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QLC 3D NAND flash has found many applications due to its higher density and
lower price than TLC NAND. However, a serious limitation is that QLC has
relatively low performance, especially write speed. NEO Semiconductor has
developed a new architecture called X-NAND, which can increase QLC NAND's
random read/write speed by 3X and sequential read/write speed by 15-30X. That
results in QLC density with read/write performance comparable to SLC. X-NAND
architecture can produce the high-speed, low-cost solution required by such
emerging applications as Al/ML, 5G, real-time analysis, VR/AR, and cybersecurity.
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X-NAND™ is the property of NEO Semiconductor, Inc.
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QLC NAND Flash is Too Slow

NAND flash memory is migrating from TLC toward QLC, which reduces
the die cost and increases the density by 33%. However, from SLC to PLC,
the read and write performance for each generation becomes worse.
This prevents QLC from many applications that require high-speed
performance such as Al and 5G, etc.
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SLC MLC TLC QLcC PLC

Page Buffer Penalty for Increasing Planes

Increasing the number of planes can increase the read/write bandwidth
to increase the performance. However, because the bit lines of each
plane need to be connected to page buffers, it will increase the number
of page buffers that drastically increases the die size. As a result, the
solution is not feasible using the current page buffer architecture.

270%

A

136%

100%

10%

1 plane 4 plane 16 plane




$ NEO SEMICONDUCTOR

Page Buffer Architecture

Conventional NAND requires 16KB page buffer to connected to the 16KB bit lines
of each plane to perform read/write operations. Therefore, the read/write size is
limited by the number of the page buffers. X-NAND architecture uses one page
buffer to read/write 16 or more bit lines in parallel. This reduces the number of
page buffers of each plane from 16KB to 1KB.

Conventional X-NAND
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By using X-NAND page buffer architecture, the number of the planes can be increased
to 16X to achieve 16X read/write bandwidth without increasing the die size. It also
reduces the bit line length to 1/16, that reduces the BL capacitance as well as the RC
delay. This significantly increases the read and program-verification speeds.

Conventional X-NAND
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1 plane 16 planes
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X-NAND Performance Estimation

X-NAND architecture reduces the bit line capacitance to 1/16 which reduces the bit
line RC delay. Therefore, compared with the conventional QLC NAND, the read
speed can be increased by 3 times. Because the program-verification time occupies
90% of the program time, this also increases the program speed about 3 times.

Increasing the plane number to 16 also increases the read and write bandwidth. By
using Single-Latch QLC Read and Multiple-Plane QLC Program, the sequential read
speed is increased by 27 times, and the sequential write speed is increased by 14
times, respectively.

X-NAND vs. QLC
3X 3X 27X 14X
X-NAND QLC
NAND QLC I I
Random Random Sequential Sequential
Read Speed Write Speed Read Speed Write Speed

Compared to SLC, X-NAND architecture’s random read and write speeds are 80%
and 40% of SLC, respectively. The sequential read and write speeds are 7 times and
2 times of SLC, respectively. However, due to X-NAND is QLC, its die cost is only 25%

of SLC NAND's.
X-NAND vs. SLC
0.8X 0.4X 7X 2X
X-NAND QLC
NAND SLC
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Zero Process Change

X-NAND architecture is a pure design solution. It can be implemented
by every NAND manufacturers in their next NAND products by using
current NAND process. This results in low risk and low developing cost.
It also shortens the time to market.

No cell / array structure change
No process / technology change
No manufacturing cost added

No long-time process development

A N

Samples can be quickly built by every NAND manufacturer

6 Design Solutions

Six design solutions (patent pending) are developed to operate the

multiple bit lines read and write operations for X-NAND architecture.

Patent Pending
Multiple BL Write

Multiple Plane QLC Program
Program Suspend Read
Multiple BL Read

Single Latch QLC Read

A L A

SLC/QLC Parallel Program
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1. Multiple BL Write

Patent Pending

The program data is sequentially loaded to 16 bit lines by one page buffer, and held
in the bit line capacitance to program 16 cells together. This significantly increases
the write bandwidth of the page buffers. Because each program pulse is only 10us,
the data can be safely stored in the bit line capacitance without refresh operations.
BL shielding can be applied to effectively eliminate BL capacitance coupling.
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2. Multiple Plane QLC Program Patent Pending

X-NAND provides two QLC program methods. In the first method, the input data DO-
D3 is stored in Planel1-4 and then programmed to Plane5. During program-
verification, the cell data read from Plane5 is compared with the input data stored in
Planel-4. This approach increases the program throughput by 3X.
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In the second method, the input data DO-3 is sequentially input and programmed
one by one. The input data is stored in Planel, and then programmed to Plane3.
During program-verification, the cell data read from Plane3 is stored in Plane2, and
then compared with the input data stored in Planel. This approach increases the
program throughput by 5X.
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Patent Pending

3. Program-Suspend Read

During program operation, the programming can be suspend and allow
data to be read from the programmed planes. If the data is read from
Plane3 that stores the input data. The data can be transferred to Plane2,
then the data can be read from Plane3. The data transfer only takes 1us
using inter-page buffer data lines or 16us using the I/0 bus.

16 BL

[ T T T T B /Plane1=DO,D1,D2,D3
Groupl(:::::::: :::::::D“Plane2=ReadData

[ T T T .......D\Plane3=Program
rovp2 (g
Groups (‘oo )
Groups. (oo
croups ( EECEEL R

Page buffer

After the data is read from Plane3, the input data can be transferred from
Plane2 back to Plane3, and then the program operation is resumed.
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For current-sensing, all the even (or odd) bit lines are applied with a loading
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4. Multiple BL Read

Patent Pending

current. The odd (or even) bit lines are applied a shielding voltage to eliminate
the bit line capacitance coupling. The bit line select gates are sequentially turned
on to connect the page buffer to each even bit line to sense the bit line current.
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5. Single Latch Read Patent Pending

For the conventional QLC read, the cells are sequentially read by 4 word line
voltage levels to obtain 4 data. The 4 data is stored in 4 data latches and then
converted into 1-bit data by control logic. Unlike the conventional, X-NAND
stores the read data in one data latch or one data bit line and keeps on flipping
the data to obtain the final data.

X-NAND QLC read D1 bit

ANAAANNAANAAAAND

VRO 110 0000000 O0OO0OOOO Of1— offcellsetto0

VR1 10000O0O0Of27 1111111 17—

off-cell set to 1

VR2 1 00000011 1j0 00 0 0 07—

off-cell set to O

VR3 1000000111001 11 1
\ off-cell set to 1

On-cells remain unchanged

The 16 planes are divided into 8 groups. Each group contain two planes. Planel
contains the read cells. Plane2 stores the read data. The cells are read by 4
word line voltages to flip the data stored in Plane2 to obtain the final data. In
this way, the QLC read throughput can be increased by 8X.
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6. SLC/QLC Parallel Programming

Patent Pending

X-NAND’s unique 3-bank program operation allows the entire array to be
continuously written data in SLC speed for entire array. When Bank 1 performs
SLC programming for input data, Bank 2 performs QLC programming to move
data from SLC pages to QLC pages, and Bank 3 may perform erase option to
erase the old data in SLC pages. Therefore, the data can be programmed to QLC
pages in SLC speed, and SLC pages never become full.

Bank 1

Bank 2

Bank 3

8 planes

8 planes

8 planes

)
)
)

Bank 1

Bank 2

Bank 3

In Bank 1, 32 pages of input data are programmed to 4 SLC pages in 8 planes in
serial. Total program time = 200 us X 32 pages = 6400 us. In Bank 2, 32 pages of
data are read from 4 SLC WL in 8 planes and re-programmed to QLC pages in
parallel. Since QLC program time is 6400 us, Bank 1 and 2’s program throughputs
are about the same. By using this way, the input data can be continuously
programmed to SLC pages and then moved to QLC pages in SLC speed.
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Bank 2

1 32 pages are
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D to SLC pages
P . .
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Eliminating SCL Cache Full problem

Conventional SLC cache writes data to SLC cache and, during idle time, moves the
data to QLC WL. For continuous heavy-write workload like Cloud or NAS, there may
not have enough idle time. When SLC cache is full, the write throughput drops to
QLC speed. X-NAND’s SLC/QLC Parallel Program solves the SLC cache full problem.
The entire array’s data can be written in SLC speed.
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Reducing Power Consumption

X-NAND’s bit line capacitance is 1/16 of the conventional NAND’s. Therefore, the bit
line’s power consumption for read and write operations can be reduced to only 1/16.
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Higher Parallelism per Chip

X-NAND’s 16-plane architecture provides high parallelism in chip level.
Compared with the conventional NAND using 2-4 planes, one X-NAND chip
can provide the same parallelism of 4-8 NAND chips.

X-NAND NAND

16 planes 4 planes 4 planes 4 planes 4 planes

This significantly improves the performance of compact systems. It allows
small form-factors such as M.2 SSD and eMMC to have the similar
performance as large systems with much smaller footprint.
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Performance vs. Die Cost

X-NAND architecture offers advantages of both performance and cost. By reducing
the page buffer number per plane, not only the plane number can be increased to
enhance the performance, the die size can be reduced when using less planes. The
table below shows the Performance vs. Die Size for 2/4/8/16 planes. The die size
can be reduced by 33/30/25/0 %, respectively. Therefore, the products can be
tailored according to the customers’ need.

Die Cost Performance
R/W
bandwidth 2X 4X 8X 16X
DieSize  .33%  -30% = -25% -0%
Low-Latency NAND X-NAND
16 planes 8 planes (SLC) (SLC)
-25% Die Size -30% Die Size
160KB PB
10Kb PB
JOKDE PP
J0KDB PB
Random Read 3X 3X
Random Write 3X 2X When implementing Low-Latency
Sequential Read 30X 24X SLC NAND, X-NAND can reduce
L 0
Sequential Write 15X 5X the die size by 30%.
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Performance Estimation for SLC - PLC

(IOPS) 3.5X X-NAND
150K | NAND
3.5X
) 3.5X 3oy .
50K 3X Random Read Speed
—
SLC MLC TLC QLc PLC
(loPSs)
- 1.5X
8K 2X
— 3X
o 3X
4K 3X Random Write Speed
SLC MLC TLC QLc PLC
(GB/s) 54X
80 |
27X
40 27X 27X 7% Sequential Read Speed
20 = | 27X
SLC MLC TLC QLc PLC
(GB/S) 12X
2.0 15X 1 5 X
1.0 | : :
15X Sequential Write Speed
0.5 15X

SLC MLC TLC QLc PLC
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About NEO SEMICONDUCTOR

NEO Semiconductor is a startup company focused on 3D NAND and 3D emerging
memory. The company was founded in 2012 by Andy Hsu and a team in San
Jose, California. The company currently owns 20 U.S. patents in memory design
architectures and cell structures. In 2018, the company made a breakthrough in
the 3D NAND architecture named X-NAND. X-NAND can achieve SLC’s speed
with QLC density. This provides a high-speed, low-cost solution for 5G, Al, and
many applications.

For more information about X-NAND, please visit neosemic.com.

1871 The Alameda, Suite 250
San Jose, CA 95126

Website: www.neosemic.com

Contact: contactus@neosemic.com

Copyright © 2020 NEO Semiconductor, Inc. All rights reserved. Information,
products, and specifications are subject to change without notice. All information
is provided on an “as is” basis without warranties of any kind. The company logo
and trademark X-NAND™ are the property of NEO Semiconductor, Inc.
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