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= |ntroduction to QLC NAND

= Performance issue of QLC

= Reliability issue of QLC

= Algorithms to improve QLC Performance & Reliability
= Conclusions
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EEJ Memory-density trend since 2003.
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EEB QLC is not a New Idea

Flash Memory Summit
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EEB Complicated Programing Sequence
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* Reliability
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NAND Comparison- QLC mode

Flash Memory Summit

2D-TLC

3D-TLC

Cell architecture

WLn-1 WLn WI-n+1

Multi-level per cell

n-
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Flash Memory S
Santa Clara, CA

Error behavior A o «
(C2CI+Vth window)
Program algorithm Multi-pass Single-pass Multi-pass
Performance A o] X
Reliability (DR/RD...) A o} X
DPPM issue - WL leakage (Program operation)
ummit 2019




EEJ Phison’s DSPand System Algorithm
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3D-QLC Phsion algo.

Cell architecture W, L

WL,

WLn—l J 2

V2 PVAI PVGI PV; PV1.u PVi2  PVH4
Multi-level per cell A

Vi py3 Pvs PV Pvg puH PVI3 PV15;

Error behavior
Bad

(C2CI+Vth window)

1. C2CI-HB decode

Program algorithm Multi-pass 2 C2CI-SB decode
Performance Bad 3. Open BLK RAID
Reliability (DR/RD...) Bad 4. Dynamic program
mode selection
DPPM issue WL leakage (Program
Flash Memory Summit 2019 operation)
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M Problems for Using QLC NAND

Flash Memory Summit

« Performance
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Dynamic Buffer for TLC

e T C Free BLK

Write 4 SLC data

Performance TLC data
>
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Free BLK and Drive capacity
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M Dynamic Program Mode Selection

Flash Memory Summit

Data merge
TN Free BLK
Data merge
. A
Write SLC data
Performance \ MLC data
Dat TLC data
ata merge
‘ \ . QLC data
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M Problems for Using QLC NAND
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* Reliability
- DPPM
» Tight Read Margin
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Flash Memory Summit

DPPM Issue in 3D NAND Flash

3D-TLC 3D-QLC

Cell architecture

WLn+1
WL,
WLnfl

4

DPPM issue

WL open/ short, WL leakage (Program
operation)

Flash Memory Summit 2019

Santa Clara, CA

13



F!' DPPM Issue in 3D NAND Flash
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Casel: WL open Case2: WL short

(f st |/ suev-i || suev : - (suso 1 suet W W:LN—Z
: ~ ?‘/ : t_? : / Wit
: BO II: SUBL %svs : S SuB1 %sum 3/SUBY

1-WL RAID Protection m-WL RAID Protection

SUB number=Y SUB number=Y

RAM Buffer= 4*16*Y KB RAM Buffer= 4*16*Y*m KB

Flash Memory Summit 2019
Santa Clara, CA 14



F!' DPPM Issue in 3D NAND Flash

Flash Memory Summit
Case3: Memory hole open Case4: DSG WL induce BLK fail
== & % &
SUB RAID is required BLK RAID is required
RAM Buffer= BLK size/ X RAM Buffer= BLK size

(X: number of SUB fail)

Flash Memory Summit 2019
Santa Clara, CA
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F!' DPPM Issue in 3D NAND Flash
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Case5: Multi-plane fail induces by WL leakage

4 page /4 page, 4 page //4 page

| suso SUBL I/ SUBY-1 || SUBY
[ _|/ !
7_u’

SUBY-1 || SuBY

Worse Case:

BLK RAID is required

RAM Buffer= BLK size * plane number
Losh Memory Summit 2079 (3D NAND QLC BLK size~ 24~80MB)

Santa Clara, CA
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Flash Memory Summit

Open BLK RAID Protection

Host data Write: Open BLK

WLO
WL1

WLx

RAID parity
CEO CE1 CE2 CE3 CEn-3 CEn-2 CEn-1 CEn (temporary)
Data A1|| Data A2 || Data A3 || Data A4 Data An
Data B1|| Data B2 || Data B3 || Data B4 Data Bn
Data X1 || Data X2 || Data X3 || Data x4 Data Xn
NOTE:

Flash Memory Summit 2019

Santa Clara, CA

In order to protect Multi-WL and BLK fail case
Open BLK RAID can protect the data corruption
during program operation



EEB What is Cell to Cell Interference (C2ClI)
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2D Structure

WLn-1 WLn WL n+1 | Cell to cell interference WLn WLn+1
—— wL-wt : dWZ_Dl:
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* . % T BLn 3D Structure
= = BLn BLn+1
: dBp :
BL n+1 i
WLn+1
Capacitance~ 1/distance I dW,;
wuusts \\/Ln
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Memory cell

CZD< C3D
Where,

dWyp <dW;;,
dB,p <dBjp
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M Cell to Cell Interference (C2Cl)
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WLn WLn+1

WLn

WLn+1
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M Cell to Cell Interference (C2Cl)
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M Cell to Cell Interference (C2Cl)
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WLn WLn+1
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M Cell to Cell Interference (C2Cl)
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WLn+1

N2 2 VAR

WLn+1
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C2ClI + Vth window

Flash Memory Summit

2D-TLC 3D-TLC 3D-QLC
Vth width
w/o C2Cl ~1/2 TLC mode
(Program WLn only) -
C—
Overlap area
~ Error bit
w/i C2Cl
(Program WLn & WLn+1)
Error behavior
(C2CI+Vth window) Poor Better Bad

Flash Memory Summit 2019

Santa Clara, CA
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EEJ Single/Multi-pass Program algorithm
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2D-TLC 3D-TLC 3D-QLC
Program algorithm Multi-pass Single-pass Multi-pass
Scenario 1 (1-pass) n/a 8 n/a
8-16 program
Scenario 2 (2-pass) n/a n/a

16-16 program

. 2-4-8 program
Scenario 3 (3-pass) n/a 2-4-8 program
8-8-8 program

Performance Poor Better Bad

NOTE: 2-4-8 program algorithm @ WLn

3 time program event is required (i.e. 3-pass)

« 1stprogram: input 1 page data (L page)

«  2n program: input 2 page data (L+ M page)

« 3 program: input 3 page data (L+ M + U page
Flash Memory Summit 2019 prog put 3 pag ( page)
Santa Clara, CA 24



F!

Performance Comparison

Flash Memory Summit
2D-TLC 3D-TLC 3D-QLC
Performance Poor Better Bad
Plane per die 2 Up to 4 Up to 4
Erase time (typ.) 5 ms/BLK 10 ms/BLK 10 ms/BLK
Program throughput (typ.) 15MB/s 80MB/s 20MB/s
Read throughput (typ.) 400MB/s 800MB/s 500MB/s
NOTE:

2D-TLC & 3D-QLC multi-pass program

System support is required

1. SLC to TLC/QLC copy-back method

- High SLC endurance is required...

2. Pre-read with ECC correction method
- System error handling is complex...
(power cycle, open BLK, Fake OxFF data...)

Flash Memory Summit 2019
Santa Clara, CA



F.  Reliability (DR/RD/XT...)

Flash Memory Summit

2D-TLC 3D-TLC 3D-QLC
Reliability (DR/RD...) Poor Better Bad
1yr Data retention PE 300 PE 1500~3000 PE 1000
Read disturbed (BLRD) 3k 10k <3k
Cross temperature AT< 40°C AT>70°C AT< 40°C
NOTE:

The major reliability concern is endurance cycle
System can cover others reliability item
(Ex. read disturbed can be detect and refresh)

Flash Memory Summit 2019
Santa Clara, CA



m C2CI Cancelation

Flash Memory Summit

w/i C2Cl
wio C2C] _ LDPC- SB decode.
Vopt. . ;33 HBSBS182
N
< \
Default read (Opt.) Read level 1 (Group*) LLR set 1 (Group™)

Read level 2 (Group”) LLR set 2 (Group)

Flash Memory Summit 2019
Santa Clara, CA 27



E@ C2CI Cancelation- LDPC HB decode
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C2CIl compensation algorithm- HB decode Correction capability improvement
gms Vread(1) Vr\'fii(ﬁgz)
2
V,eua(i) = unZ((VAgg‘(k)— VEr)-y® 3104 /’A A //\‘A //'A ﬁ-\ »
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+ V,q() =WL, read voltage, i=group index 20 [—13-Section
Vo _Original read voltage, y=coupling ratio 9 B 5:55*-!!0“
Vigg' () =Neighboring cell program state voltage ?..; 3 8-Section qF
k=Neighboring cell index, < 18
Vg, =Erase threshold voltage %
-]
ki 1s_§;
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14

3-Section 5-Section 8-Section
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EEB C2CI Cancelation- LDPC SB decode
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C2CIl compensation algorithm- SB decode Correction capability improvement
RICH = Lo [EIP{*za.:ﬂz(vss(mﬂ))z}*Exi”{*ﬁ.(vss(ﬁmn*Vrgnd(i))z} _ 101
R (R S S, B TR B 10" R SO
——\ i ; E 101 ' | Fel
10 - i — / 4 I 70
% RS : T 10° [
§102 S \\§ / 510_3 / /
< B /
8 . k\Q\\ /,,é T A A . .
: \1\}\ = y f / / = / / —v— SB w/i CTCI ¢compensation
20 N R = 10° 17
| - T r . 6 : A - i + +
"2 Threshould voltage (4 e 1075016 0018 0020 0022 0024 0026

RBER
RI(j) =Reliability information- LLR

j=SB rank index,VSB(i‘n) =SB read voltage
n=Program state,o, = Standard deviation of program state n
BY)= Shrink coefficient for SB rank j

Flash Memory Summit 2019
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I:'EB Conclusion

Flash Memory Summit

« Dynamic program buffer is proposed to optimize the
system performance.

 New block RAID algorithm is proposed to reduce the
SRAM size and parity size for 3D NAND Flash

* Adaptive DSP is used to improve the correction
capability by modifying the LLR value according data
iIn adjacent WL.

Flash Memory Summit 2018
Santa Clara, CA 30
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