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ONFi is a single-purpose workgroup, facilitating focused efforts and
achieving significant results in a timely manner.
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OPEN NAND
FLASH INTERFACE

ew Capa | | IES |nC u e Open NAND Flash Interface Specification
« 166 MB/s and 200 MB/s speeds Ledsonzt
 Power management features
« Enhanced ECC information el Comorntion
. Micron Technology, Inc.
« New commands for increased Numonyx
. . Phison Electronics Corp.
performance and functionality Sony Corporation
Spansion
— Small data move
— Change row address
ONFI 2.0 tripled the legacy NAND interface speed. \
ONFI 2.1 delivers a 5X speed boost over legacy NAND!

Santa Clara, CA USA
August 2009 II 5



YIOCE
SUhLIT

hlgh speed interface capabllltles of
ONFi 2.1 to this solution

 Enables 200 MB/s performance,
per 8-bit NAND channel

= BA NAND revision 1.1 ratified in
July

Controller
(No ECC reqg’d)

Santa Clara, CA USA
August 2009

Working ONFI
Draft Workgroup

Revision 1.1 RC2

2'9-I'n|ai 2008

ONFI: Block Abstracted NAND

ONFI Confidential - Restricted Distribution

ntemal working document of the ONF| Waorkgroup. As such, this is not s completed
15"»:15 :I and has notbesn approved. The ONFI W D"{;'D.JD may '*ﬁ::jfy1".= »mE'ﬂ atany tims.
This document is made svailable for review and comment only.

Parmission is granted 1o the Promoters, Contributors and Adoptars of the OMFI Warkgroup o
raproduce this document for the purposes of evolving the t=chnical content for intemal use only

without further pemmission provided this notiee is included. Allother rights are reserved and may

ba covered by one or more Mon Disclosura Agreements ncluding the ONFI participant

sgraements. Any commercis| or for-profit replication or republicstion is prohibited. Spoyriaht 8
005-2000 ONF] Waorkgroug, 4l ights reserved.

5X speed Block
ONEI increase [WAloKiig=lei=lo

R B Controller
(8-bit ECC)

5X speed

Increase
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Press Release

For Iimmediate Release

Contact: John J. Kelly
703-907-7515

(iochnk@jedec.org)

JEDEC AND THE OPEN NAND FLASH INTERFACE WORKGROUP COLLABORATE ON
NAND STANDARDIZATION DEFINING A NEXT-GENERATION NAND STANDARD WITH

Arlington, VA — May 30, 2008 — JEDEC and The Gpen NAND Flash Interface Wnrkgmup {DNF[}

nnnnn ol b oy St dleoag b se mundboresd i o o

JEDEC Solid State Technology Association

2500 Wilson Boulevard

Arlington, Virginia 22201-3834

Tel: 703.907.7515 - Fax: 703.907 7583
www jedec.org

GLOBAL REACH
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For legacy reads, performance
is artificially limited to 40 MB/s

As NAND page sizes increase,
latency becomes large

o Especially for small reads

2KB 4KB 8KB
Page, Page, Page,
Legacy Legacy Legacy

m Array Time = Data Xfer

Santa Clara, CA USA
August 2009 9
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Plpelinec

Ongoing array times to be “hidden”
ork « 200 MB/s is excellent fit for

8KB NAND pages

Microsec

75 -

50 - | = What about the future?
25 -  For 16KB NAND pages, we
0 need to continue scaling...

4KB Page,8KB Page,4KB Page,8KB Page,] 16KB

tegacy Legary ONFI21 ONFI21| Page | w ONFI 3.0: Target is 400 MB/s
®m Array Time = Data Xfer E—=

[ ONFI provides the high-speed interface needed for SSD and cache
Santa Clara, CA USA
August 2009 10

designs. Work to reach 400 MB/s is underway.
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ONFI 2.0 E45r
'NAND |

: Controller

T V)

Successful operation utilizing the
ONFi NAND module is achieved at 166 MT/s.




1

.’I i‘ L‘J‘
Sllhhl'l'

4) and 200 MB/s (mode 5)

Parameter Mode 0 Mode 1 Mode 2 Mode 3 Unit
50 30 20 15 ns
~20 ~33 ~50 ~66 MHz

Min Max Min Max Min Max Min Max

tAC — 20 — 20 — 20 — 20 ns
tADL 100 — 100 — 70 — 70 — ns
tCADf 25 — 25 — 25 — 25 — ns
tCADs 45 — 45 — 45 — 45 — ns
tCAH 10 — 5 — 4 — 3 — ns
tCALH 10 — 5 — 4 — 3 — ns
tCALS 10 — 5 — 4 — 3 — ns
tCAS 10 — 5 — 4 — 3 — ns
tCH 10 — 5 — 4 — 3 — ns
tCK(avg) or tCK 50 — 30 — 20 — 15 — ns

Santa Clara, CA USA

August 2009




YICH
F 1
SuUMMIT

35 ohm Driver, 4 NAND Die 25 ohm Driver, 8 NAND Die 18 ohm Driver, 16 NAND Die
Jitter = 32ps MinSlew = 0.66Y/NS Jitter = 88ps MinSlew = 0.66v/ns Jitter = 251ps MinSlew = 0.60v/ns
2.40 2.40 2.40
1.80 \ F 1801
NS / \ 4
120 \/ 120 \/
0.60 = /\ 060 —= A
_;// \\hf JV4 \
0.00 0.00
0.60 —tt 060 —ttt
0.00 200 400 6.00 8.00 10,00 0.00 2.00 4.00 6.00 8.00 10.00

Simulation results courtesy of Micron Technology

Santa Clara, CA USA
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up to 200 MB/s

o Traditional

asynchronous
= interface is limited to
less than 40 MB/s

=

Number of die on a single channel

Santa Clara, CA USA Read ®Program
August 2009 14
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up to 200 MB/s
100
MB/s
80
60 _J Traditional
40 gsynchro_nogs .
19 =~ interface is limited to

20 1 less than 40 MB/s

1 2 4 8 16
Number of die on a single channel

Santa Clara, CA USA Read ™ Program
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-8  1-bit
(RBER) of NAND e
Increases, the amount

Fraction Sectors Failing
(Pcw)
|_\
(@

_ 10
of ECC applied goes 1012+ 2bit g i 4-bit
up ya
-14 s
- 10
Communicating error 10° 107 10° 10° 10" 107
correction needs RBER

effectively is critical

Santa Clara, CA USA
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ONFi 2.1 allows the NAND device to communicate these parameters
together in the Extended ECC Information

= The device may communicate multiple sets of these parameters if the NAND
may be used in different environments (e.g., server, client, netbook)

 The NAND device could indicate parameters for three different block endurance
values (e.g., 1,000, 10,000 and 100,000 cycles)

« The device can communicate the needed codeword size, which likely will grow
from 512B to 1KB to avoid large increases in spare area

Byte Definition

0 Number of bits ECC correctability
1 Codeword size

2-3 Bad block maximum per LUN

4-5 Block endurance

6-7 Reserved

Santa Clara, CA USA
August 2009 II 18



execute concurrently

= ONFI 2.1 has added support for
Interleaved reads

= Enables deeper pipelining of
reads, especially in MLC situations
where the array time may be
longer

Santa Clara, CA USA
August 2009

T 1un [e21607

Interleave Interleave
Address 0 Address 1




* This requirement is necessary to allow the
controller to correct ECC errors from the pages
read as part of the copyback

= ONFI 2.1 has eliminated this storage requirement
by introducing the SMALL DATA MOVE
command

Santa Clara, CA USA
August 2009 II 20
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« Change row address changes the location the page is being
written to, avoiding writing an incomplete page to the final location

 Firmware can then perform read/modify/write actions and write the

complete page to the originally targeted location

As defined for Page As defined for Page
(Cache) Program (Cache) Program

l l
Cycle Type —{ oin { oin }—{ cmp ) apor }{ Aoor Y appr ) ADDR Y ADDR }——{ DIN }{ DIN }{ DIN }1—

tCCS

< [

DQx——( Dn >—<Dn+1>—< 85h X c1 }( c2 X R1 X R2 X R|’3 )—< le HDK+1>—(DK+2 >__

SR[6]

Santa Clara, CA USA
August 2009 II 22




* The Path to Higher Performance

Santa Clara, CA USA
August 2009 II 23



N Hi_'

Sllhh T

= Reaching particular speed grades requires a combination of enablers

200 MT/s ] [ 266 MT/s ] [ 333 MT/s ] [ 400 MT/s ]

Short channel or wide spa[@
Short channel and wide spacing or ODT >

Wide spacing and ODT or short channel and ODT >
Santa Clara, CA USA
August 2009 II 24




-

‘*‘f' The Magic of On-Die Termination

» Data eye at 400 MT/s with ODT “magic”
* On-die termination is the key enabler for 400 MT/s operation

Santa Clara, CA USA
August 2009
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= What happens if a high-priority read comes in while doing an erase
on the associated die/plane?

_ Estimated Array Time Ranges
Operation

SLC MLC, 2-bit MLC, 3-bit

Read 20-30ps 40-60us 80-200us

Program 200-300us 0.3-2.5ms 0.3-10ms

Erase 0.5-3ms 2-10ms 2-30ms

Note: Represents a potential range of array times across lithography and
implementation, being used as a guide by the ONFi technical team.

Santa Clara, CA USA
August 2009 II 26
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ADDR ¥~ ADDR ¥ ADDR

pulse boundary _ L
= Advantage: Always makes DQ[7:0] — s H R H Rz H R

forward progress on the erase

) tESPD
= Implemented in NOR SR[6] | j[

= Reset LUN

= Resets only a particular LUN
(die), so that another operation

can quickly be issued e agpe —smmand asares ) s X Acares

*No forwar% progress is
SUEIETIUEE "~ FAh 1 Ro{ R )

» Advantage: Can be used to stop ol = A A A ._: s
an erase or a program, no state
to maintain to continue the erase ROY ; }

ONFi 2.2 is standardizing a method to ensure great

Santa Clara, CA USA [ quality of service for high-priority reads. J
August 2009 Il -
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* ONFi 2.2 will include a mechanism to stop a long array operation in order to satisfy
a high-priority demand read quickly

* ONFi 3.0 will enable speeds of up to 400 MB/s (another doubling)

Get involved with ONFi. Visit onfi.org!

Santa Clara, CA USA
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