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Introduction

The SMART Modular MDC7000 enterprise-class SSD, available in the Enterprise and Datacenter SSD Form Factor
(EDSFF) E.1S form factor, meets the needs of high-performance compute and storage servers. It is an ideal solution for
capturing, storing and analyzing very large amounts of data. The high performance E1.S form factor and 12V operation is
specifically optimized for scale-out main storage in servers. The module is available in capacity up to 8TB at TLC mode
and starting as low as 240GB at pSLC mode.

The EDSFF form factor standard, defined by the Storage Networking Industry Association (SNIA), is designed to be an
optimized Peripheral Component Interconnect Express (PCle) Non-Volatile Memory Express™ (NVMe™) SSD form
factor solution for servers and storage systems in the data center, which improve flexibility, storage density, modular
scaling, serviceability, and more efficient cooling, optimized for 1U appliances.

The Enterprise and Datacenter 1U Short SSD Form Factor (E1.S), in particular, is a flexible, power efficient building block
for hyper-scale and enterprise compute nodes and storage and is superior to the alternative high-capacity enterprise-
class SSD in half-height half-length (HHHL) add-in card (AIC) and 2.5” U.2 SSD form factors. The M.2 22mm x 110mm
(M.2 22110) SSD form factor, a standard defined by the Peripheral Component Interconnect Special Interest Group (PCI-
SIG) has increasingly been utilized in hyper-scale data centers due to the low-cost structure, flexibility, and scalability
of multiple drives per server, but revealed challenges in hot plug /serviceability, thermals and overheating, and scaling
to high capacities. E1.S solves those problems while maintaining a small and efficient form factor. The E1.S form factor
is slightly wider at 31.5mm, but with similar length (111.5mm) as an M.2 22110. The E1.S can also accommodate up to
twice the number of NAND Flash packaged components on the printed circuit board (PCB) for increased capacity. When
mounted vertically in a 1U server, it offers the best packing efficiency and higher storage capacity compared to other
SSD form factors available for a given volume of space in the server.

Why Enterprise Datacenter SSD Form Factor (EDSFF)?

a SNIA Standard -- efficient form factor for high capacity storage
& Optimized for high capacity, front loading storage systems
a Significantly improved system airflow and thermal solution

a Widened module width beyond the 22mm width found in M.2 form factor allows more NAND Flash placements for

higher capacities
& Addresses deficiencies in M.2 and U.2 SSD form factors

a Allows hot-swapping
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MDC7000 EDSFF E1.S SSD Overview

The enterprise-class MDC7000 EDSFF PCle NVMe SSD is available in a range of capacities up to 8TB and is designed

for high sustained performance in data center/enterprise applications.
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Features
SMART Modular MDC7000 E1.S supports features expected in enterprise-class SSD products.

Model SMART Modular MDC7000 E1.S SSD

Form Factor EDSFF 1U Short — E1.S (5.9mm)

* TLC mode: 1 DWPD: 960GB, 1.92TB, 3.84TB, 7.68TB
Capacities 3 DWPD: 800GB, 1.6TB, 3.2TB, 6.4TB
» SLC mode: Start as low as 240GB (> 10 DWPD)

Interface PCle Gen3 x4, NVMe v1.3

NAND Flash 3D NAND Technology, 96-Layer, eTLC

» 8-channel enterprise-class SSD controller with advanced LDPC Error
Correction Code (ECC) engine, end-to-end data path protection, and
JEDEC capability for internal SRAM and external DRAM cache.

* Dual-port and SR-I0V support

Controller

* SMBus/I2C side-band NVMe Management Interface support

» 128KB Sequential Read/Write — up to 3,200/ 2,200 MB/s

Performance (burst
( ) * Random 4KB Read/Write — up to 500K / 250K IOPS

» 128KB Sequential Read/Write — up to 3,200/ 1,350 MB/s

Performance (sustain
( ) * Random 4KB Read/Write — up to 500K / 70K IOPS

* 4KB QD1 Sequential Read/Write (typical) — 16/20 ps

Average Latency
* 4KB QD1 Random Read/Write (typical) — 90/30 ps

» Support up to 16 namespaces
Namespace Management
» Support namespace reservation function

* 512-byte LBA format (default)
LBA Formats
* 4096-bytes LBA format

» Support Secure Boot with digitally signed firmware
» Hardware-based AES-XTS 256-bit encryption

Security « Sanitize supporting crypto erase and physical block erase
» Optional proprietary Sanitize algorithm available

* TCG Opal 2.0 (optional)

Power Loss Protection SafeDATA power loss data protection technology (standard)
Thermal Management Power management support and thermal throttling
* UBER: < 1 sector per 10" bits read
Reliability
* MTBF: 2 million hours
Endurance 1 DWPD, 3 DWPD

Power (max.) Up to 12Watt (@ 12Volt)
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The MDC7000 E1.S SSD supports an extended set of log pages for advanced device monitoring expected in data center,

enterprise server applications. Log pages are accessible by Get Log Page command.

NVMe Log Pages

Log Identifier

Description

A Reservation Notification log page is created whenever an

Reservation Notification 80h unmasked reservation notification occurs on any namespace
that is attached to the controller.
The Sanitize Status log page is used to report sanitize
Sanitize Status 81h operation time estimates and information about the most
recent sanitize operation.
Read Command Latency c1h The log page is used to report read command latency time
Statistics Log Information and information.
Write Command Latency The log page is used to report write command latency time
Statistics Log Information C2h and information.
Temperature Statistics Log The log page is reported composite temperature and other
Information C5h on board temperature sensors status and information.
This log page is used to report “Program Fail Count”, “Erase
SMART Modular Extended CAh Fail Count”, Wear Leveling Count”, “Host Bytes Written”,

S.M.AAR.T. Log

“NAND Bytes Written”, ...

Physical Dimensions

The MDC7000 EDSFF SSD complies to the 111.5mm x 31.5mm x 5.9mm bare module E1.S form factor as defined in
the SNIA specification for Enterprise and Datacenter 1U Short SSD Form Factor (E1.S) (SFF-TA-1006), allowing up to

12W power consumption.
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E1.S Connector and Pin Assignments

The E1.S connector supports x4 PCle lanes and SMBus out-of-band NMVe Management Interface (NVMe-MI) with pin
assignments compliant to the SNIA specification for Protocol Agnostic Multi-Lane High Speed Connector (SFF-TA-1002)
a common connector standard for all peripheral device types in EDSFF form factors. EDSFF utilizes 12V power supply
readily available in server racks.

Bf]l]I]I]I]I]I]I]I]I]I]I]I][II]I]I]I]I]I]I]I]I]I]I]I]I][I I]Uﬂl]ﬂﬂl]ﬂﬂl]ﬂﬂﬂUﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁ
EDSFF Connector
Pin Contact Sequence Signal Signal Contact Sequence Pin
B1 2nd mate 12V GND 1st mate A1
B2 2nd mate 12V GND 1st mate A2
B3 2nd mate 12V GND 1st mate A3
B4 2nd mate 12V GND 1st mate A4
B5 2nd mate 12V GND 1st mate A5
B6 2nd mate 12V GND 1st mate A6
B7 2nd mate MFG SMBCLK 2nd mate A7
B8 2nd mate RFU SMBDAT 2nd mate A8
B9 2nd mate DUALPORT# SMBRST# 2nd mate A9
B10 2nd mate PERSTO# LED# 2nd mate A10
B11 2nd mate 3.3 Vaux PERST1# 2nd mate A1
B12 2nd mate PWRDIS PRSNTO# 2nd mate A12
B13 1st mate GND GND 1st mate A13
B14 2nd mate REFCLKnNO REFCLKnN1 2nd mate A14
B15 2nd mate REFCLKpO REFCLKp1 2nd mate A15
B16 1st mate GND GND 1st mate A16
B17 2nd mate PETNO PERNO 2nd mate A17
B18 2nd mate PETpO PERpO 2nd mate A18

EDSFF Pin Assignments
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Host System Design Considerations

Namespaces, Single-Port, Dual-Port and SR-IOV Configurations

Unlike the typical PCle NVMe SSD designed for single host systems, the SMART Modular MDC7000 enterprise-class
SSD supports single-port and dual-port operation with up to 16 namespaces. Single root 1/O virtualization (SR-IOV) is

supported in single-port operation.

Single-Port, Dual-Port

& |n single-port operation, the NVMe controller is mapped to PCI Function 0.

& |n dual-port operation, each PCle port has each own NVMe controller mapped to PCI Function 0 of the associated
PCle port.

Namespaces

a Namespaces appear as separate devices to host systems

& Each namespace is identified by a namespace ID (NSID)

a Parallel operations to individual namespaces — each with its own dedicated command queue.
a Namespaces may be private or shared

8 Namespaces may be shared between ports in dual-port operation

Configuration Examples

PCle Port PCle Port x PCle Port y

Single Port Dual Port

= SMART
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SR-IOV

The MDC7000 SSD supports virtual functions in single-port operation. SR-IOV allows more efficient use of storage
resources in Virtual Machines (VM) host systems. Each VM can access a Virtual Function directly instead of having a
Hypervisor managing the data flow to the SSD.

PCle Port

SMBus Out-of-Band NVMe Management Interface (NMVe-MI)

The NVMe Management Interface (NVMe-MI) specification defines a lightweight out-of-band protocol for monitoring and
management of an NVMe storage device. The MDC7000 supports both PCle VDM and SMBus/I2C NVMe-MI functions.

Advantages of SMBus/I2C Side-Band Signals

& Compared to PCle VDM, SMBus/I2C has the advantage of working in situation where PCle VDM does not, such as
when the PCle link is down due to error or not available when power management puts the PCle link in low power
state.

s SMBus/I2C side-band signals are less prone to security breach.

PCle Port 0 PCle Port 1 SMBus/12C
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Host System Thermal Management

Although the SMART Modular MDC7000 E1.S SSD complies with the 12W power consumption limit of the 5.9mm
z-height bare module, a heat spreader or enclosure can be added for enhanced heat dissipation. The SFF-TA-1006
specification also describes the physical dimensions for the E1.S module with additional heat spreader or heat sink

enclosure. The heat spreader and enclosure allow higher total sustained power consumption.

Athermal profile and thermal model are available from SMART Modular for host system thermal management optimization.

E1.S Physical Dimensions and Power Consumption Limits

Total Sustained

Form Factor / Enclosure Type  Height (mm) Length (mm) Thickness (mm) Power Consumption (Watts)

E1.S Raw Card 31.5 111.49 5.9 12
E1.S Heat Spreader 31.5 111.49 8.01 16
E1.S Symmetric Enclosure 31.75 118.75 9.5 20

E1.S with Heat Spreader

110.49

Thermal Tape

Aluminum Plate

®
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E1.S with Symmetric Enclosure
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The EDSFF E1.S SSD provides excellent key customer benefits such as front access and hot pluggable capability, high
density system and efficient thermal design, and single or dual port features. SMART Modular is one of the leading-edge
manufacturers supporting the new EDSFF E1.S SSD. Please contact us for more information.
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