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Al Applications and Reguirements M

Flash Memory Summit

Cloud

Server

Edge Devices

Chips & Sensors

&/ Real Time Data Processing & Low Power Consumption
' High Bandwidth Needed « Low System Cost
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Flash Memories Enable Memory-Centric Computing M
to Complement Process-Centric Computing Flash Memory Summit

In tradition:
Flash serves as a
storage device

Flash Memory will feature computing
in addition to storage!

New
ﬂ»m

{ Less Data Movements ‘
| Low Power
Low Total Cost
. High Bandwidth
. Higher Performance )

To load data to DRAM ‘
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Heavy data I/O
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Memory Trends on Al Applications M

Flash Memory Summit

Macronix
FortiX™
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Traditional HBM CNM IMS/CIM

Standard Flash High Bandwidth Memory Computing Near Memory °|n Memory Sea rching

* Computing In Memory
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3D IMS/CIM Flash Memory

M

Flash Memory Summit

15t Gen FortiX 3D NAND

WLO
: WL
ssL2 ; WL30
WLO WL31
WLA
WL30 Source
WL31

Source

96 3DNAND

- In Development

-> 64Gb

Layers
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15t Gen FortiX 3D NOR

Layers
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-4Gb - 1Gb

Metal BL/SL
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32 3DNOR

- Concepts & Device Operations ready

- Lower Latency (~100ns)
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Memory vs. FortiX™ IMS Flash Memory k|

Flash Memory Summit

Standard Memory

Standard

Memory

Input Address
to read Data
VRV

R IR RRY

Output Corresponding Data

® High-bandwidth 1/O Needed
- Busy I/O
- Heavy data movement
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FortiX IMS Flash or TCAM

FortiX IMS m

* nvTCAM exactly search
* Proximity search

IR RN

Output Matched Address/Data

Input
Search Data
VLV

® High-bandwidth Internal Search
- No busy I/O
- Reduced data movement
- Lower power consumption
- Higher System efficiency

® Accelerator Ultra high search bandwith
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FortiX™ IMS 3D NAND Accelerator Operation

M

Flash Memory Summit

16KB PB sensing in
NAND

128 Inputs (search) in X-DEC |
(combined WL+SSL {
operations)

SSL1

Vpass WLo
Sel WL (Vread) wL1

Vpass WL30
Vpass WL31
Vpass GSL

CSL
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& High-bandwidth Internal Search
- Max. ~300Gb/s

& nvTCAM (Exactly Search)
- Key words search

(& Hamming Distance (Proximity Search)
- In the analog sensing current
- Tunable Iref for Hamming Distance Sorter

(& Compute 8 Pictures at the Same Time
- Less overlapping btw matched/mis-matched
- Effective “Voting” by hardware method

(& More Search Bits (128b * N)
- By accumulation; 2-bit output score of similarity

& Fast “Blind” Similarity Search
- Within big unstructured data
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Advantages of FortiX™ IMS 3D NAND Accelerator

M

Flash Memory Summit

FortiX

>10X
boost

Data Capacity (GB)

Query per Second (QPS)

4

>10X boost for query per second
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IMS 3D NAND DRAM
Basneda\::cigth ~300Gb/s 3.2GB/s
Active Power ~300mW ~1\W
I\S::;?tryy >64Gb per chip 8-16Gb per chip
IMS 3D NAND

* High Bandwidth ~300Gb/s < High Density, >64Gb
* Low Power~300mW * Non-volatile Memory
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M=]

INTERNATIONAL Co., LTD.

YEARS OF
VATION



IMS 3D NAND Accelerator for Similarity ComputinFQh Eﬂ

Memory Summit

Feature Vector FortiX IMS User’s Original Algorithms
Extraction 3D NAND (In GPU+DRAM)

FortiX IMS NAND Output

* nvTCAM exactly M
search matChEd

* Proximity search address

Quantized
(Simplified)

Feature Vector l

Not changing Training @ For Labels or key words
Model & Database . ..
@ Hamming Distance Sorter @ Not changing original software
algorithm for similarity search

@ Less Data Movements (100% -> 5%)
Lower Power Consumption

Computing Resources in
GPU+DRAM System Saved
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FortiX™ IMS/CIM Flash Applications M

Flash Memory Summit

Automotive Fingerprint / DNA \ / Ai \
MemorMiﬁb ~ — Recognition Matching Classifier
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/ Ai \ SSD Data

Accelerator Mgmt.
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/ Pattern \ Voice
Recognition Recognition
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Flash Memory Summit
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Copyright© Macronix International Co., Ltd. 2022. All rights reserved,
including the trademarks and tradename thereof, such as Macronix, MXIC,

MXIC Logo, MX Logo, Integrated Solutions Provider, Nbit, Macronix NBit,
HybridNVM, HybridFlash, HybridXFlash, XtraROM, KH Logo, BE-SONOS, KSMC,
Kingtech, MXSMIO, RichBook, OctaBus, ArmorFlash, LybraFlash.

The names and brands of third party referred thereto (if any) are for identification purposes only.

11 | ©2022 Flash Memory Summit. All Rights Reserved.

n n-—:l MACRONIX “o
a— A
L=< INTERNATIONAL CoO., LTD. YEARS OF

INNOVATION



