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Abstract SSD (solid state disk), which is flash memory-based storage device, has the advantages of high
density and fast data processing. Therefore, it is being utilized as a storage device for high-capacity
data storage systems that manage rapidly increasing big data. However, flash memory, a storage media,
has a physical limitation that when the write/erase operation is repeated more than a certain number
of times, the cells are worn out and can no longer be used. In this paper, we propose a method for
converting defective multi-bit cells into single-bit cells to reduce the defect rate of flash memory and
extend its lifetime. The proposed idea distinguishes the defects and treatment methods of multi-bit cells
and single-bit cells, which have different physical characteristics but are treated as the same defect, and
converts the expected defective multi-bit cells into single-bit cells to improve the defect rate and
extend the overall lifetime. Finally, we demonstrate the effectiveness of our proposed idea by measuring

the increased lifetime of SSD through simulations.
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[Fig. 1] Structure of Cell

Fig. 2= A AFAE Hoja ek E3A] H
z2) A g HEDGINE AZE & A=rol ue A=
e Eo R RSt ddoie 9 HES A%
3} 4= 9l= SLC(single level cell), & HES AATt 4=
Q1= MLC(multi level cell), Al BIEE AT 4 Q=
TLC(triple level cel)9] W42 HojFa1 Qlt} SLCx=
LSB EFIC] T HIEE o]g5to] 13} 0 2709 RS
HAZ 4= glrk. MLCE MSBSH LSB EFYS] & HIE
ol-gstad 00, 01, 10, 11 47H9] HH5 HAT &= Qlrt
TLC+= MSB, CSB, LSB E}J9] A HIEE o|-&5}o] 871
o] JRE XY & Yok S EYA vinds 5Y &
Fo| Aojet AP weh 853 5ol Aol7t
ATH5-91.

il

il

sLc 1 [ ,

EWANVANYANVE
ne_plalalajgplalea

MSB CSB LSB

[Fig. 2] Stored Method of Cell

2.2 Mo| M 3}

S el AolEd] A4S fAS WHS 5
3 2 A9 FRE FAG. WebA A AZto] At
= &84 A4S G Hlol Fashth det =
Al Smele] 971/27] FARL Aol fASHIL Ui A
Aol FaFe Zoh. webd B wnel o] gwai
OFe ALE WS AR Fig. 38 SehA vmel A



S2Al HE2 oM SZE Y E +

O] AR o]5-& HolFal Qlr}. TRy} o] o] HRi=
Aol B AYQl VthE 7|0z FREC 181
Aof] AR} FAE - AEO] o] FUlsle] =
O & o]Fsotal, ARt wiAl= A FAEFOE olEgltt
JE H=E] o)so] Vihs dolAH Aol FH7F 0
ot 183 o]yst EAlE -Xsk= H|ES] FEI}
2 AofA A AYgITE. oleh YRl Y S A
oA HIES FEI] A3t AEO] o] W= F
HE FESE AR 99| Zo| F7] et dE &
o] SLCE 03t 1 BIEE 8T 5= Q= 4t29] J9ukS
TEgtth wEkA] VihE SAHoE A AR 850 whe
o] RSt vhd TLCE Y 8359 A 8352 8
N AR FAE RS P8 F HIE LRofof
Shc}. wEbA] SLCSF Hlwste] Ao A& XAk
olgvto R Aol H|E K7} od 4= SItH10, 111

2.3 HE =kl Qlgt MI st
L

Za vjmelo) 2 e 9 o]
ok webd B4 A10] 27] 5aS 918 Veol & Y
2 Wk A9 5L 9= 2o B Aol L
e Qe ek,

BitLine1:

e

Bit Line 0

String Select Line —{'J

Bit Linem

1
i |
H |

____________________

WordLine 1

Word Linen—1

]
T
]

4
I
'
T
1
I
1
I
1
I
I
'
i
1

WordLinen

Ground SelectLine h_l

Sourceline

[Fig. 4] Connection of Cell

Fig. 4= AEo] ZE=2 Add EA wre] 7|6t
AR 25 HolFaL ot I=olA= et
2 BAE AZ Alofst] ) BlE=t]] 193 Y= 2
1 0%o] A9k 7Hsfof etk =] 22 2l 2E
= dZ" A B A 5 A9 9= 7] e
of Aol Wsph A 4= Qloh. E9E, 27] A
A Mo F2 AYS Ariete] AR o=
gefst] wigol wHEE 27] S22 Atxe] W9
of Alo] &5 WIAITE A o7 o]t &4o
A EE Aol o] TAYREH12-14].

i
ot ol e

=

AL
2.4 Mo| &4

Fig. 5% o] W% A19] o2 Ko
oAl e o] 271/2197] FAHE Aol
Salol=E YolA] Axte] oj5L ofnlat
o 142 AolES] SAlel= e YolA] Hg
o= oAl Aoleh 1T A9 FHL v
o] ARG SAlIE P o] skl 7|gke)
2= gojow WEsi A2 oujghtt. 12l &
% olgo] A} o5 SAlo|E} WG FES
AR, AiH o olelst 5L SAjolEe] &0
2 eHE £4% Fol #do] WAL A7t 94
ol=of uhsli ARe L olgA &AL 4L E3
A v AL Veol £ S QAske] BT A%

2 o 4 glom] B 9o Was Ao A

%
o $2% = % glovl 5
7t BES AY 5EL 0F

)
=

N
Mo oo 1R I U

m
£ K

T
=

&
[
N
of off |o

b

2

T O
oZ

S

&

dl

Vg

Gate

Crack Embedded

Electrons

|

g AICE)
o Drain  [—

Oxide ~—

GND —| Source

P substrate

[Fig. 5] Broken in Celll

3. O HIE T3 J|Y

=}

w
—_—
!

CRAMELY

Fig. 62 =204 Altshe 34 ofoldolE Hoj
I Qe IS Aol ago] AR A2 B vl
EE H{ota ok 123 wIHEh Mo o) i



84 AM=EQEYWS=E=EXl HO#H M35, 2023

SAolEo] vkt AWHYT. 1 A3t vl RS &
Ael7] 917t A7 Vih1} Vih2E A} dola7] A%
Stk o] A% g Huol Barh wAydch et
SLC® Agksid 59 8o HRE §AT 5 e
AbEO] Qjodo] Yrk. webd EeA] dlme] Ao upmzh
WstE ek SLCE At o] WAIg Ao e
EXT S it

Vth1 Vth2
aoken /L ] DO

Convert SLC

sLC /:}\leargin T|_Margin ’/u’\

Vih3

[Fig. 6] Key Idea

o]
oItk el AEE AL HEE Aofsh] s 9= o
QLo dAgsoel Uk Tt = el Qe HE
eele] Aut A4 Agslol 97| o] 54 AL Aol
sp7] Slef AL A7 ) FAlo] AL QrkHA @
o 23 o] B YT eile] AAE o] 3%
2 7] W] 5% Ao Eepol WS A2H

HHE e 7RsAe] okt

Bil Line0 BitLine1 -~ BitLinem Bit Line0 Bit Line1 -.. Bil Linem
| |

T i T = = T

B b: é ag [ I 2

WordLine 1 HE H,_I HE ”E ”E HE
B;;ko Ba-r:m

Channel 0

[Fig. 7] SLC Transition Policy

Fig. 72 B8 o&5lo] SLCR A Hol g Al
okl We HolFd ek SefA] vlzelol do]
52 9] 9fat AL Y 9= selo] A5 74
o4 @ At 1)1 o] 9= 2ol Y A
go] A" e Y=o elA|gke Aol k. w

g Hol|] o] HIMat 2], A97] FAS 5

e — =

l.r]
of
ol
s
N
0o
N
A
o,
=
=0,
o)
e
ol
=0,
i)
ot
fr
oy
o

Ao £ 4o W7H AEHAe Y Ad e

£ HolAolle ¥ E ol AEHAE B
Ho]x]of] &0l LTS W L A= 2l W] A
Rl EFo= olojr. & =&olMe 54 HolAl
o] T BAshE A A= 2l el Aoz
=30 LAY+ Sl HolAE Kot SLC HEshks 3
AZ ARgRI. o] W2 &l B & e HolA
o] glol8E vlE] Wdste] gioly &4dE Aok 4
U= Aol ot

3.3 Ot 222 0|83t SLC HE 7|H

SLC WgHe 28 ool thg W AR 74E
oAz FHE B2E 1HE A 745 Hol2 ¥
St Zolet. Webd 87 A 9 Aol Wasl

Failure Prediclion Bad Replace

- !
NuSEN EEEEEE
Data Block Spare Block
'
SLC Convert Replace
O TTTT]
| Data Block Spare Block

[Fig. 8] Replacement Policy

Fig. 82 WAG&S HojFal Qlot. ZeA] Hre]d]
A Esgo] WASH ofv] £ 19 1= wAlEH. 1Y
o] (oA =] WY E5 =] ASHE £F
< AAB] AAsh 3709] dE] EF0] AREIH. 18
U 3289 (b)elre &3 2555 SICE HEs ¢
AR 5 Qo wERA 2AE s Badt £52 7t
2Nz Eoles a3t lth

= 7
stolch AWe 8o 128GBY] SSDE 7FHEIT, &

2 IDE 7|H[15]& 7|&o2 it ZF SA] w2
g A2 7|t =1 upzkA] 271/2]97] B2 SLCE
100K, MLCE 10K, TLC= 3K, QLCE 1K & 4= it

3 et



A HEZZ YoM SHE JHd H = AY

=< ToOo

fiet eEXQ HY HE

M

[

ro
fol
Lz

71" 85

rlot

o

Fig. 9% 128GBE +4517] 913 £59 & Hof
1 9tk o HIE A9l 872 SLCE} H]usto] T
22 E507 4% 4= Slth IDE 7|&£2& SLC=
1,000,0007H9] Hlo|g] EZo] "as}il 48,576719] of
H] E2& ARgS 4= 9tk ¥bd MLC, TCL, QLCE ZF
Z} 500,0007H, 333,33347K, 250,00071¢] HoJE &=
7} 24,2887, 16,192, 70, 12,144719] oju] E20] WQ
it

The Number of Blocks for Consisting 128GB
1,200,000

1,000,000

800,000

600,000
400,000

0 I— I_ I l_

200,000
c ac

SLC MLC it

m Data Block  m Spare Block

[Fig. 9]1 The Number of Blocks

Fig. 102 EA] e Qs Srguizto] Ay
517] A7HA] AT = Qe Y 27] 3¢5 HojFa
et 9] Aol o] MLC, TLC, QLCY] 71&E2Ql
#7] 3= Z47F 10,485,760,0003], 3,145,734,0003],
1,048,576,0008]c]ct. ®F SLC HE-g2e #8514
12,428,800,0003], 4,279,174,0008], 1,777,216,000
glo|t}. o] Bl5= =go] 18.53 ~ (69.49% Z7H3t AL
olmjgict. ojggt YRl SLC7} o HIE A} Bwsh
o 5Y &% 9] FAT 4= = FE dolH] F
A4k 7] AARS oF 10~1008] ¢ @ol BHES 4= 9l

WS 7R 971 diEeltt.

Maximum Number of Write Operations
14,000,000,000

12,000,000,000
10,000,000,000
8,000,000,000
6,000,000,000

II ol _=

4,000,000,000

2,000,000,000

MLC e aLc

mOrignsl  mProposed ldea

[Fig. 10] Maximum Write Counts

[o

2 € SIC At 7Tl 5o e os) Wt B
290 (2144070t} o] A= ukFQl MLC B=9]
20| 9F 15.63% ZojE= AHS HojZh TLCY
QLCYO A% 77+ 26214455, 444304552 FId
349,52085, 475,404E55F°] HASHAL, 26.49%%}
41% Fasks ad7t AUk

24

Advantagesin Block Counts
700,000
600,000

500,000

400,000
300,000
200,000
100,000
0

ac

MLC TLC

mOrigna  mProposed ldea

[Fig. 11] Advantages in Block Counts

5. &2
2 =eMe 0F HE E504 ] 2T
o o HE A E53 2" A4 =% T8 £52
APESHAL o] 558 HoA T Folo] A E50=%
sk S Abekth 12 AdS 6 =2

At dee FUstdth YTl Hold Fagol

2 2 doleet & Holeg FHstel A2 e g
Qo] BejA] vme] BES A48ok PHE A7 o
oI,

REFERENCES

[1] H.S.Lee, "A method for optimizing lifetime prediction
of a storage device using the frequency of occurrence
of defects in NAND flash memory," Journal of Internet
of Things and Convergence, Vol.7, No.4, pp.9-14,
2021.

[2] H.S.Lee, "High Efficiency Life Prediction and Exception
Processing Method of NAND Flash Memory-based
Storage using Gradient Descent Method," Journal of
Convergence for Information Technology, Vol.11,
No.11, pp.44-50, 2021

[3] H.S.Lee, "A Safety 10 Throttling Method Inducting
Differential End of Life to Improving the Reliability of



86 AEQEYWS=8==Xl MO# M35, 2023

(4]

(5]

(el

(71

(8l

[9]

(10]

[11]

[12]

(13]

[14]

(15]

Big Data Maintenance in the SSD based RAID,"
Journal of Digital Convergence, Vol.20, No.5,
pp-593-598, 2022.

H.S.Lee, "Performance analysis and prediction through
various over-provision on NAND flash memory based
storage," Journal of Digital Convergence, Vol.20, No.3,
pp-343-348, 2022.

Y.Takai, M.Fukuchi, R.Kinoshita, C.Matsui and
K.Takeuchi, "Analysis on Heterogeneous SSD
Configuration with Quadruple-Level Cell (QLC) NAND
Flash Memory," [EEE 11th International Memory
Workshop, pp.1-4, 2019

H. Chen, Y. Lv, C. Li, S. Gu and L. Shi, "An Empirical
Study of Hybrid SSD with Optane and QLC Flash,"
[EEE 38th International Conference on Computer
Design, pp.175-178, 2020

L.Yang, Q.Wang, Q.Li, X.Yu, J.He and Z.Huo, "Gradual
Channel Estimation Method for TLC NAND Flash
Memory," [EEE Embedded Systems Letters, Vol.14,
No.1, pp.7-10, 2022

R.Ma, F.Wu, M.Zhang, Z.Lu, J].Wan and C.Xie, "RBER-
Aware Lifetime Prediction Scheme for 3D-TLC NAND
Flash Memory," /EEE Access, Vol.7, pp.44696-44708,
2019

R.He,H.Hu,C.Xiong and G.Han, ‘Artificial Neural
Network Assisted Error Correction for MLC NAND
Flash Memory," micromachines, Vol.12, No.8 pp.879,
2021.

L.Kong, Y.Liu, H.Liu and S.Zhao, 'Protograph
QC-LDPC and Rate-Adaptive Polar Codes Design for
MLC NAND Flash Memories," [EEE Access, Vol.7,
pp.37131-37140, 2019

G.Hemink and A.Goda, "5 - NAND Flash technology
status and perspectives," Semiconductor Memories
and Systems, pp.119-158, 2022

H.S.Lee, "A Memory Mapping Technique to Reduce
Data Retrieval Cost in the Storage Consisting of Multi
Memories," Journal of Internet of Things and
Convergence, Vol.9, No.1, pp.19-24, 2023

H.S.Lee, "A Prediction-Based Data Read Ahead Policy
using Decision Tree for improving the performance of
NAND flash memory based storage devices," Journal
of Internet of Things and Convergence, Vol.8, No.4,
pp.9-15, 2022.

H.S.Lee, "A Study on the Performance Measurement
and Analysis on the Virtual Memory based FTL Policy
through the Changing Map Data Resource," Journal of
Internet of Things and Convergence, Vol.9, No.l,
pp.71-76, 202

W.J.Buchanan, °‘IDE,” 7The Handbook of Data
Communications and Networks, pp.525-547, 2004.

0

& #(Hyun-Seob Lee) ERER)
« 20139 290 : SFslE A%
Felst (get 2

=20129 3% ~ 2021 29 : A4
Az ALdAT
=20219 3¥ ~ &4 : YA

dEH = AlAE



