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Executive Summary

The following is a summary of the key takeaways of this report.

e To improve reliability and performance, SanDisk/Toshiba have implemented the
XXXXXXXXXX for the NAND flash devices. Hynix and Samsung continue to employ the
XXXXXXXXXXXXXXX.

o The XXXXXXXXXXX may face scaling challenges for future generations of NAND flash
memories.

e Three-bit per cell endurance and retention are much lower than comparable MLC devices
with retention XXXXXXXXX being the norm.

e Programming speed for 3-bit per cell devices is slower than MLC devices due to the
increasing of the number of verify levels and the ISSPP reduction. Various algorithms have
been implemented to meliorate the performance degradation.

e The cell efficiency of the SanDisk/Toshiba and Hynix devices are XXXXXXXXXXXXXX whereas
Samsung’s first generation product is relatively XXXXXXXXXXXXXX.

e The Samsung 3-bit per cell device’s specified endurance is surprisingly XXXXXXXXXXX
compared to SanDisk/Toshiba or Hynix’s.

© Forward Insights August 2009 7
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Summary

Table 6 provides a comparison of the SanDisk/Toshiba, Hynix and Samsung 3-bit per cell NAND flash
memory products. A variety of algorithms were implemented to improve the programming

throughput.

From a design layout point of view,
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Both endurance and retention are
) 9.9.9.9.0.99.9.90.9.9.9.09.9.9.9999.9.990.99.9999.99.9999.9099.9999.9.9099.99099.9999.9.9099.9.909.99999.9.9990.9.¢ 04
)9.9.:9.9.9.9.0.909.9.9.099.9.99099.9.099.9.9.999.9.09099.9999.9.90090009.99099.9.9099.9.0099900000009.0000.00000.8

Hynix has chosen to improve the endurance of its devices with
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Table 6 Key Parameters Comparison

Features

SanDisk/ Toshiba
16Gb

Hynix 32Gb

SanDisk/ Toshiba
32Gb

Samsung 16Gb

Volume production

Technology

Size

Unit cell size (um2/bit)

Cell efficiency

Gb/mm?2

Page/plane

Planes

Blocks/plane

Block size

String

Pages/block

Architecture

Number of Page
Buffers

Page Buffer
Organization

Die Size

XY device size
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Features SanDisk/ Toshiba Hynix 32Gb SanDisk/ Toshiba Samsung 16Gb
16Gb 32Gb

XY plane size

Pgm Speed

Pgm Speed Features

No. of latches/ Page
Buffer

Row Decoder

I/0 mode

tre (Min.) / twe (Min.)

tr (Max.)

torog (typ.)

ters (typ.)

ECC

Endurance

Retention

*Forward Insights estimates

Tables 6-10 provides an overview of some of the key technical features of the 3-bit per cell NAND
flash memory devices from SanDisk/Toshiba, Hynix and Samsung as well as the advantages and
disadvantages of each implementation.
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Table 7 Key Features and Advantages & Disadvantages of SanDisk/Toshiba 56nm 16Gb 3-bit/cell NAND Flash Memory

SanDisk/Toshiba 56nm 16Gb 3-bit/cell NAND Flash Memory

Key Features Main Pros/Cons

AN

Table 8 Key Features and Advantages & Disadvantages of Hynix 48nm 32Gb 3-bit/cell NAND Flash Memory

Hynix 48nm 32Gb 3-bit/cell NAND Flash Memory
Key Features Main Pros/Cons

x
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Table 9 Key Features and Advantages & Disadvantages of SanDisk/Toshiba 32nm 32Gb 3-bit/cell NAND Flash Memory

SanDisk/Toshiba 32nm 32Gb 3-bit/cell NAND Flash Memory
Key Features Main Pros/Cons

x

Table 10 Key Features and Advantages & Disadvantages of Samsung 51nm 16Gb 3-bit/cell NAND Flash Memory

Samsung 51nm 16Gb 3-bit/cell NAND Flash Memory

Key Features Main Pros/Cons
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