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Real Drive Testing 4x cTLC Endurance Extension

Phison X1 + cTLC sample Size :
' 8 Drive, 256 Die

Data Retenti
al:cr:a:'i‘n:;n End of Life, PE 3K PE 13K

3 Month ‘ >‘

4x Endurance

NAND Cycle
Increasing

1. Reliability = No Data Loss : No Soft Decode Triggered
2. Performance = Read Performance : 7200 ~ 7250 MB/s

3. Online Read Level Tracking

- Background and Run-Time adjusted Operation
- Retry Trigger Rate : 1e-5~1e-3
- Soft Decode Trigger Rate : 0
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Real Drive Testing 4x cTLC Endurance Extension m

R —— bower-On Retention M Flash Memory Summit

Sequential Read - Performance Sequential Read - Retry Trigger Rate
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Real Drive Testing 2x eTLC Endurance Extension m

Power-Off Retention 3M
Sequential Read - Performance

. Sample Size - 7400 Flash Memory Summit
Phison X1 + eTLC ample >ize
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Increasing
1. Reliability > No Data Loss : No RAID Triggered i
= .41 =l
2. Performance = Read Performance : 6400 ~ 7250 MB/s e
2. 5L .
3. Online Read Level Tracking . |
- Retry Trigger Rate : le-6~1e-2 108 k l
- Soft Decode Trigger Rate : 1e-10~1e-7
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Real Drive Testing 2x eTLC Endurance Extension

Power-On Retention 3M
Sequential Read - Performance
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Extra Failure Mode

1. Power-On Retention
2. Cross Temperature (0/70°C)

Power-Off Retention 3 Month
+ Power-On Retention 3 Month

- No Data Loss (No RAID Triggered)
- Read Performance : 6650 ~ 6800 MB/s

- Retry Trigger Rate : 1e-5~1e-3
- Soft Decode Trigger Rate : 1e-10~1e-8

Knows What You Need



Phison Error Recovery Feature Overview m

Flash Memory Summit

1. Intelligent NAND Flash Management : Default Read Level/Retry Table
Reduce NAND Flash Error Bits HB
Hf;\rd ECC . A Error Bits in NAND Flash
A correction capability /W
NAND Flash 5
Probability Error Bits Soft ECC = 1. Error Bits Reduction
Density correction capability
. ope HB
- mm) | 2. Stronger Decoding Capability A
/\Q( Error Bits in NAND Flash
> 5
Error bit Soft Bit ngde ‘2. Enhance Decode Capability
SBSBA

AN

Phison Feature

Error Reduction/Performance/Latency Reliability/Endurance
1. Optimal Read Level Search (Coarse/Fine Tune) 1. Soft Decode : Auto-Calibrated LLR
2. Online Read Level Tracking 2. Soft Decode : Interference Cancellation (DSP2+)
3. Dynamic Error Recovery Sequence 3. Soft RAID
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Optimal Read Level Search m

Flash Memory Summit

Optimal Read Level vs Traditional Retry Table Robust Read Level Search Algorithm

- Huge Error Bits between Retry Table and Optimal Read - Phison Read Level Search Process is Fast, Simple, Accurate
Works for all kinds of NAND Flash and Operation Condition

- Read Level Search is the fundamental of Online Read Level Tracking
TLC : Multiple Failure Mode
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Online Read Level Tracking

Flash Memory Summit

Ideal Design Target 'f
- Every read command with Optimal Read Level |
- Keep Performance/Reliability with minimum Refresh Operation {

Phison Tracking Algorithm can keep Performance/Reliability with extreme low Refresh Count

cTLC - Mixed Failure Mode eTLC - Mixed Failure Mode
Extra Refresh Count Extra Refresh Count
- Power-Off Retention 3M 06 M Power-Off Retention 3M i
- Power-On Retention 3M - Power-On Retention 3M
-Cross Temperature Write/Read 05 L Cross Temperature Write/Read
045 -Overall : Retention 6M + Cross Temp | "~ |]=Overall : Retention 6M + Cross Temp
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Average Extra Refresh Count : 0.1 Average Extra Refresh Count : 0.5
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Online Read Level Tracking m

Memory Unit

Died Diel Flash Memory Summit
PO P1 PO P1

Basic Idea VBO

- Tracking/Record Read Level Table Index for each Memory Unit vB1
(Wordline/WL Group/Block/Plane/Die...) VB2
- Apply Tracking Read Level to Every Read command

VB999

O%timal Read Level Distribution over PE/Retention

Gray Points : Optimal Read Level
Red Circle :Run-Time Generated Table

Offline Retry Table
Cons : Table Size vs Coverage
(Variance, Failure Mode.. )

Run-Time Table Management
Pros : Suitable for all the operation condition

Run-Time Generate/Delete/Management of Retry Table
Start with empty retry table

-40 -30 y -20c|1 -10 0
e Efficient Tracking Algorithm = Small Tracking Interval

- Better Reliability/Performance
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Online Read Level Tracking

cTLC - Mixed Failure Mode

|  Average Retry Count _ ‘ Flash Memory Summit
Quick Tracking Correction ;gx;:g:ttvgmm
- Tracking Read Level may be invalid L 1
- Run-Time Update Read Level Table for each Memory Unit g
- Find Correct Read Level Quickly when Tracking Read Level invalid cj:“: 14

1.05
Optimal Read Level Distribution over PE/Retention

[ T T T "
Tracking Read Level may be invalid +++ 1
1. Power-Off, Lower Power Mode ' h % o PE Count % e 19K
. are ; eTLC - Mixed Failure Mode
2. Oper?tlon Condition Change st Tracking Read Level _Average Retry Count _
3.  Tracking Interval ~Power-Off Retention 3M
=Power-On Retention 3M
‘—»— Cross Temperature Write/Read
g 1.06 | .
820 - =
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-30 + + - S A ~ \ - }
Current Read Level & il 2o ]
e
-40 ! ! L 1 1 i
-40 30 Vr§£d1 -10 0 17K 19K o 21K 23K
Average Retry Count : the number of trials after Initial Read Fail
Maximum Average Retry Count over all Operation Condition : 1.15
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THANK YOU!



