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= Solutions for Emerging Applications

= Summary
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Confirmed Key Circuit Techniques MCL (2bits/cell) for 3bits/cell & 4bits/cell
NAND Technology (Self-boosting, ISSP) Mainstream (32Gb MLC in 34nm)
& Manufacturability Reported (4Gb SLC & 8Gb MLC

(32Mb NAND Developed) in 65nm)
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4Gb MLC
2Gb SLC
1Gb SLC
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B: # of Bitline/Page Buffer

Block Size=(A*B*C)*D

Erase Program Mismatch (EPM) = A*B*C
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Erase Program Mismatch (EPM) is a key parameter to
degrading write efficiency (i.e. increase write amplification

factor)

EPM =64 (SLC) &
128{MLC)
xekBl— 0 | 0\ N\ e
2Gb/4Gb/8Gb
MLC
128KB [ EPM =32 :
EPM = 16
A
16KB |—
8KB |—
I 8Mb/16Mb
90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10
» 32 cellsINAND < 32 cellsINAND

» 16 cells/NAND
« 2KB Page Buf. < 4KB Page Buf.

» 8 cellsINAND * 16 cells/INAND
* 2BLs/PB
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« 512B Page Buf. « 512B Page Buf. ¢ 512B Page Buf.
Santa Clara, CA USA . 2BLs/PB . 2 BLs/PB
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Cell Endurance: # of Reprogram Cycles Data Retention: Ability to Retain Charge

10K [— Syears|— [~ —
SKfl—m 1 T, 2.5years|—
sk = T,
1K T lyears

Tech. Tech.

Reliability degradation combined with the current NAND architecture
trend introduces a negative impact on computing applications
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l Write Efficiency = Total Data Written by Host
Total Data Written to NAND 1

111 ] Total Host Writes = NAND Endurance Cycle |
* System Capacity 1
* Write Efficiency |
* Wear Leveling Efficiency |
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Current NAND Flash Architecture
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A: # of Bit/Cell

B: # of Bitline/Page Buffer
C: # of Cell/NAND String

SiEEneE Block Size = (A*B *C) *D ;
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FlexPlane with 2-tier Row Decoder Scheme

FlexPlane
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FlexPlane Operations
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sufabur 2-Dimensional Page Buffer Scheme

2-Dimensional Page Buffer >
(Shared Page Buffer)

A

0.5x Bitline Length
compared to conventional Lower Plane
NAND architecture

Santa Clara. CA USA Micron 32Gb NAND Flash in 34nm, 2009 ISSCC
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Block Erase Partial Block Erase Page-pair Erase
-
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Santa Clara, CA USA

* Jin-Ki Kim, “Low Stress Program and Single Wordline Erase Schemes for NAND Flash Memory”,
August 2009 IEEE NVSMW Aug. 2007. 12



0 Lower Operating Voltage

H.V. Gen H.V. Gen H.V. Gen
1.8V
o}
Core and Peri. Core and Peri. Core and Peri.
1.8V
o)
/O /O /O

* MOSAID’s Low Stress
Program Scheme*

* Jin-Ki Kim, “Low Stress Program and Single Wordline Erase Schemes for NAND Flash Memory”,
IEEE NVSMW Aug. 2007.

Santa Clara, CA USA

August 2009 13



1

\l

AN

* Device interface
independent of memory
technology and density

* Packet protocol with low pin
count

» Configurable data width link
architecture

 Flexible modular command
structure

» Simultaneous Read and
Write

* EDC for command and
ECC for registers

* Daisy-chain cascade with
point-to-point connection of
up to virtually Unlimited
number of devices

New
Device
Architecture

* Fully independent bank operations

» Multiple, simultaneous data
transactions

 Data throughput independent of

-« core operations

* Device architecture for performance
and longevity

= FlexPlane Architecture
= Two-dimensional Page Buffer
= Two-tier Row Decoder

* NAND flash cell technology

» Page/multipage erase function
* Partial block erase function

* Low stress program scheme

» Random page program in SLC
» Low Vcc operations

MCP HLNAND

Santa Clara, CA USA

August 2009
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* Dynamically configurable bus width from 1-8 bits
e HL1 parallel clock distribution to 266MB/s

e HL2 source synchronous clocking to 800MB/s, backward
compatible to HL1

=) HLNAND ®) HLNAND

e, h Controller

Interface
{(®m HLNAND ¢m HLNAND

Santa Clara, CA USA
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12 x 18 100-Ball BGA
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each side)
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Fraont B _Rack
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Vref and Reset pins shared by all channels
= 5 pin SPD interface

= Forward compatible to HL2 800MB/s source
synchronous clocking
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- channel input/output pin assignment
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controller

A HL1 A HL1 A HL1 .\ HL1

CH1in - MCPs— Mcps_ MCPs— MCPs

HL1 HL1 HL1 HL1
CH1 out 4El . (NN . (NN co. (U .

HLDIMM HLDIMM HLDIMM HLDIMM

Interleave - 2133MB/s Aggregate Throughput

CHOIN WD yices Jéésﬂ
) HL1 HL1
CH2in ) c-. I  cr:
CHO out 4 yice: (I c:: d
HL1 HL1
CH2 out (N - (I s
CHLin HEEp yce: IS Jéésﬂ
. HL1 HL1
CH3in I c-. I  cr:
CH1 out 4EE ycp: (I |/cr: d
HL1 HL1
CH3 out (I c-. (R /cr:

HLDIMM HLDIMM
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HLDIMM Loop-around
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empty socket
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Capacity, Bandwidth and Random IOPS

Capacity & Bandwidth vs. # of Modules Random IOPS vs. # of Modules

Number of Modules Number of Modules

Santa Clara, CA USA
August 2009 21



i YICE

AN

Santa Clara, CA USA
August 2009 22



architectures and applications

= Using HLNAND Flash, Storage Class Memory

IS viable today using proven NAND flash
technology

Santa Clara, CA USA
August 2009
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www.HLNAND.com

Architectural Specification
Datasheets

White papers

Technical papers

Verilog Behavioral model

Santa Clara, CA USA
August 2009 24




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 4.00000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.33333
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


