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= Solutions for Emerging Applications

= Summary

Santa Clara, CA USA
August 2009 2



1984 1987 1992

Confirmed Key Circuit Techniques MCL (2bits/cell) for 3bits/cell & 4bits/cell
NAND Technology (Self-boosting, ISSP) Mainstream (32Gb MLC in 34nm)
& Manufacturability Reported (4Gb SLC & 8Gb MLC

(32Mb NAND Developed) in 65nm)



i YICE

AN

4Gb MLC

T

120nm 90nm 73nm 65nm 51nm 34nm
Santa Clara, CA USA

August 2009 Process Technology 4



B: # of Bitline/Page Buffer

Block Size=(A*B*C)*D

Erase Program Mismatch (EPM) = A*B*C
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Erase Program Mismatch (EPM) is a key parameter to
degrading write efficiency (i.e. increase write amplification

factor)

EPM =64 (SLC) &
128{MLC)
xekBl— 0 |\ N\ e
2Gb/4Gb/8Gb
MLC
128KB [ EPM =32 :
EPM = 16
A
16KB |—
8KB |—
I 8Mb/16Mb
90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10
» 32 cellsINAND < 32 cellsINAND

» 16 cells/NAND
« 2KB Page Buf. < 4KB Page Buf.

» 8 cellsINAND * 16 cells/INAND
* 2BLs/PB
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« 512B Page Buf. « 512B Page Buf. ¢ 512B Page Buf.
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Cell Endurance: # of Reprogram Cycles Data Retention: Ability to Retain Charge

10K [— Syears|— [~ —
SKfl—m 1 T, 2.5years|—
sk = T,
1K T lyears

Tech. Tech.

Reliability degradation combined with the current NAND architecture
trend introduces a negative impact on computing applications
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l Write Efficiency = Total Data Written by Host
Total Data Written to NAND 1

111 ] Total Host Writes = NAND Endurance Cycle |
* System Capacity 1
* Write Efficiency |
* Wear Leveling Efficiency |
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Current NAND Flash Architecture

Unit Block
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A: # of Bit/Cell

|
“Shared
Page Buffer

D: Page (buffer) Size

B: # of Bitline/Page Buffer
C: # of Cell/NAND String

SiEEneE Block Size = (A*B *C) *D :
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FlexPlane with 2-tier Row Decoder Scheme

FlexPlane
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FlexPlane Operations

August 2009




2-Dimensional Page Buffer Scheme

2-Dimensional Page Buffer
(Shared Page Buffer)

0.5x Bitline Length
compared to conventional
NAND architecture

Micron 32Gb NAND Flash in 34nm, 2009 ISSCC
August 2009 11
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Block Erase Partial Block Erase Page-pair Erase
-
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Santa Clara, CA USA

* Jin-Ki Kim, “Low Stress Program and Single Wordline Erase Schemes for NAND Flash Memory”,
August 2009 IEEE NVSMW Aug. 2007. 12



0 Lower Operating Voltage

H.V. Gen H.V. Gen H.V. Gen
1.8V
o}
Core and Peri. Core and Peri. Core and Peri.
1.8V
o)
/O /O /O

* MOSAID’s Low Stress
Program Scheme*

* Jin-Ki Kim, “Low Stress Program and Single Wordline Erase Schemes for NAND Flash Memory”,
IEEE NVSMW Aug. 2007.
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* Device interface
independent of memory
technology and density

* Packet protocol with low pin
count

» Configurable data width link
architecture

 Flexible modular command
structure

» Simultaneous Read and
Write

* EDC for command and
ECC for registers

* Daisy-chain cascade with
point-to-point connection of
up to virtually Unlimited
number of devices

New
Device
Architecture

* Fully independent bank operations

» Multiple, simultaneous data
transactions

 Data throughput independent of

-« core operations

* Device architecture for performance
and longevity

= FlexPlane Architecture
= Two-dimensional Page Buffer
= Two-tier Row Decoder

* NAND flash cell technology

» Page/multipage erase function
* Partial block erase function

* Low stress program scheme

» Random page program in SLC
» Low Vcc operations

MCP HLNAND

Santa Clara, CA USA

August 2009
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* Dynamically configurable bus width from 1-8 bits
e HL1 parallel clock distribution to 266MB/s

e HL2 source synchronous clocking to 800MB/s, backward
compatible to HL1

=) HLNAND ®) HLNAND

e, h Controller

Interface
{(®m HLNAND ¢m HLNAND

Santa Clara, CA USA
August 2009 15
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HyperLink HLNAND HyperLink
in Bridge Chip out

x8b x8b
16Gb MLC NAND 16Gb MLC NAND
LJ u 12 x 18 100-Ball BGA
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each side)
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To Controller
A
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CH1
out

CH2
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CH3
out

Pin 199

HLDIMM

Pin 200

CH1
in

CHZ
out

CH3
in

&

Next HLDIMM
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Vref and Reset pins shared by all channels
= 5 pin SPD interface

= Forward compatible to HL2 800MB/s source
synchronous clocking
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- channel input/output pin assignment
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controller

A HL1 A HL1 A HL1 .\ HL1

CH1in - MCPs— Mcps_ MCPs— MCPs

HL1 HL1 HL1 HL1
CH1 out 4El . (NN . (NN co. (U .

HLDIMM HLDIMM HLDIMM HLDIMM

Interleave - 2133MB/s Aggregate Throughput

CHOIN WD yices Jéésﬂ
) HL1 HL1
CH2in ) c-. I  cr:
CHO out 4 yice: (I c:: d
HL1 HL1
CH2 out (N - (I s
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HLDIMM HLDIMM
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ZMhS Capacity, Bandwidth and Random I0PS

Capacity & Bandwidth vs. # of Modules Random IOPS vs. # of Modules
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motherboard area.

Controller
E
Santa Clara, CA USA 9mm —bl
August 2009
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architectures and applications

= Using HLNAND Flash, Storage Class Memory

IS viable today using proven NAND flash
technology

Santa Clara, CA USA
August 2009
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www.HLNAND.com

/= HLNand.com | Home - Microsoft Internet Explorer provided by MOSAID Technajpgies Inc.

Architectural Specification
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Jul /09 [A0SAID Now Sampling HLHAND
Flash Memory Semiconductor MOSAID launches
Chip and Module
HLNAND silicon:
. a as ee S Jun /09 MOSAID to exhibit at Flash
Memory Summit in Aug. 2009 64Gb MCP & 64GB
Aug /08 MMOSAID Partner Indilinx memory module
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