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« Configuration of NAND within a system
— Single-channel vs. multi-channel

» Performance requirements (system-level PROGRAM/READ)
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B Gaming
BTV

O Portable Media Players

O Camcorder/Digital Camera
B Other Wireless Devices

B Cell Phones

O Solid-State Drives

B Disk Drives

O Smart Cards

B USB Flash Drives

O Flash Cards

O Printers

B Personal Computers

O Handheld Computers

Micron defines AIMM as Automotive, Industrial, Medical, Military
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To proactively improve overall NAND throughput, the focus needs to be on
specific characteristics of the NAND device and a system-level configuration
of the NAND device that systems/applications can take advantage of

Santa Clara, CA USA
August 2008 4



— Read and program cache operations support data pipelining by reading or writing data while NAND array access

operations occur in the background

* Multi-Plane Commands
— Available on NAND devices with multi-plane architecture
— Support operations (PROGRAM/READ/ERASE) to each plane simultaneously, increasing data throughput

* Interleave Operations

— Available on NAND devices with more than one NAND die and/or more than one CE#
— Support ongoing, simultaneous operations on more than one NAND die

e Multi-Channel Operations

— Available when using multiple independent command and/or 1/0O channels to communicate with more than one
NAND device in parallel operations

— Available with some configurations of packaged NAND devices (BGA/LGA)
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|t can have a significant impact on total time to perform
NAND array (PROGRAM/READ) operations

— This becomes more important as the size of the
NAND page increases (2KB/4KB/8KB, etc.)

— This is important for READ operations because time
for data output from the NAND is greater than 'R

— This issue is addressed by the ONFI 2.0 synchronous
interface; attend Session T2A on Weds at 2:40 p.m.,
presented by Michael Abraham, for more information
on faster 1/O performance with ONFI 2.0

|t sets the stage for optimal use of interleaved operations
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Time % increase Time to input | Controllers
for page program || twcC 4KB NAND | analyzed that
SLC MLC page data used timing
35% 10% 45ns ~185us 1
14% 4% 30ns ~123us 3
7% 2% 25ns ~103ps 1




1. System limitations dealing with the amount of buffer space available to
communicate with the NAND cache register

2. System-level multi-tasking operations that limit the amount of time dedicated
to communicating with the NAND device at a given time

3. Higher-level system interactions (OS level) with the NAND controller that do
not communicate in the most efficient way
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Example of two-plane page program operation issued to a NAND Flash device in
customer application
. Total extra time added for inputting of data due to “idle” times shown above is ~166us
. This equates to a 95% time increase compared to the time required for a optimized
two-plane page program operation data input sequence
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PROGRAM/READ operations

* Multi-plane operations

— Require different NAND command codes than normal
PROGRAM/READ/ERASE operations

— Have address restrictions that must be followed

— A host buffer (used to communicate with the NAND device) is
recommended, but not required, to be at least 2X the size of the
NAND page
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Data Output Data Output
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» Interleaved operations have the benefit of requiring:
— Little extra support from the host system
— No address restrictions within the additional NAND Flash die being used

Specifically, there are two types of interleaved operations
* Interleaved operations between multiple NAND die on the same CE#

» Interleaved operations between multiple NAND die on different CE#s
within the same packaged device or multiple packaged devices
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Require increased number of
signals from the host system
to support this configuration
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NAND O[7:0] |+
NAND CE#

MAND CLE
MAND RE#
MAND WP
MNAND R'B#
MAND WE#
MNAND ALE

MAMND CE2#

NAND HO[15:8] |+

N |/0[7:0]
N cE#

o CE#
N 1/0[7:0]
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command signals

« CLE1, ALE1, WE1#,
RE1#, WP1#, CE1#

« CLE2, ALE2, WE2#,
RE2#, WP2#, CE2#

= Two separate sets of 1/0
signals
* 1/O[7:0]-1
« 1/O[7:0]-2
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* Multi-channel configuration with multi-plane operations
» Multi-channel configuration with interleaved operations
» Multi-plane operations with interleaved operations

« Multi-plane operations with optimized NAND AC timings
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READ CACHE MODE Command

e TN-29-14: NAND Flash Performance Increase with PROGRAM PAGE
CACHE MODE Command

o TN-29-25: Improving NAND Flash Performance Using Two-Plane
Command Enabled Micron Device

« TN-29-28: Memory Management in NAND Flash Arrays

— Recommended for anyone considering using multi-plane/interleaved/multi-channel
configurations
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Wireless Baseband Processors

» Micron Technology (Boise, ID): Sr. Applications
Engineer for NAND Flash memory
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