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Prediction of Soft Decision Sensing Level Based on Distribution
of Cell Threshold Voltage Using Machine Learning

Hae-dong No - Jun-Geol Baek

Department of Industrial and Management Engineering, Korea University

Along with the rapid growth of the NAND flash memory market, the phenomenon of stacking 3D NAND flash
memory is also steadily increasing. As the number of stacks increases, NAND flash memory will inherit
different cell threshold voltage distributions for different physical characteristics. Furthermore, this phenomenon
intensifies as the deterioration of data neglect is added. Considering the threshold voltage of these various cells,
it becomes difficult to derive the sensing level during the operation of embedded memory products. In this
paper, we propose a Sensing Level (SL) prediction method for making Soft Decision (SD) using machine
learning. The proposed method experimentally confirmed the possibility of constructing a model that reflects the
threshold voltage distributions of various cells. The prediction accuracy of the model confirmed an excellent
performance of 94 to 99%, improving 36 to 52%p compared to that of the probability-based prediction method.

Keywords: Distribution of Cell Threshold Voltage, Machine Learning, NAND Flash, Soft Decision, Sensing
Level Prediction
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A5 HAF . Bose-Chaudhuri-Hocquenghem(BCH) = E
7} Hard Decision(HD) A Al 2% 1] 29 (decoding)S 5 3h=
HH | Soft Decision(SD) A7l & AH&-3t= LDPCY &7 A4 5
g2 HD AES HEC], HE Fo oz & AR
Log-Likelihood Ratio(LLR) & F7}5t )29 & S8 5}17] o
o 7He sttt ol 8 HIE 32 A4 #8(Sensing Level, SL)
of o3l 7ak( strong) ol 2] 9} F3H(weak) ol H 2 2R H =0, A

A oy REFE Fo 2 odee H&E Strong Error
Ratio(SER)2} L 31T} SD A Ao A 5 2.3 LLR 4 5= SERT}
=2 FHAA o] Ah(Wang et al, 2011). HHA SD 2GS &
gt e A4 AAE AR FA57] e A e SER=
123k SL o) 2 mdo] YA o] 31 Z Q 3TH(Park ef al., 2020).
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2 ERe PHE hest 2k AFAAE W7 A4 3
B @70l ts) AT A3HAA SL S mAL
S A AP AT A4l A ALSHE ML 715 SL
A% 289 A54S HA%] ool 38 S mdol A
B2 45 P4 Y22 AP ol FeAdh Aol
ARG EHFHT FF APFTE AN B,

21 R B A EE

e ZYPA W 2e] A 28 A o] E(Floating Gate, FG)
S}(charge) & E o % (trapping)3te] Hl 0Bl & AR st &
27)(program) k1L 3}, M) 2 FGoll U ASHE )
TAE A7 (erase)2taL T}, 227 9F A7) ) WHEH
52H& P/E(program/erase) AFo]ZH(cycling)o)2hal 31H,
3% P/E Aol 28 0 & Qlel FG 117 = A A otslE of
{FCH(Cai et al., 2013). B1o]E] ®X](retention)= o] 243
(programed) A B = W3] A 7ko] F7}gto| whet v o] B ¢ o
7} F7veke AEHE oJn| 3ttt PE Abo] 293 ElolH A =
A W R tEHQ d3tEolt

<Figure 1>& P/E Abo] S 3} A AlTto] Aojd & HE
2 #-&(Bit Error Rate, BER) %712 Uehiith, 18] FGol E
#HF B datFo] BeTE Moty FZE(leakage)> T S e}
Atk &, B B2 AdetFo s 2oyl A2 x| g3t 9s)
O B2 2Ed X(stress) S =T 2 v o] Th(Kim, 2005).
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Figure 1. Rates of Various Types of Errors as P/E Cycles Increase
(Caietal,2012)
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Figure 2. BER vs. Physical Location(Cai et al., 2012)
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Figure 3. Relationship between Sensing Level and SER
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<Step 1> <Step 2>
Data Collection of Get SL Value based on Cell
Data Retention  Distribution by Target SER

- f o

2 SensingLevel

X Cell of threshold voltage:
Based on Cell Counting

—~

S1+5;

SER =
S1+S)+ W+ Wz))

b

O F Step 4°llM = SFHFEM
< T

L 7|4k 2dS o] 83 SL 9%

SESEEREERERS

B =20 AHEE dlojH = A4l 3D TLC HE A W=
29| ol 2 331,190/ o]t} 2% o5 B 52 9
A= thokd B2 9h Fako] 2 o] Bl (data set) T3] 2
S3kt} whebA] ElolE WA Fshel o) g A 2E A
Bxol & Bie 2= 7R o s A Ael(state) AFo] 2] RPT
o] gloJHZ Ag-g 33} th(Mizoguchi et al. 2017). THF3H
T2 Wt o slolH 32 98, thekdt PE Cycle B = 0
~ 1,000A 7k9] 12 dolE] W d3fel tf] 24417t F71=2
24 EA g3 A B d BX do]HE £ 9H A

2E Aot B¥ fo|E=324 SERE A BT 7)dke) SL SR
o Ab&-3Th
3.2 SER®E Al 28 A}t ¥ 7)uke] gL, 3w

<Figure 4>9] Step 29} Zo] A /|5 444 7|HOoE BX
SERO] U)3 SL& =&t A B8 A EXAAM 5, W,
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<Step 3 > < Step 4>
Training of ML Model Prediction

Sensing
Level
Value

Figure 4. The Proposed Method
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Table 2. Comparison of Test Performance
Measure Accuracy in Acceptable Error Range T (mV)
SER | Model | Case e ™ T MR | 10 <15 20 25 30 35
ML RF 29.7 4.2 93.5% 98.9% 99.8% 99.9% 100.0% 100.0%
Based MLP 87.2 7.3 73.0% 89.7% 96.7% 99.0% 99.8% 99.9%
LR 174.4 10.3 57.2% 76.3% 88.1% 94.2% 97.0% 98.4%
Probability 1 time 582.1 16.2 41.9% 59.6% 75.2% 85.5% 90.5% 93.0%
30% Based 2 times 2347 12.0 50.0% 69.9% 83.6% 90.7% 94.3% 96.4%
3 times 111.3 7.8 76.3% 87.9% 93.5% 96.3% 98.2% 99.4%
Equally 1 time 1819.3 39.9 5.1% 7.7% 11.0% 15.7% 22.8% 33.3%
Split 2 times 301.9 14.6 36.0% 52.9% 69.7% 84.7% 94.6% 98.2%
3 times 134.2 9.6 57.0% 77.1% 91.5% 99.4% 99.8% 100.0%
ML RF 15.8 31 98.3% 99.8% 100.0% 100.0% 100.0% 100.0%
Based MLP 49.3 5.5 85.6% 96.4% 99.2% 99.9% 99.9% 99.9%
LR 110.7 8.1 69.1% 86.4% 94.1% 97.2% 98.7% 99.5%
- 1 time 381.1 12.9 52.3% 73.2% 86.4% 91.5% 94.0% 95.3%
Probability ;
40% Based 2 times 144.8 9.4 62.3% 81.9% 91.1% 95.1% 97.4% 99.1%
3 times 68.1 6.1 84.3% 93.1% 96.6% 98.7% 99.7% 100.0%
Equally 1 time 1462.9 36.3 4.0% 6.5% 10.1% 15.2% 25.0% 40.1%
Split 2 times 267.0 14.2 33.7% 53.1% 73.3% 90.6% 97.6% 99.4%
3 times 86.4 7.7 69.1% 89.3% 99.0% 99.7% 100.0% 100.0%
ML RF 8.7 2.3 99.7% 100.0% 100.0% 100.0% 100.0% 100.0%
Based MLP 28.7 42 93.8% 99.2% 99.9% 99.9% 100.0% 100.0%
LR 70.7 6.4 79.9% 92.9% 97.1% 98.8% 99.7% 100.0%
Probability 1 time 244.5 10.2 63.3% 84.4% 91.7% 94.6% 95.6% 95.7%
50% Based 2 times 89.6 7.3 75.4% 89.7% 95.2% 97.9% 99.5% 100.0%
3 times 43.0 4.8 90.1% 95.9% 98.6% 99.8% 100.0% 100.0%
Equally 1 time 1102.1 31.8 3.5% 6.4% 11.2% 19.6% 36.7% 58.1%
Split 2 times 2252 134 33.1% 56.9% 81.6% 95.8% 99.3% 99.9%
3 times 67.8 6.8 73.9% 95.8% 99.3% 99.9% 100.0% 100.0%
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