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Using 3D NAND Flash Memory in SSDs to

Improve Storage and Performance

Introduction

In the rapid development process of data storage, 3D NAND is the next generation of this technology in
which the semiconductor flash cells of the solid-state drive (SSD) are stacked vertically to increase
storage density and read / write efficiency. Originally announced by Toshiba in 2007, but with Samsung
creating the first commercially available 3D NAND SSD in 2013, the technology is still extremely new to
the market. Despite this, it has already proven to be far more effective and reliable than its 2D NAND
counterpart. However, the question remains is it worth the upgrade.
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Figure 1. SSD Logic Components

Architecture

2D NAND flash memory chips consist of thousands of flash blocks that can be further divided into two -
dimensional arrays of flash cells. These cells each consist of a transistor that stores a charge that
comprises the bit of data in the cell. The flash blocks can then be organized into rows called wordlines.
In figure 1. above, we can observe the basic layout of a 2D NAND SSD, and to the right of the SSD



controller the wordlines are shown. This layout is similar in 3D NAND flash memory chips, however
there are a few key differences.

The first change, and the most notable, is the organization of the flash cells. By changing the layout of
the flash cell’s transistors, the flash blocks are able to stand vertically, forming columns called bitlines
(BL) that stand upright out of the wordline. As seen in figure 2, the wordlines still connect the bitlines
together to ensure the same efficiency of the read / write speed. In the process of transitioning to multi-
level cell (MLC) flash memory, each flash cell is now able to store two bits of data each. By adding a new
dimension to the flash blocks and cells, 3D NAND has exponentially increased the storage capabilities of
SSDs.

The second difference is the design of the flash cells. Most 2D NAND SSDs feature a floating — gate
transistor, which consists of a gate floating in the middle of the transistor, hence the name. This control
gate allows voltage into the transistor which can program, read, or write the flash cell. The transistor is
then surrounded by an oxide layer to minimize the amount of charge lost. Most 3D NAND designs use
charge trap transistors in each flash cell, as opposed to the floating - gate transistors. As shown in figure
2 below, the trap layer wraps around the substrate that makes up the bitline. This allows the layer to
maintain the capabilities of the floating — gate transistor, while also acting an insulator for the bitline’s
substrate. The charge trap layer has caused the control gate to be repositioned, as it now sticks
horizontally out of the bitline and merges with the wordline. This rearrangement has ultimately
decreased the space used by each flash cell, but at the same time allowing for MLC integration.
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Figure 2. Layout of 3D NAND Flash cells



Errors and Solutions

Flash memory errors occur when the cell voltage is incorrectly changed or read. The chances of these
errors occurring exponentially increases in 3D NAND flash memory as the flash cells are manufactured to
be closer together. This decreases the reliability of SSDs using this technology, however there are
solutions to a large variety of these issues. To decrease the number of errors, SSDs use error-correcting
codes (ECC) to find and correct these errors. However, ECC has a limited number of errors it can correct
before the data can no longer be fixed, resulting in the end of the SSD’s lifetime. ECCs are usable by both
2D NAND as well as 3D NAND SSDs, and usually allow for 10,000+ read / write cycles, which will allow
the SSD to last for many years of use.

Conclusion

From high-power, industrial computers to standard household office computers, 3D NAND solid state
drives will soon be the new standard in non-volatile memory storage. 3D NAND flash memory
technology has proven to be cheaper than 2D NAND per gigabyte, faster by 19%, and reduces power
consumption with a negligible decrease in reliability. For these reasons, it is most certainly worth the
upgrade for the discerning buyer
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