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Flash Technology Scaling History
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Volume Production Year / Technology Generation Source: Intel

Flash Invented in mid 1980’s

®* NOR flash evolved from EPROM

* NAND started as poly-poly erase cell later evolving to present structure
~20 years & 10 Generations of High Volume Production
8+ years & 5 Generations of MLC: 2bit / cell

Intel Asia Academic Forum 2007 @
L4 24 — 26, October 2007 |
Bresstion

New Delhi, India
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Flash Cell Layout and Cross-Section
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e N-Channel MOSFET with a few distinguishing features:
- Isolated floating gate
- Charge storage on Floating gate modulates threshold voltage of underlying MOSFET
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Write Amplification

Write Amplification is the amount of NAND written
for a requested amount of write from host

Erase Block (EB) DRAM Copy
Page 63 Page 63
Page 62 Page 62
Page 61 Page 61

Page O

First retrieve Then insert

all data in new data in
erase block retrieved cop

*Simplified example to illustrate the write amplification effect. Specific algorithms vary greatly.

" NAND Products Group ( intel.
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Write Amplification
o Write Amplification is the amount of NAND written

for a requested amount of write from host
Erase Block (EB) DRAM Copy
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*Simplified example to illustrate the write amplification eftect. Specific algorithms vary greatly.
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High Endurance Technology ?

 To extend the endurance of an SSD, the NAND
P/E cycle limit needs to increase

* The Intel SSD 710 Series with HET contains
NAND components that demonstrate high read
margins and improved retention quality

 Background data refresh

moves data around during periods of inactivity to re-allocate
areas that have incurred heavy reads.

« Extra spare area that lowers write
amplification




Premium Nand - Optimized Program
Placement

« High Endurance Technology R1 R2 R3
(HET) has tighter program
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MLC Placement V;
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+ Additional margin can be
budgeted for further cycling
and data retention capability

+ Need to ensure balance
between performance and

endurance

HET Placement




HET vs MLC Overall Results
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Hf'gh\ Endurance Technology shows significant gains
in Raw Bit Error Rate

Source : Intel
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L&

BE HE & -2
Raw (34nm . e
i i) THHRAERIC. TEEDHITR =. ITvat
05 Fs{zcﬁ(')'l?‘é%tfgt Norrmalized EY—DTOvHE, 34nm ETIE. 1 TOws &=
(50mm 15) T L#L (Raw) fEAS 1 F28mMT 3,
Power-On Hours L e -
09 Count Raw EIEMNA 1= o - BRI,
oc Powercyde  paw BROL Y | +7EBYE L RREY.
BETHEWY Yy MO UNRE-FRIERE, [STANDBY
co Dnsafe Shutdown gy IMMEDIATE] 37> K7 L CERNA 7125 o 115812
e BT %,

RRA K (PC) IT&>TEEZRAEN-T—E2E (E75—%)
#&RJ, MI L% (Raw) fEAY 65536 £ 42— (32

E1 JHost Writes REL MB) &Iz 1 Fo AT, B, BELTIE [MB)
[GBl] IZHME L TXRTRT 5,
Available FHEHDZE > TS ERT, ERELT )
ES Normalized 10 (Normalized) fE(Z%. 100 /8s—t > F%#&RT 100 N 54

RESlEel SR 3%, FEOHHEZ 10 /S—t> FET,

_ EATAT7THAIT TV AE)—DEVNRAALRERE
Eg Medla Wearout  Normalized %Y. THMEEEMAMER 312D, ML
(Normalized) fEAY 100 ™5 1 ANEAD L TUL,

End to End Error ESA4 TRDT—FRBICENT, LBAZTF v I DR

BS Normalized 99 [CEEL-IS—OE#ERT ., LBAZITFzvIIE. T—
BDEEEFERT H-DHIZTThNnb,

Detection Count







E{EE/EZRICEDOSRT

AEHICIBEBINTUWSERIE. 17V RROBMEHRAZEMELZLDTY, RRICHEBEOTTEERFIEC Intel's Terms and
conditions of SalesJICEENTLBIRBZRE. 1TNRVWHDEZEZESHLDOTRLEL., T/ TV RRORTEC{ER IR
TRRARELISERTORE IFEENADOES K., BmEICETIRIL. B8O TIE. F(EIE T, NMMMBIEEZEE
LTWLEWCEADRIEZED) ICAALTE—HETEEZ2EDLLVENELET . 17 VR RIS, EE. Him, ERBELEOHNA
DEAZAHRELZHDOTIRHIEEA.

170hRmIS. FPEEARHPEESNIBAHHVET, FABICEBREINTVIITATORR. B, HLUHER. RED
FRICEIOHEOTHY, HELAOBNTRIARICEhEEA,

HBEEPHSDOPICT FHIES 1FB RER (ELENTVDEDHHIETH, TOMEHFELLVRBRLASHORFIEZE
StORHRICL TR EVEEA, ChHSDIRBR. 1TV RROEDICFHILTVBIEDTY ., 1TV HHERINSOHBZER
LECEREY, ERHPELCLEVEBREARDIAEIL TS, 1T VR—UIREZEDLEVEDELET,

ARERICEBINA T3 TVRER. T7VEERRINSRE LORESHIFN TV S HEMEHAHY. DRASh TS HERE
FRLGIEETIBEHNHVET, REEXTICHBALTLBIIZ7V2DOREICOVTE., 1FIETHBRIVEDEEZEZ,

AFHEICIE. SEEREICHIRMOBHAIENTOET FRBTRHUSNIFBRE. FELUICEFENBIIEHHVET. &
BHELEICEHEZ2TOEVTEZL., RAEENTHHIIC, BREREBEEFTRMOLEHRESMOEDEES,

Intel, 27, Intel A, Xeon. Intel Coreld. 7 XVAEREELIUEDMHDEICIEITS Intel Corporation £7=IFEDFE4LD
BiEFBERBIETY.

ToftntE. RRBLEER., —RICEHOBIRFLIERBIFETY,

°2012 Intel Corporation #EEFTOHS|MA. EHEELET.




