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M Troditional Error recovery flow

Flash Memory Summit |
FlashMemory Error recovery flow

O\ Hard decoding
%)
_E, Moving Read (Using read-retry table)
O
t'q:, Soft-decoding (lterative decoding)
i
_:IQ:') Noise Cancellation
~ RAID protection (addition parity)
High complexity
Strong correction capability DISK Rescue
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F.' 3D NAND Challenges

Flash Memory Summit

» Each 3D generation will increase the layer number by 30~50%.
» High-aspect ratio channel hole etch.

» Cell current reduction is seriously concerned.

* Reduce the read-voltage to improve the read-count (degradation
the read-disturbance) make cell current worse. =

» Different cell characteristics for each WL. (program-speed, cell-to- = EEF

QTHTHITHTH

cell interference, retention) = ¥
 Poor retention characteristics. .
AN\
N/

Not easy to screen out some defects E .‘

Especially on bit-column related defect.
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RAID is good, but....

« Put the data from the same failure range into the different RAID protection group.
« Add more write overhead, because the additional parity will be written.
« If the failure range cross the block, a plan based protection range is needed.

Super-page bundle

Super-page bundle
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12.5% overhead

50% overhead in single chip applications
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I:'EB A read back verify scheme

Flash Memory Summit
TLC region
) Copy the data from SLC to
TLC without RAID
SLC region 3
) Read back check
Write to the SLC first, If error bit iy few,

|

Buffer for DATA

NAND interface Controller
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with RAID protection program succgssfully.
Read
channel .

Plane0  Plane0

e

Plane0 | Planel Plane0 | Planel

The SLC to TLC internal copy will be use to accelerate the

write performance and power saving. (cause some random
error bit.)

If the TLC write complete, there is still a probability on TLC
read fail from read-disturbance, X-temp, or Data-retention.

@ SiliconMotion s



Bit column related Failure

Flash Memory Summit

Po ot et aeiMean ad i tae s
FlgiPLsEPL e i g pRHAsET
ie e mag@ B wmoewmew e Wam
N foh . Y s e
.—...__ _.-3.;.-...m0¢w;...-.“-p.a......a
e v 1, . ! N N
@ . @ ® [ a . v Bos s s, '
baa tede" ' wad Lase "wad ° baa rhge e,
i . 3 f—. . L A W 2
N ' - P [
o 0
¢< L3 P -. ,- . -_.- - .
f ..w N el ! nh
HHE T ' « a4 TR T
N A T B PO B (T
KRN LNEE) uaum._v_n..h.an* "4y
g v
l LY -— L] I-— L]
w ' ew e om g . o..“ N KRR
o o ta,, edY '
L] e
toar . 3 el P .l
T mm v owa " reom? poogiv vl #|
an " ! : Ll ‘ :
LJ L L LI P L -
i
.._;l...:....-.-.-...._r......m..,.__. ko
. , )
e rasefmr guw %ongeanagnagfes 0 p
i e i1 ..M..:;.:u.“_._:aﬂ:w:w—aa:u_.
o— L] .-
° Lo . . e ® an ol
L s - L et ey s, s 1 e 4 0 s
R P ..__....._........u.l..u_-_\.‘__...“..‘_... o
" ; el ey ! ]
w "0y L | - ] . ° [ L
phetwe s Foomeoda go Ta s sinetatur s Paitinder sy
0 "4 ) . h s

N ‘aw g i . , 0 : T w

-

Fail Position Chunk Index0

[} . § & a "
aegmrafplen 18 sasdr’wererim v oo w0

pirviniagIIvanaains

R S I .
__._l......w.: sd e NELE IR R (R
".t:..:,._rfi._"u:.n.-xz_.f_;_m“:w
_..._.-}_m..onv-u.-_l.-..a..._:_u.-..__.upq.-

A .., ‘" . "
L LN Y o L] 1- LI L] 71
) D N T ) T Pl

jupada .a.4.um.n. :

LI vt erea,da R B I ' A AR 3

P P PP IRIT
.
i

.u-,..wrnrr,-.-...p..m.,m..hﬂ.h-\.;_....-._4...-.__..._....m-.w-p..hnr_.h.
@) o @) o @) o
@) o @) o o
n < ] N -

200 300 400 500 600 700 800 900 1000
Column Index
&0 SiliconMotion

100

xopu| abed

Flash Memory Summit 2017

Santa Clara, CA



F!

Flash Memory Summit

Page Index
N N w W A A
o 9] o 9] o )]

-
6

10

Flash Memory Summit 2017
Santa Clara, CA

it

Fail Position Chunk Index0

$

Bit column related Failure(Zoom-in)

1
100

1
200

1 1 1 1 1 1 1
300 400 500 600 700 800 900
Column Index

1
1000

@ SiliconMotion -



I!'@ Column fail after Low P/E cycle

Flash Memory Summit

Bit Column Fail Frequency
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I!E] Column fail after median P/E cycle

Flash Memory Summit
Bit Column Fail Frequency
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Column fail after high P/E cycle
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I:'EB Vth plot after the P/E cycle

Flash Memory Summit
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I:'EB Erase Vth plot after the P/E cycle
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m PV1 Vth plot after the P/E cycle
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I:'EB PV2 Vih plot after the P/E cycle

Flash Memory Summit
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m PV3 Vith plot after the P/E cycle

Flash Memory Summit
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m PV5 Vih plot after the P/E cycle
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PV6 Vih plot after the P/E cycle
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m PV7 Vth plot after the P/E cycle
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Soft-decoding vs. HRE

« These strong error(high reliability error, HRE) is grow with the P/E.
* HRE will dominate the LDPC engine’s decoding capability.
« These kinds of HRE is predictable and recordable.

Strong-Error simulation
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m Caching system to record the high
Flash Memory Summit frequency HRE |OCa'[IOn

‘Blk#‘ ii# ‘ Chk# ‘ HRE-loc ‘ cnt \ ‘
HRE

DSP-engine

Identifier

- RS
# Hard-decision
‘ result

Yes  if HRE#

> threshold
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I:'iﬂ When HRE cause the Decoding fall

Flash Memory Summit

DSP-engine
After the Vth-tracking to get
the proper error profile

4

Fix LLR value on

the HRE location
B ——— g i

Hard-decision
result
Yes 3
> -
Chunk address match Decode done, but uncorrectable
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I:'EB 1KB LDPC simulation result
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RBER vs. FER
1.E+00 W 1 0 u = —N
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1.E-03
== add 50bit HRE
1.E-04 === 50bit HRE fixed

1.E-05 =>&=100bit HRE fixed
1.E-06 /

0.012 0.0125 0.013 0.0135 0.014 0.0145 0.015 0.0155 0.016
RBER

FER

 The HRE location will be logged.
e RBER= 1.25% with 50bit HRE: ~99.9% become correctable.
e  RBER =1.25% with 100bit HRE: ~98% become correctable.
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E@ HRE aware iterative decoding

Flash Memory Summit

Hard decoding
Moving Read (Using read-retry table)

Soft-decoding (Iterative decoding)

HRE aware iterative decoding

RAID protection (addition parity)

DISK Rescue
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I:'EJ Thanks
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« Q&A
« Jeff.yang@siliconmotion.com
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