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Seagate® Technology Support Services

For information regarding online support and services, visit: http://www.seagate.com/contacts/

For information regarding Warranty Support, visit: http://www.seagate.com/support/warranty-and-replacements/
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For Seagate OEM, Distribution partner and reseller portals, visit: http://www.seagate.com/partners/

Seagate Enterprise Capacity 3.5 HDD v5 SAS Product Manual, Rev. E 5


http://www.seagate.com/services-software/data-recovery-services/
http://www.seagate.com/contacts/
http://www.seagate.com/support/warranty-and-replacements/
http://www.seagate.com/services-software/data-recovery-services/
http://www.seagate.com/partners/

1.0 Scope
This manual describes Seagate® Enterprise Capacity 3.5 HDD v5 SAS (Serial Attached SCSI) disk drives.

Enterprise Capacity 3.5 HDD v5 drives support the SAS Protocol specifications to the extent described in this manual. The SAS Interface Manual (part
number 100293071) describes the general SAS characteristics of this and other Seagate SAS drives.

Product data communicated in this manual is specific only to the model numbers listed in this manual. The data listed in this manual may not be
predictive of future generation specifications or requirements. If designing a system which will use one of the models listed or future generation
products and need further assistance, please contact the Field Applications Engineer (FAE) or our global support services group as shown in See
“Seagate® Technology Support Services” on page 5.

Unless otherwise stated, the information in this manual applies to standard and Self-Encrypting Drive models.

Standard 512N models
ST6000NMO0245
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2.0 Applicable standards and reference documentation

The drives documented in this manual have been developed as system peripherals to the highest standards of design and
construction. The drives depend on host equipment to provide adequate power and environment for optimum performance and
compliance with applicable industry and governmental regulations. Special attention must be given in the areas of safety, power
distribution, shielding, audible noise control, and temperature regulation. In particular, the drives must be securely mounted to
guarantee the specified performance characteristics. Mounting by bottom holes must meet the requirements of Section 8.3.

2.1  Agency and Safety Certifications

Each Hard Drive and Solid State Drive ("drives") has a product label that includes certifications that are applicable to that specific
drive. The following information provides an overview of requirements that may be applicable to the drive.

2.1.1 Safety certification

These products are certified to meet the requirements of UL/cUL 60950-1, EN 60950-1, and may also include, IEC 62368, UL 62368
and EN 62368.

The security features of Self-Encrypting Drive models are based on the “TCG Storage Architecture Core Specification” and the “TCG
Storage Workgroup Security Subsystem Class: Enterprise_A" specification with additional vendor-unique features as noted in this
product manual.

2.1.2 Regulatory Models
The following regulatory model number represent all features and configurations within the series:
Regulatory Model Numbers: STR007

The security features of Self-Encrypting Drive models are based on the “TCG Storage Architecture Core Specification” and the “TCG
Storage Workgroup Security Subsystem Class: Enterprise_A" specification with additional vendor-unique features as noted in this
product manual.

2.1.3 Electromagnetic compatibility

The drive, as delivered, is designed for system integration and installation into a suitable enclosure prior to use. The drive is supplied
as a subassembly and is not subject to Subpart B of Part 15 of the FCC Rules and Regulations.

The design characteristics of the drive serve to minimize radiation when installed in an enclosure that provides reasonable shielding.
The drive is capable of meeting the Class B limits of the FCC Rules and Regulations when properly packaged; however, it is the user’s
responsibility to assure that the drive meets the appropriate EMI requirements in their system. Shielded I/O cables may be required if
the enclosure does not provide adequate shielding. If the I/O cables are external to the enclosure, shielded cables should be used,
with the shields grounded to the enclosure and to the host controller.

2.1.3.1 Electromagnetic susceptibility

The drive as delivered is tested to meet susceptibility requirements in a representative enclosure. It is the responsibility of those
integrating the drive within their systems to perform those tests required and design their system to ensure that equipment
operating in the same system as the drive or external to the system does not adversely affect the performance of the drive. See
Section 6.3, "DC power requirements".
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2.1.4 Electromagnetic compliance

Seagate uses an independent laboratory to confirm compliance with the directives/standards for CE Marking and RCM Marking. The
drive was tested in a representative system for typical applications and comply with the Electromagnetic Interference/
Electromagnetic Susceptibility (EMI/EMS) for Class B products. The selected system represents the most popular characteristics for
test platforms.

Although the test system with this Seagate model complies with the directives/standards, we cannot guarantee that all systems will
comply. The computer manufacturer or system integrator shall confirm EMC compliance and provide the appropriate marking for
their product.

2.1.5 European Union (EU) CE Marking Requirements

Drives that display the CE mark comply with the European Union (EU) requirements specified in the Electromagnetic Compatibility
Directive (2014/30/EU) put into force on 20 April 2016. Testing is performed to the levels specified by the product standards for
Information Technology Equipment (ITE). Emission levels are defined by EN 55032:2012, Class B and the immunity levels are defined
by EN 55024:2010.

The drives also meet the requirements of The Low Voltage Directive (LVD) 2014/35/EU.

Seagate drives are tested in representative end-user systems. Although CE-marked Seagate drives comply with all relevant
regulatory requirements and standards for the drives, Seagate cannot guarantee that all system-level products into which the drives
are installed comply with all regulatory requirements and standards applicable to the system-level products. The drive is designed
for operation inside a properly designed system (e.g., enclosure designed for the drive), with properly shielded I/0 cable (if
necessary) and terminators on all unused I/0 ports. Computer manufacturers and system integrators should confirm EMC
compliance and provide CE marking for the system-level products.

For compliance with the RoHS "Recast" Directive 2011/65/EU (RoHS 2), Section 2.3.1 on page 10.

2.1.6 Australian RCM Compliance Mark

If these models have the RCM marking, they comply with the Australia/New Zealand Standard AS/NZ CISPR32 and meet the
Electromagnetic Compatibility (EMC) Framework requirements of the Australian Communication and Media Authority (ACMA).

2.1.7 CanadaICES-003
If this model has the ICES-003:2016 marking it complies with requirements of ICES tested per ANSI C63.4-2014.

2.1.8 South Korean KC Certification Mark

The South Korean KC Certification Mark means the drives comply with paragraph 1 of Article 11 of the Electromagnetic Compatibility
control Regulation and meet the Electromagnetic Compatibility (EMC) Framework requirements of the Radio Research Agency (RRA)
Communications Commission, Republic of Korea.These drives have been tested and comply with the Electromagnetic Interference/
Electromagnetic Susceptibility (EMI/EMS) for Class B products. Drives are tested in a representative, end-user system by a Korean-
recognized lab.

N F e A& AW 2
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2.1.9 Morocco Commodity Mark

To satisfy our OEM customers, Seagate has added the Moroccan Commaodity Mark to the drives provided to the OEM for the sale of
Customer Kits produced by our OEM customers that are intended to be incorporated into the OEM's finished system-level product by
an end user. The Customer Kits are considered 'devices' under Morocco's Order of the Minister of Industry, Trade, Investment and
Digital Economy No. 2574-14 of 29 Ramadan 1436 (16 July 2015) on electromagnetic compatibility of equipment.

Seagate drives are tested for compliance and complies with the European Union (EU) Electromagnetic Compatibility (EMC) Directive
2014/30/EU and the Low Voltage Directive (LVD) 2014/35/EU. Accordingly, the drives also meets the requirements of Morocco's
Order of the Minister of Industry, Trade, Investment and Digital Economy No. 2574-14 of 29 Ramadan 1436 (16 July 2015) on
electromagnetic compatibility of equipment.

2.1.10 Taiwanese BSMI
Drives with the Taiwanese certification mark comply with Chinese National Standard, CNS13438.

For compliance with the Taiwan Bureau of Standards, Metrology and Inspection’s (BSMI) requirements, Section 2.3.3 on page 11.

2.2 FCC verification

These drives are intended to be contained solely within a personal computer or similar enclosure (not attached as an external
device). As such, each drive is considered to be a subassembly even when it is individually marketed to the customer. As a
subassembly, no Federal Communications Commission verification or certification of the device is required.

Seagate has tested this device in enclosures as described above to ensure that the total assembly (enclosure, disk drive,
motherboard, power supply, etc.) does comply with the limits for a Class B computing device, pursuant to Subpart J, Part 15 of the
FCC rules. Operation with noncertified assemblies is likely to result in interference to radio and television reception.

Radio and television interference. This equipment generates and uses radio frequency energy and if not installed and used in
strict accordance with the manufacturer’s instructions, may cause interference to radio and television reception.

This equipment is designed to provide reasonable protection against such interference in a residential installation. However, there is
no guarantee that interference will not occur in a particular installation. If this equipment does cause interference to radio or
television, which can be determined by turning the equipment on and off, users are encouraged to try one or more of the following
corrective measures:

+ Reorient the receiving antenna.

« Move the device to one side or the other of the radio or TV.

« Move the device farther away from the radio or TV.

+ Plug the computer into a different outlet so that the receiver and computer are on different branch outlets.

If necessary, users should consult a dealer or an experienced radio/television technician for additional suggestions. Users may find
helpful the following booklet prepared by the Federal Communications Commission: How to Identify and Resolve Radio-Television
Interference Problems. This booklet is available from the Superintendent of Documents, U.S. Government Printing Office, Washington,
DC 20402. Refer to publication number 004-000-00345-4.
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2.3  Environmental protection

Seagate designs its products to meet environmental protection requirements worldwide, including regulations restricting certain
chemical substances.

2.3.1 European Union Restriction of Hazardous Substance Law

2.3.1.1 Restriction of Hazardous Substances in Electrical and Electronic Equipment

Seagate drives are designed to be compliant with the European Union RoHS "Recast" Directive 2011/65/EU (RoHS 2) as amended by
Directive (EU) 2015/863. The RoHS2 restricts the use of certain hazardous substances such as Lead, Cadmium, Mercury, Hexavalent
Chromium, Polybrominated Biphenyls (PBB) and Polybrominated Diphenyl Ether (PBDE), BisBis(2-Ethylhexyl) phthalate (DEHP),
Benzyl butyl phthalate (BBP), Dibutyl phthalate (DBP), and Diisobutyl phthalate (DIBP) in electrical and electronic equipment (EEE).

2.3.1.2 Substances of Very High Concern (SVHC)

The European Union REACH (Registration, Evaluation, Authorization and Restriction of Chemicals) Regulation (EC) 1907/2006
regulates chemicals shipped into and used in Europe. A number of parts and materials in Seagate products are procured from
external suppliers. We rely on the representations of our suppliers regarding the presence of REACH substances in these articles and
materials. Our supplier contracts require compliance with our chemical substance restrictions, and our suppliers document their
compliance with our requirements by providing full-disclosure material content declarations that disclose inclusion of any REACH-
regulated substance in such articles or materials. Product-specific REACH declarations are available upon request through your
Seagate Sales Representative.

2.3.2 China Requirements —China RoHS 2

China RoHS 2 refers to the Ministry of Industry and Information Technology Order No. 32, effective July 1, 2016, titled
Management Methods for the Restriction of the Use of Hazardous Substances in Electrical and Electronic Products. To

tzofcomply with China RoHS 2, Seagate determines this product's Environmental Protection Use Period (EPUP) to be 20

years in accordance with the Marking for the Restricted Use of Hazardous Substances in Electronic and Electrical Products,
SJT 11364-2014.

Table 1 China - Hazardous Substances

FEMR
TR Hazardous Substances
Part Name e x W VAVIIK: i ZIREIE IR ARk
(Pb) (Hg (Cd) (cr+6) (PBB) (PBDE)
FLIRB A

IEEISD e X 0 0 0 0 0
EJ I E 2% A 20 2
PCBA X 0 0 0 0 0

REMMAE SIT 11364 [FHLE il o
This table is prepared in accordance with the provisions of SJ/T 11364-2014
O: FIRZAH FWAE LA BT b K& B 175 GBIT 26572 FilE R & 2R LT .

O: Indicates that the hazardous substance contained in all of the homogeneous materials for this
part is below the limit requirement of GB/T26572.

X: FRZAT FEYEDAEIZAAF I FORRE 5 ERE H GB/T 26572 UE IR ELZER

X: Indicates that the hazardous substance contained in at least one of the homogeneous materials
used for this part is above the limit requirement of GB/T26572.
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2.3.3 Taiwan Requirements — Taiwan RoHS

Taiwan RoHS refers to the Taiwan Bureau of Standards, Metrology and Inspection’s (BSMI) requirements in standard CNS 15663,
Guidance to reduction of the restricted chemical substances in electrical and electronic equipment. Seagate products must comply
with the “Marking of presence” requirements in Section 5 of CNS 15663, effective January 1, 2018. This product is Taiwan RoHS

compliant.

The following table meets the Section 5 “Marking of presence” requirements.

Table 2 Taiwan - Restricted Substances

RS TR, RS EEAT AR

Equipment Name: Hard Disk Device, Type Designation: Internal Use Only

FR R AR
BT Restricted Substance and its chemical symbol
Slis o0 7K i N ZIRBE | DR B
(Pb) (Ha) (Cd) (Crto) (PBB) (PBDE)

ki ek
HDD — o O o} O o}
BN il 7 AR 4 %%
PCBA — o O o} O o}

5% 1. "O" RIRZ IR W HE < | o L& BB H A 7 Pl B MR

Note 1. "O" indicates that the percentage content of the restricted substance
does not exceed the percentage of reference value of presence.

5% 2. "—" RIGZIR Y E A HERRIHE

Note 2. "—" indicates that the restricted substance corresponds to the exemption.

24 Reference documents

SAS Interface Manual
Seagate part number: 100293071

SCSI Commands Reference Manual
Seagate part number: 100293068

ANSI SAS Documents

SFF-8323 3.5" Drive Form Factor with Serial Connector
SFF-8460 HSS Backplane Design Guidelines

SFF-8470 Multi Lane Copper Connector

SFF-8482 SAS Plug Connector

INCITS 538 SCSI Protocol Layer-4 (SPL-4) Rev. 08

INCITS 534 Serial Attached SCSI (SAS-4)

INCITS 506 SCSI Block Commands-4 (SBC-4) Rev. 10
INCITS 502 SCSI Primary Commands-5 (SPC-5) Rev. 10

ANSI Small Computer System Interface (SCSI) Documents
INCITS 515 SCSI Architecture Model (SAM-5) Rev. 11

Specification for Acoustic Test Requirement and Procedures
Seagate part number: 30553-001

In case of conflict between this document and any referenced document, this document takes precedence.
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3.0 General description

Enterprise Capacity 3.5 HDD v5 drives provide high performance, high capacity data storage for a variety of systems including engineering
workstations, network servers, mainframes, and supercomputers. The Serial Attached SCSI interface is designed to meet next-generation
computing demands for performance, scalability, flexibility and high-density storage requirements.

Enterprise Capacity 3.5 HDD v5 drives are random access storage devices designed to support the Serial Attached SCSI Protocol as described in the
ANSI specifications, this document, and the SAS Interface Manual (part number 100293071) which describes the general interface characteristics of
this drive. Enterprise Capacity 3.5 HDD v5 drives are classified as intelligent peripherals and provide level 2 conformance (highest level) with the
ANSI SCSI-1 standard. The SAS connectors, cables and electrical interface are compatible with Serial ATA (SATA), giving future users the choice of
populating their systems with either SAS or SATA hard disk drives. This allows users to continue to leverage existing investment in SCSI while
gaining a 12Gb/s serial data transfer rate.

The Self-Encrypting Drive models indicated on the cover of this product manual have provisions for “Security of Data at Rest” based on the
standards defined by the Trusted Computing Group (see www.trustedcomputinggroup.org).

The head and disk assembly (HDA) is sealed at the factory. Air recirculates within the HDA through a non-replaceable filter to maintain a
contamination-free HDA environment.

Never disassemble the HDA and do not attempt to service items in the sealed enclosure
(heads, media, actuator, etc.) as this requires special facilities. The drive does not contain
user-replaceable parts. Opening the HDA for any reason voids the product warranty.

An automatic shipping lock prevents potential damage to the heads and discs that results from movement during shipping and handling. The
shipping lock disengages and the head load process begins when power is applied to the drive.

Enterprise Capacity 3.5 HDD v5 drives decode track 0 location data from the servo data embedded on each surface to eliminate mechanical
transducer adjustments and related reliability concerns.

The drives also use a high-performance actuator assembly with a low-inertia, balanced, patented, straight arm design that provides excellent
performance with minimal power dissipation.

Seagate recommends validating the configuration with the selected HBA/RAID
controller manufacturer to ensure use of full capacity is supported.
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3.1 Standard features

Enterprise Capacity 3.5 HDD v5 drives have the following standard features:
« 128 - deep task set (queue)

+ 256MB data buffer (see Section 4.4).

+ 3.0/6.0/12.0 Gb Serial Attached SCSI (SAS) interface

« Drive Self Test (DST)

» Embedded servo design

 Firmware downloadable using the SAS interface

« Flawed logical block reallocation at format time

« Idle Read After Write (IRAW)

+ Industry standard SFF 3.5-in dimensions

+ Integrated dual port SAS controller supporting the SCSI protocol
« Jumperless configuration.

+ No preventive maintenance or adjustments required

+ Perpendicular recording technology

+ Power Save

» Programmable auto write and read reallocation

+ Programmable logical block reallocation scheme

« Reallocation of defects on command (Post Format)

+ SAS Power Disable

. Seagate RAID Rebuild™

« Self diagnostics performed when power is applied to the drive

« Support for SAS expanders and fanout adapters

+ Supports up to 32 initiators

+ User-selectable logical block sizes for 512N (512, 520, 524 or 528 bytes per logical block).
« Vertical, horizontal, or top down mounting

3.2 Media description

The media used on the drive has a aluminum substrate coated with a thin film magnetic material, overcoated with a proprietary protective layer for
improved durability and environmental protection.

3.3  Performance

« 1200MB/s maximum instantaneous data transfers.

+ 7200 RPM spindle. Average latency = 4.16ms

- Adaptive seek velocity; improved seek performance

« Background processing of queue

« Programmable multi-segmentable cache buffer

+ Supports start and stop commands (spindle stops spinning)

3.4 Reliability

- 5-year warranty

- Annualized Failure Rate (AFR) of 0.44%

+ Balanced low mass rotary voice coil actuator

« Incorporates industry-standard Self-Monitoring Analysis and Reporting Technology (S.M.A.R.T.)
+ Mean time between failures (MTBF) of 2,000,000 hours
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3.5 Formatted capacities

Standard OEM models are formatted to 512 bytes per block for 512 native drives. The block size is selectable at format time. Supported block sizes
are 512, 520, 524, and 528 for 512 native drives. Users having the necessary equipment may modify the data block size before issuing a format
command and obtain different formatted capacities than those listed.

To provide a stable target capacity environment and at the same time provide users with flexibility if they choose, Seagate recommends product
planning in one of two modes:

Seagate designs specify capacity points at certain block sizes that Seagate guarantees current and future products will meet. We recommend
customers use this capacity in their project planning, as it ensures a stable operating point with backward and forward compatibility from
generation to generation. The current guaranteed operating points for this product are shown below.

Sector 6TB models

Size Decimal Hex
512 11,721,045,168 2BAAOF4B0
520 11,473,076,960 2ABD942E0
524 11,320,156,000 2A2BBDF60
528 11,157,495,560 29909DF08

3.6 Programmable drive capacity

Using the Mode Select command, the drive can change its capacity to something less than maximum. See the Mode Select (6) parameter list table
in the SAS Interface Manual, part number 100293071. A value of zero in the Number of Blocks field indicates that the drive will not change the
capacity it is currently formatted to have. A number other than zero and less than the maximum number of LBAs in the Number of Blocks field
changes the total drive capacity to the value in the Number of Blocks field. A value greater than the maximum number of LBAs is rounded down to
the maximum capacity.

3.7 Factory-installed options

Users may order the following items which are incorporated at the manufacturing facility during production or packaged before shipping. Some of
the options available are (not an exhaustive list of possible options):

+ Other capacities can be ordered depending on sparing scheme and sector size requested.

+ Single-unit shipping pack. The drive is normally shipped in bulk packaging to provide maximum protection against transit damage. Units
shipped individually require additional protection as provided by the single unit shipping pack. Users planning single unit distribution should
specify this option.

+ The Safety and Regulatory Agency Specifications, part number 75789512, is usually included with each standard OEM drive shipped, but extra cop-
ies may be ordered.
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4.0 Performance characteristics

This section provides detailed information concerning performance-related characteristics and features of Enterprise Capacity 3.5 HDD v5 drives.

4.1 Internal drive characteristics

Drive capacity 6TB models
Read/write data heads 1
Bytes/track 2,179,072
Bytes/surface 1,300,000
Tracks/surface (total) 33,900
Tracks/in 375,000
Peak bits/in 2,226,000
Areal density 802
Internal data rate 2546
Disk rotation speed 7200

Avg rotational latency 4.16

4.1.1 Format command execution time

512N-byte sectors (minutes) 6TB models
Maximum (with verify) 1077
539

Maximum (without verify)

(formatted, rounded off value)

Bytes (average, rounded off values)
MB (unformatted, rounded off values)
Tracks (user accessible)

TPI (average)

BPI

Gb/in2

Mb/s (max)

RPM

ms

Execution time measured from receipt of the last byte of the Command Descriptor Block (CDB) to the request for a Status Byte Transfer to the

Initiator (excluding connect/disconnect).

When changing sector sizes, the format times shown above may need to be increased by 30 minutes.

4.1.2 General performance characteristics

Minimum sector interleav