HrEA Y AEY o] 7]&ets] 2] A21d A15(2022d 34)
Journal of the Semiconductor & Display Technology, Vol. 21, No. 1. March 2022.

X712 71sS 0|8 HISIIE 22I¥d
HzZ2| =9 &
ARE .Y 7. dmEAT

Design of Asynchronous Nonvolatile Memory Module
using Self-diagnosis Function

Woohyeon Shin’, Oh Yang*T and Jun Sang Yeon""

*fSemiconductor Engineering of Cheongju University,
“WOOIJIN Industrial System Co. Ltd.

ABSTRACT

In this paper, an asynchronous nonvolatile memory module using a self-diagnosis function was designed. For the
system to work, a lot of data must be input/output, and memory that can be stored is required. The volatile memory is
fast, but data is erased without power, and the nonvolatile memory is slow, but data can be stored semi-permanently
without power. The non-volatile static random-access memory is designed to solve these memory problems. However,
the non-volatile static random-access memory is weak external noise or electrical shock, data can be some error. To
solve these data errors, self-diagnosis algorithms were applied to non-volatile static random-access memory using
error correction code, cyclic redundancy check 32 and data check sum to increase the reliability and accuracy of data
retention. In addition, the possibility of application to an asynchronous non-volatile storage system requiring
reliability was suggested.
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Fig. 1. Structure of CYPRESS NVSRAM.
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Fig. 2. Proposed structure of NVSRAM.
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Table 1. Self-diagnosis NAND flash memory map
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Fig. 3. Self-diagnosis algorithms to improve the reliability
of NVSRAM.
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dword SRAM_data check(void)
{
dword rtn_val;
dword *sram_ptr;
dword check sum_data;
CRC->CR=1;
//SRAM's CRC DR to OxFFFFFFFF
sram_ptr = (dword *)0x60000000;
//ISRAM’s Start Address ~ 0Xx60FFFFFF
while(1)
{
CRC -> DR = *sram_ptr++;
check sum_data += *sram_ptr;
if(sram_ptr >= (dword *)(0x61000000))
break;
}
if(check sum_data !=saved check sum_data)
error = OXEE; //check sum error
else
error = 0x55; // check sum ok
rtn_val = CRC -> DR;
//Final SRAM's CRC32 data
return(rtn_val);

}

Fig. 4. Data check (CRC32, Data Check Sum) algorithm.

void ECC _ Algorithm(void)
{
byte error_bit = 0;
word error_line = 0;
HHITTTTTT  Error bit searching//////1111111111111]
for(byte i =0; i <5; i++)
{
word temp = 0x0002;
byte temp2 = 0x01;
temp2 = temp2 << i;
//0x02,0x08, 0x20,0x80,0x200
if(Result ECC & temp)
error_bit |= temp2;
3
W] Error line searching/////111111111111111
for(byte ii = 0; ii < 9; iit+)
{
dword temp3 = 0x00000800;
word temp4 = 0x0001;
temp3 = temp3 << ii*2;
//0x800, 0x2000, 0x8000, 0x20000, ....
temp4 = temp4 << ii;

WA AEE o7 |E3te]A] A1 AlE, 2022

if(Result ECC & temp3)
error_line |= temp4;
)
//Read data 2.3
error_line &= 0x1FF; //Max 512
error_bit &= 0x1F; //Max 31
rd_bufferror_line] ~=(1<<error_bit);

}
Fig. 5. Proposed ECC algorithm.

Aol ARE 4 ¢lol =2l HlolHE CPUWH
CRCRE ARESto] AP dlolE o] CRC32 -3} H]
8131, ¢]S Hlo]E] 5L Data Check SumS E3f E THA|
Imﬁk mpAue 2 BCC ‘MFA%% o]-g-sto] ARH
o] o7 HARE YIRS ERlste] 1 dgete &
9] HlolEE Aske] Fegt HlojE 2 HAsto] AlF
S A 2= Qi

4. N

My

1t

4 daE|Fe] HSS el EﬂAE
HEE LA o]F fJofl eARAFRLY 9 5
alA Aol A, $7IA7] FEbo] FAHoR oo
A7k gels ) BSIth Fig 6= #Stol A of sty o
& 98 A EVCCE V7l Eol® CPUY| 335+= A
oF IVCC= 33VE fAA7= T o2 &5 Hgto] 7
Aelete CPUY| 355 AU 33VE ol 7] it

T HT
<t S2e

ol PSRAM 9] gloJel & W= EeA|of #43
AZHE ghEe] Ett

IVCC | i

.
T

T
Measure P1:ms(CY)
value 1510V
status v

P2ms(C1) (=2
2419V
v

Pa:freq(C1) P5i-- Pi---
202494129 Hz
a

2,00 Vidiv
-2.000V ofst

X2= 31045 1ifX= -169.15 mHz
212612020 7:58:30 AM

Fig. 6. Power Off operation of NVSRAM.



A7 7)5S o83 vE7]E E3EA v nEol dA 89

File Vertical Timebase

Trigger Display Cursors

1

P1ms(C2) P2MS(C1) P3---
value 2881V 1580V
v v

P4:freq(C1) P5i-- 6o~
11764877 Hz
a

324685
X2= 839.8ms 118X= 308.00 mHz
2/26/2020 7:53:57 AM

Fig. 7. Power On operation of NVSRAM.

Fig 72 o] ARE 4F HFo=2 W= ZeAof
AU dlolElE PSRAMO| thA] ¥7] §isiA dlojElE
o= shgolk Aol ARZ A 7AX7] A dolH
£ 7HA%E AIAE daElEE F SnkE HlolH=
Etsto] oAl 2RI o les heo] Frh

Fig 82 CS¥3} RD, WRH S| w302 HloJE & ¢jal
2 wgolrh Ay Ansg T Aol &S
H2te CPUS A2 B R So7H| =EA b
olf{7} HEHIL o] HEH HolEE Aol thA] WY
o] ol HH 7PAebA v 2 4= Qs A& =)l

& 4 9k

¥ T T 1

CS! RN Ak )
f &1 I
1 i ‘ | ]
Aoy WA TS ARATE (A A
GD i % by 7 i
M 1 ¥ | ’1
AN AR |
el sl | |1 {h ot all i aa ] | AT
= THPY (TR 1 | T WY R w‘\r'yv'wv
WRF o H

) A
§ "AM'VH»\(%N" i it %an«/\/\‘w“

| I
o e ! W “r\r

Measure P1:ms(C2) P2ms(C1) P3e-
value 2571V 1445V
stat v v
©T

‘ iy wwlam ﬁ-,\N%m \"[
j

Péeq(C1) P5--- PB---
454015 MHz
v

L

X2= 301.2ns 1ia%= 13.26 MHz

u
LeCroy Witing fo Trigger

Fig. 8. Read/Write operation of NVSRAM.

Mmel AsEe TEsiY BEHOR Sorh
Ho) HE9k b2 Aol= QAshA] WA vmeE Ag

SHATE Aol A= AAIEA Aol B9 & 4
ol HA & = e gEolth o] Afole
H2e] = e gloE7h A X 2 glolE 7t
A AL AYAE ThA] ASHE AIREA W84
£ dodA dolHE Esof gtk o] £AIE st
7] SJeiA S ARt o] AL HolE st
A= v v et s ek A o] AR
A odlelE7t AYAE i mxee] AHE oA
NVSRAMo| ughoLy €iLo] o=y 7]4 F29
ofst7] wiizel HA wlolE7F &44E o e ER, o
Bl &S Fagsly] fsiA A darelEgE A
&3k dlole ] &4s AAES SlA dobfa &
4 dloleE 2] 2HE HlolH 2 44dh= BCC &
gk opyel dlolErt FAAA 2lsk= CPUWR-
CRC32E AME-8H= 9143} Data Check Sume 718}0] 2
/¢ dlolE o A= Aede s A8k
7Fs/3& Akt

b o i o
Mo o pf £=
S ox K

<

ZAel =

oA 2029 ® AEdista Agst 4719
71&ARAETY] “Arste] Collabo R&DAT AFARED,
S3104570)" © 2 7] Slbo} 28l oAt ATkelL|Th

o2
rar

k-

1. Dong Hyuk Park, Jae Jin Lee, Gi Ju Yang, “Modulation
Code for Removing Error Patterns on 4-Level NAND
Flash Memory”, The Journal of Korea Information and
Communications Society, Vol.35, No.12, pp.965-970,
2010.

2. In-Sung Gook, Jae-Min Lee, “A Parallel structure of
SRAMs in embedded DRAMs for Testability”, Journal
of Korea Institute of Information, Electronics, and
Communication Technology, Vol.3, No.3, pp.3-7, 2010.

3. Jun Sang Yeon, Oh Yang, “Implementation of
Communication to Flexibly Configure the Number of
Railway Cars”, Journal of the Semiconductor & Display
Technology, Vol.15, No.4, pp61-66, 2016.

4. Tae Hyun Kim, Oh Yang, and Jun Sang Yeon, “Design
of Asynchronous Non-Volatile Memory Module using
NAND Flash Memory and PSRAM”, Journal of
Semiconductor & Display Technology Vol.19, No.3,
pp.112-117, 2020.

5. Hyunju Kim, Myounggon Kang, “The Verification of
Channel Potential using SPICE in 3D NAND Flash
Memory”, Institute of Korean Electrical and Electronics
Engineers, Vol.25, No.4, pp.778-781, 2021.

Journal of KSDT Vol. 21, No. 1, 2022



>
o
S
o2

s
HN
o

www.infineon.com/cms/en/product/memories/nvsram-
non-volatile-sram.

Myeong-jin Kang, Daejin Park, “High Speed and
Robust Processor based on Parallelized Error Correcting
Code Module”, Journal of the Korea Institute of
Information and Communication Engineering, Vol.24,
No,9, pp.1180-1186, 2020.

Hyunbean Yi, Sungju Park, Pyoungwoo Min,
Changwon Park, “A Design of High Performance
Parallel CRC Generator”, The Journal of Korean
Institute of Communications and Information Sciences,
Vol.29, No.9, pp.1101-1107, 2004.

Seong Ryeol Kim, “The proposed of the Encryption
Method and Designed of the Secure Key Using Initial

BhER|E| 2 Z o] 7|4s8klA) A1 A%, 2022

10.

Bad Block Information Physical Address of NAND
Flash Memory, “Journal of Korean Institute of
Information and Communication Engineering, Vol.20,
No.12, pp.2282-2288, 2016.

Jae Hyun Ahn, Oh Yang and Jun Sang Yeon,
“Performance Improvement of Asynchronous Mass
Memory Module using Error Correction Code”, Journal
of Semiconductor & Display Technology, Vol.19, No.3,
pp.112-117, 2020.

A 20229 39 1, AAMD: 20224 39 11,
A A 2: 202219 39 259




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


