefilesystemsforindustrialuseontopofNANDFlash.



2007�07�19 http://www.linux�mtd.infradead.org/archive/tech/nand.html #3JFFS2specificinformationJFFS2OutofBandusageJFFS2usesthedefaultautoplacementscheme.TheonlyJFFS2specificusageoftheoobareaisthestorageofthecleanmarkerNandchipswith256bytepagesizeand8byteOOBsizeOffsetContentComment0x06Cleanmarkerbyte0ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x85.Intheremainingpagesthisbyteisreserved0x07Cleanmarkerbyte1ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x19.IntheremainingpagesthisbyteisreservedNandchipswith512bytepagesizeand16byteOOBsizeOffsetContentComment0x08Cleanmarkerbyte0ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x85.Intheremainingpagesthisbyteisreserved0x09Cleanmarkerbyte1ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x19.Intheremainingpagesthisbyteisreserved0x0aCleanmarkerbyte2ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x03.Intheremainingpagesthisbyteisreserved0x0bCleanmarkerbyte3ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x20.Intheremainingpagesthisbyteisreserved0x0cCleanmarkerbyte4ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x08.Intheremainingpagesthisbyteisreserved0x0dCleanmarkerbyte5ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x00.Intheremainingpagesthisbyteisreserved0x0eCleanmarkerbyte6ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x00.Intheremainingpagesthisbyteisreserved0x0fCleanmarkerbyte7ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x00.IntheremainingpagesthisbyteisreservedNandchipswith2048bytepagesizeand64byteOOBsizeOffsetContentComment0x10Cleanmarkerbyte0ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x85.Intheremainingpagesthisbyteisreserved0x11Cleanmarkerbyte1ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x19.Intheremainingpagesthisbyteisreserved0x12Cleanmarkerbyte2ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x03.Intheremainingpagesthisbyteisreserved0x13CleanmarkerThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x20.Intheremainingpages



2007�07�19 http://www.linux�mtd.infradead.org/archive/tech/nand.html #4byte3thisbyteisreserved0x14Cleanmarkerbyte4ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x08.Intheremainingpagesthisbyteisreserved0x15Cleanmarkerbyte5ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x00.Intheremainingpagesthisbyteisreserved0x16Cleanmarkerbyte6ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x00.Intheremainingpagesthisbyteisreserved0x17Cleanmarkerbyte7ThisbyteindicatesthatablockwaserasedunderJFFS2control.Ifthepagewassuccesfullyerasedthisbyteinthefirstpageofablockisprogrammedto0x00.IntheremainingpagesthisbyteisreservedHOWTOimplementNANDsupportWherecanyougetthecode?ThelatestchangestoJFFS2andtheunderlyingNANDcodearenotinthekernelcodeatthemoment.ThelatestcodeisavailablefromCVSanddailysnapshotsTherearefourlayersofsoftware.1JFFS2:filesystemdriver.2MTD:MemoryTechnologyDevicesdriver.3NAND:genericNANDdriver.4HardwarespecificdrivertheMTDdriverjustprovidesamountpointforJFFS2.ThegenericNANDdriverprovidesallfunctions,whichareneccecarytoidentify,read,writeanderaseNANDFlash.Thehardwaredependendfunctionsareprovidedbythehardwaredriver.TheyprovidemainlythehardwareaccessinformationsandfunctionsforthegenericNANDdriver.ForYAFFSappliesthesame.APIDocumentationAcompleteAPIdocumentationisavailableasDocBooktemplateintheDocumentation/DocBookdirectoryoftheMTDsourcetree.ReadtheAPIdocumentationonlineSupportedchipsMostNANDchipsactuallyavailableshouldbesupportedbythecurrentcode.Ifyouhaveachip,whichisnotsupported,youcaneasilyadditbyextendingthechiplistindrivers/mtd/nand/nand_ids.c.Thechipnamedoesnotlongercontaincrypticpartnumbers,asthedeviceIDisjustaninformationaboutsize,eraseblocksize,pagesizeandoperatingvoltage.Addanentry,whichcontainsfollowinginformation:{name,id,pagesize,chipsize,erasesize,options}refcommentnamestring:"NAND'size''voltage''bus̀width'"idchipdevicecode.Thiscodeisreadduringnand_scan.CheckdatasheetforthecodeofyourchippagesizePagesize(0,256,512).0indicatesthatthepagesizecanbereadoutfromthechipintheextendedIDchipsizeThetotalsizeofthechipinMiBerasesizetheerasesizeofyourchipinbytes.0forchipswithextendedIDoptionsOptions.Bitfieldtoenablechipspecificoptions.Seenand.hPleasecontactNANDdrivermaintainertoincludeitinthepublicsourcetree.Manufacturercodesarescannedduringnand_scantoo.IfthecodeisoneoftheknowncodesinthemanufacturerIDtable,thenameofthemanufacturerisprintedout,else"Unknown"isprinted.Thishappens



2007�07�19 http://www.linux�mtd.infradead.org/archive/tech/nand.html #5whenyourhardwaredriverisloadedandcallsnand_scan.Addcodes,whicharenewandcontactNANDdrivermaintainertoincludeitConfigsettingsThefollowingconfigswitcheshavetobeset.JFFS2onNANDdoesnotwork,ifoneofthesesettingsismissing.CONFIG_MTD=yCONFIG_MTD_PARTITIONS=yCONFIG_MTD_CHAR=yCONFIG_MTD_BLOCK=yCONFIG_MTD_NAND=yCONFIG_MTD_NAND_YOURBOARD=yCONFIG_JFFS2_FS=yCONFIG_JFFS2_FS_DEBUG=0CONFIG_JFFS2_FS_NAND=yMakesurethatfs/Config.incontainsthefollowinglines:dep_tristate'JournallingFlashFileSystemv2(JFFS2)support'CONFIG_JFFS2_FS$CONFIG_MTDif["$CONFIG_JFFS2_FS"="y"̀o"$CONFIG_JFFS2_FS"="m"];thenint'JFFS2debuggingverbosity(0=quiet,2=noisy)'CONFIG_JFFS2_FS_DEBUG0bool'JFFS2supportforNANDchips'CONFIG_JFFS2_FS_NANDfiFAQPleaseseetheNANDsectioninMTDFAQ'sReferences:OpenSourceJFFS2andNTFLarelocatedonthiswebsite.YAFFSislocatedatYAFFS̀Homepage.HardwareToshibaSamsungSSFDCForumM̀SystemsMaintainersJFFS2ismaintainedbyDavidWoodhouseThegenericNANDdriverismaintainedbyThomasGleixnerPleasedon'tcontactthemdirect.Askyourquestionsonthemtd̀mailing̀list.Anysuggestions,improvements,bug̀reportsandbug̀fixesarewelcomeThomasGleixner$Id:nand.html,v1.12005/03/1213:43:49gleixnerExp$


