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EX A ”"4 BGA SSD

BGA SSD

Specifications
Capacity Endurance?
e 128GB e 0.6 DWPD @3 Years
e 256CGB (Sequential workload: 2 DWPD @3 Years)
e 512GB e TBW:
e 1TB o 128GB: 75TB
Components o 256GB:150TB

e  Controller: Maxio MAP1602

e Flash: 3D TLC o 512GB:300TB

Compliance o 1TB:600TB

e PCle Gendx4 Data retention
Performance (up to)* e JESD218A-compliant

e Sequentialread: 5,000 MB/s Compatibility

e  Sequential write: 1,700 MB/s e  Windows 11/10

e Random 4K read: 400,000 IOPS e Windows Server 2016/2012 R2/2012

¢ Random 4K write: 160,000 IOPS e CentOS, Fedora, FreeBSD, openSUSE, Red Hat,
Power management Ubuntu, VMware ESXi, Citrix, KVM

e Autoidle Mechanical form factor

e PCle link power management e 16 mm x 20 mm x 1.65(MAX) mm

e  Temperature monitoring and throttling Power consumption (TYP)

Security e  Active: <3W
e NVM Format e Idle: <1W
e TCG Opal 2.0 (Optional) Environment

Reliability e  Operating temperature:
e Advanced LDPC error correction o Standard : -40 -85 °C
e  Global static and dynamic wear leveling e  Storage temperature: - 50 — 95 °C
e UBER: <1 sector per 107 bits read
e MTBF: 2.0 million hours

Specification notes:

1. Performance claims

a.  Actual performance may vary based on the hardware, software, and overall system configuration.

b. Sequential performance is measured with 128 KB transfer size, QD 32 and 4 KB alignment with lometer.

c. Random performance is sustained performance measured with 4K/8K transfer size, QD 32 and 4 KB alignment with lometer.

d. Performance test platform: CPU: Intel Core i7 4770K; motherboard: ASUS Z87-DELUXE; chipset: Intel Z87 Express; OS: Windows 8.1 Pro x64.
2. Endurance claims

a. DWPD stands for Drive Writes Per Day. TBW = DWPD * capacity * warranty * 365 / 1000.

b.  Access patterns used for random workload during endurance testing is compliant with the JESD219 standard.
3. Limited warranty details: please refer to limited warranty policy and warranty terms.
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Product datasheet

1. Order information

The following table lists the standard part numbers for Exascend BGA SSD. For customization and design service inquiries,
including — but not limited to — custom operating temperature, capacity, over-provisioning, endurance, performance, and power,
please contact your Exascend account manager or send us an email at sales@exascend.com.

Table 1: BGA SSD product list

PART NUMBER CAPACITY* FLASH TYPE Operating Temperature

EXP4L30128GZ8BGIOOH 128 GB 3D TLC -40-85°C
EXP4L30256GZ9BGIOOH 256 GB 3D TLC -40-85°C
EXP4L30512GZABGIOOH 512 GB 3D TLC -40-85°C
EXP4L30001TZBBGIOOH 1TB 3D TLC -40-85°C

2. Part number decoder
EX P4 | L3 0 128G Z8 BG I 0 0 H
. EX:Exascend

. Product type: P4 = PCle 4.0

. Controller Type

. Product sub-type

. Capacity.

. Flash type

. Form Factor: BG= BGA SSD

. Temperature: C=Ctemp(0-707C) - I=ltemp(-40~857C)

© 00 N O o A~ W N P

. UPS: 0= No UPS
10. Customization

11. Extended: H= Heatsink
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EX A ”4 BGA SSD

3. Product overview

3.1 BGA SSD series

Exascend provides customizable hardware and firmware design, manufacturing, and service of cutting-edge SSD products
and advanced storage systems. Our products are designed specifically for high reliability commercial, enterprise data center,
and cloud computing applications. By combining world class design R&D, and superior execution in delivery and support
capabilities, Exascend strives to provide customers with the best in class product and service, enabling enhanced boot times,
faster application load times, reduced power consumption and extended reliability.

BGA SSD product supports BGA 291 balls form factor, integrating high speed PCle Gen 4 x 4 interface with third generation
3D TLC NAND flash memory technology, delivering capacities up to 1TB.

BGA SSD products are offered in two product categories with different over-provisioning.
Key product highlights include:

e High I/O and throughput performance

Next generation LDPC technology secures NAND endurance

Advanced Flash management and global wear leveling algorithm extending drive life
High stability and reliability

Temperature monitoring and intelligent management

Figure 1: SSD functional logic diagram
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3.2 Customization and tuning services

Exascend provides customized hardware and firmware design services, tailoring cutting-edge SSD products for advanced
storage systems. Combining world-class R&D and engineering support capabilities, Exascend provides customers with best-
in-class products and services, enabling enhanced boot times, faster-loading applications, reduced power consumption, and
extended reliability. To learn more about our extended engineering support services, e.g., tailored capacity, over-provisioning,
extended operating temperature range, endurance, performance, power, and longevity, please contact your Exascend account
manager or send us an email at sales@exascend.com.
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4. Detailed specifications

Exascend BGA SSD provides you the ultimate performance and ultra-high reliability over traditional hard disk drive by
achieving up to 5,000MB/s for sequential read, 1,700MB/s for sequential write, 200,000 IOPS for sustained read, 10,000 IOPS
for sustained write.

Exascend BGA SSD consists solely of semiconductor devices, it does not contain any mechanical part such as platter (disk),
motor and suspension as traditional hard disk drive. Thus, it exhibits superior performance, capacity, reliability, ruggedness,

low power, and small form factor profiles that qualified to be the best storage solution for enterprise application with extreme

workloads and increased MTBF requirements.

Exascend BGA SSD uses a single-chip Flash controller to manage multiple NAND Flash memory modules. The controller
works with a host system to allow data to be written to and read from the Flash memory modules through a PCle interface.

4.1 Capacity
Table 2: BGA SSD logical block address configuration

BGA SSD UNFORMATTED CAPACITY
(TOTAL USER ADDRESSABLE SECTORS IN LBA MODE)

128 GB 250,069,680

256 GB 500,118,192

512 GB 1,000,215,216
1TB 2,000,409,264

Notes:

. The LBA count shown represents total user-accessible storage capacity and will remain the same throughout the drive’s lifetime.

. The total usable capacity of the SSD may be less than the total physical capacity because a small portion of the capacity is used for NAND flash
management and maintenance purposes.

4.2 Performance

Table 3: Drive performance — BGA SSD series

Capacity GB 128GB 256GB 512GB 1TB
Sequential read MB/s 800 1,600 3,500 5,000
Sequential write MB/s 200 400 800 1,700

Sustained read (4KB) | I0PS 30K 50K 100K 200K
Sustained write (4KB) IOPS 5K 8K 10K 10K
DWPD (3 years) 0.6 @ JESD218

2 @ Sequential Write
Form factor \ BGA 291 ball

Notes:

Measured with device connected as secondary drive.

Actual performance may vary based on the hardware, software, and overall system configuration.

Sequential performance is measured with 128 KB transfer size, QD 32 and 4 KB alignment with lometer.

Random performance is sustained performance measured with 4K/8K transfer size, QD 32 and 4 KB alignment with lometer.

Performance test platform: CPU: Intel Core i7 4770K; motherboard: ASUS Z87-DELUXE; chipset: Intel Z87 Express; OS: Windows 8.1 Pro x64.
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4.3 Environment specification

Table 4: Environmental specification table

PARAMETER VALUE

Operating temperature -40-85 °C
Storage temperature -50-95 °C
PWR_1: 2.5V
Power supply voltage range PWR_2: 1.2V
PWR_3: 0.8V
Humidity (non-condensing) 5-95% (Operating)

Figure 2: SSD power supply request

PWR_1 2.5V

PWR 3 0.8V

PWR 2 1.2V
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4.5 Power consumption

Table 5: BGA SSD series power consumption table

Active power (average) <3 w
Idle mode power (average) <1 W
4.6 Reliability

Products in the Exascend BGA SSD series meet or exceed SSD endurance and data retention requirements as specified in
the JESD218 standard. Reliability specifications are listed in the following table.

Table 6: Reliability table

PARAMETER VALUE

Mean Time Between Failures (MTBF)
Mean Time Between Failures is a measure of how reliable a hardware product or 2,000,000 hours
a component is. The value describes the expected time between two failures.

Uncorrectable Bit Error Rate (UBER)
A metric for the rate of occurrence of data errors, equal to the number of data <1 sector per 107
errors per bits read.

Endurance Rating (TBW) 2152555-:1755(}?3

TBW stands for total bytes written whose access pattern is compliant with :
512GB : 300TB

JESD218 standard. 1TB - 600TB
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5. Physical dimension diagram

5.1 BGA SSD
Figure 2: BGA SSD physical dimension diagram
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6. Pin Assignment

6.1 BGA SSD Pin Assignment

Table 7: BGA SSD ball assignment

BGA SSD
BGA 291 ball | PCle Gen4 x4 | 3D TLC | -40-85°C

1 2 3 | 5 6 7 8 9 10 11 12 13 14 15 16 17 18
A | DNU | DNO DU DNT DT DN DN DU DNO DU
B | DNU | DNU | Do i) i) DN DNy DHO |
C |GND | GND | GND GND GND DNO HC ne LNU DNOU | GPIOS | DHO RFU RFU | GND |DND DNO i
D REFCLEp | REFCLEn | GND GND DN RFU
E | GND | GND | GHD GND GID GND | GHD i) GND DHT GND| GND |DHND DHO |
F PERpD PEREnO | GHD DNO | GND
G |GND | GND | GND GND GND PWE_3 | PWR_3 GND GND | FWE_3 |PWR_3 GND| GND |DNU DNO DU
H FETpO FETn0 PWE_3 | PWR_3 GND GND |PWR_3 | PWR_3 GHND | PLN#
J | GND | GND | GND GND GND PWR_3 | PWR_3 GND GND |PWE_3 | PWR_3 GND| GND |DND DNO i
K PERp1 PEEn1 GND GND GND GND GND GND RFU| PLA#
L |GND | GHD | GND GND GID RFU RFU RFU RFU RFU RFU GND | GND |DND DHO
.| PETpl PETnl RFU RFU GND GND RFU RFU GPIO31
N |GND | GND | GND GND GND RFU RFU RFU RFU RFU RFU GND| GND |DNU
P FERp2 PERn2 GND GID GND GND GND GND RFU | GFI030
R | GND | GND | GND GND GND GND| GND |DND
T PETp2 PETnZ RFU| EFU
U | GND | GND | GHD GND GID GND| GND |DNU|SME_CLE | SHB_DATA
v PERp3 PERn3 RFU | RFU
W |GND | GND | GND GND GND GND RFU GND| GND |DNU oy SME_&lert#
T FETp3 FETn3 | GHND GND DNU [ DNU
AA | GND | GND | GND GND GND DNU | DHO LNO LNU DHO i) DHT ONT GND| GND |DND DNO i
AB | DNO | DNO DU DNT DT DN DN DU DNO DU
AC | DNO | DU | Do i) i) DN DNy DHO |
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6.2 BGA SSD Pin Define

‘ COMMAND NAME Power Domain Description
PET,0, PET,.0 PCle TX+ Lane O, PCle TX- Lane 0
PER,0, PER,0 PCle RX+ Lane 0, PCle RX- Lane O
PET,1, PETn1 PCle TX+ Lane 1, PCle TX- Lane 1. It can be left floating
PERp1, PER,1 PCle RX+ Lane 1, PCle RX- Lane 1. It can be left floating
PET,2, PETq2 PCle TX+ Lane 2, PCle TX- Lane 2. It can be left floating
PERp2, PERn2 PCle RX+ Lane 2, PCle RX- Lane 2. It can be left floating
PET,3, PET.3 PCle TX+ Lane 3, PCle TX- Lane 3. It can be left floating
PERy3, PER,3 PCle RX+ Lane 3, PCle RX- Lane 3. It can be left floating
REFCLKp, REFCLK, 100 MHz reference clock+, 100 MHz reference clock—
CLKREQ# (1.8v) Clock request
PERST# (1.8V) PCle Fundamental Reset
LED. 1# 3.3V Status indicator for system LED; OD o'utput. It
can use 100 ohms to LED tied to 3.3V
UART_RX 1.8v Engineering test. It can be left floating®
UART_TX 1.8v Engineering test. It can be left floating®
SMBus_CLK 1.8V SMBUS CLOCK
SMBus_DATA 1.8V SMBUS data
SMBus_Alert 1.8V SMBUS interrupt
GPIO5/30/31 1.8V General Purpose Input and Output
PLN# 1.8v Power Loss Notification. Pull-up when not driven.
PLA# 1.8v Power Loss Acknowledgement (default high).
PWR_1 power 2.5V power’
PWR_2 power 1.2V power
PWR_3 power 0.8V power
GND ground
RFU Reserved for future use?
DNU/NC Do not use®

Note:

1. Engineering test signal should be routed to a test point pad. They are not intended for
customer use since they have controlled access to insure security of data

2. RFU signals are reserved for future use. These balls shall be soldered to a platform
board, but shall be electrically no-connect on the host or the module

3. DNU signals are for manufacturing only. These balls shall be soldered to a platform
board, but shall be electrically no-connect on the host or the module

4. Power domain (1.8V) is internally generated by an LDO

5. Each PCle in-band signal (PETxy/PERxy) requires AC coupling capacitance (75nF-500nF)
close to the transmitter

6. We recommend to make a design compatible with both 3.3V and 1.8V.

7. We recommend to make a design compatible with 2.5V for next generation SSD.

— ]
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7. Schematic design reference
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8. Compliance

Exascend BGA SSD complies with the following specifications:

e FCC
e CE
e RoOHS

9. Supported NVMe commands

Exascend BGA SSDs support the NVMe commands that are shown in the following table. For details about the NVMe
commands, please refer to the NVMe 1.4 command set specifications.

Table 8: Admin commands

Delete I1/0 submission queue 00h Abort 08h
Create I/0O completion queue 01h Set features 0%h
Get log page 02h Get features OAh

Delete I/0O submission queue 04h Asynchronous event request 0Ch
Create I/0O completion queue 05h Firmware commit 10h
Identify 06h Firmware image download 11h

Table 9: I/O commands

COMMAND NAME CODE (HEX) COMMAND NAME CODE (HEX)

Flush Compare

Write 01h Dataset management 0%h

Read 02h Write zeroes 08h
Write uncorrectable error 04h

Table 10: Get log commands

COMMAND NAME CODE (HEX) COMMAND NAME CODE (HEX)

Reserved S.M.A.R.T. / health information

Error information 01h Firmware information 03h

REV 004 Products and specifications are subject to change by Exascend without notice. 12
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Legal information

Limited Warranty Policy

Exascend, Inc. ("Exascend") warrants that Exascend's product, in its original sealed packaging, will be free from defects in
materials and workmanship. Subject to the conditions and limitations set forth below, Exascend will either repair or replace any
part of its products that prove defective by reason of improper workmanship or materials. This warranty is non-transferable and
valid only for the original purchaser of the Exascend products, except where prohibited by law. The original sales receipt or
invoice, or a copy thereof, is required to establish the purchase date and original purchaser.

1. This warranty supersedes all other warranties and representations, whether oral or written, between you and Exascend.
Exascend makes no other warranties, including any warranty of merchantability or fitness for a particular purpose,
whether expressly or implied.

2. All warranties, whether express or implied, are limited to the periods of time set forth below. Some states and jurisdictions
do not allow such exclusion of implied warranties, limitations or warranty period, so above restrictions may not apply to
you.

3. Exascend may acknowledge or read and save the data and information (collectively, "Information") stored in the product
during after-services. Exascend hereby agrees that Exascend will not disclose any Information to any third parties, except
Exascend's employees, who may need to access the Information, with or without your prior written consent.

Warranty Terms
We offer three (3) years limited warranty for our enterprise products.

The warranty period is the SHORTER OF:

e aperiod of three (3) years beginning from the date of purchase; or
e the period ending when the drive reached advertised DWPD or TBW rating; or
e the period ending when the device's Lifespan indicator has reached 0% or below.

This Limited Warranty will not apply to, and Exascend will have no liability or obligation with respect to, problems or damage
resulting from any of the following: (i) accident, modification, neglect, abuse, careless or incorrect handling, misuse or
improper operation, disassembly, misapplication or use in unusual physical environments or under operating conditions not
approved by Exascend (including, but not limited to, use of the Product with an improper voltage supply); (i) normal wear and
tear; (i) removal of label(s) or sticker(s) provided on or with the Product (including all warranty or quality-control stickers,
product serial or electronic numbers); (iv) problems relating to or residing in non-Exascend hardware, software or other items
with which the Product is used; (v) use in an environment, in a manner or for a purpose for which the Product was not
designed or not in accordance with Exascend’s published documentation; (vi) installation, modification, alteration or repair by
anyone other than Exascend or its authorized representatives; (vii) problems that do not relate to materials or workmanship or
that have an insignificant impairment on the use or operation of the Product; or (viii) problems related to consumables; (ix)
Product purchased “AS-IS” or “with known faults, defects or problems.” Additionally, Exascend will have no liability or
obligation to recover any data in the Product.

Disclaimer of liability

Exascend, Inc. reserves the right to make changes to specifications and product descriptions such as but not limited to
numbers, parameters and other technical information contained herein without notice. Please contact Exascend, Inc. to obtain
the latest specifications. Exascend, Inc. grants no warranty with respect to this datasheet, explicit or implied, and is not liable
for direct or indirect damages. Some states do not grant the exclusion of incidental damages and as such this statement may
not be valid in such states. The provisions of the datasheet do not convey to the purchaser of the device any license under any
patent right or other intellectual property right of Exascend, Inc.

Customers must not use Exascend products in applications where a device failure or malfunction may cause
personal injury or death, e.g., in life support systems or devices.

Exascend shall not be liable for any loss, injury or damage caused by use of the products in any of the following applications:
e Medical-related devices, life support, medical measurement devices, etc.
|
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e Control devices for trains, ships, mass transportation systems or automotive vehicles, etc.
e Specific applications including military/defense-related equipment, aerospace, nuclear facility control systems, etc.
e Safety systems for disaster prevention/crime prevention, etc.

Copyright notice

Copyright © 2022 Exascend, Inc. All rights reserved. Information contained in this document, including but not limited to any
instructions, descriptions, and product specifications, is considered proprietary and confidential to Exascend, Inc. and shall not
be modified, used, copied, reproduced or disclosed in whole or in part, in any form or by any means, electronic or mechanical,
for any purpose, without the written consent of Exascend, Inc.

Contact information

Exascend Taiwan Office

Address: Room 1, 6F, No. 288, Sec. 6, Civic Blvd., Xinyi Dist., Taipei City 110, Taiwan.
General Support: +886-2-2726-6500

Fax: +886-2-2726-6126

Email: sales@exascend.com
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Revision history

Table 11: BGA SSD datasheet revision history

REVISION DESCRIPTION DATE

001 First released August, 2023

002 Modify the package high to 1.65mm August, 2023

003 Add Schematic design reference
Add SSD power supply request

004 Add TBW value November, 2023

October, 2023
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