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Disclaimer

Information presented herein represents the author’s personal opinion and understanding of the relevant issues 
involved.  The author and Seagate Technology do not assume any responsibility or liability for damages arising 
out of any reliance on or use of this information.  No warranties expressed or implied.  Use at your own risk.
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Digital Universe in 2020 An IDC study predicts that in 2020 
there will be 44 Zettabytes of digital 
information

Seagate shipped over 92 Exabytes
of capacity last quarter (ended June 
of 2018) 

92 Exabytes is the same as 
shipping 19 billion DVD movies or 
~5,000 copies of the digital contents 
of the Library of Congress (@16PB)

100,000,000,000,000,000,000,000

Total Amount of 
Storage Seagate 

Shipped Last 
Quarter

(84 Exabytes)

Digital Data 
Created by 

2020
(44 Zettabytes)

First Hard Drive 
in 1956

(4.4 Megabytes)

Seagate 
Highest 

Capacity Drive
(14 Terabytes)

Source: A Look at Byte Density Across the Globe” IDC October 2013, IDC/EMC Digital Universe, April 2014 +
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Industry Update
• Hard Disk Drives remain the predominate store of data

• Over the past year the industry shipped 621EB of HDDs & 174EB of SSDs

• Demand exceeds component supplies in both HDD and SSDs

• New HDD/SSD technology, in the forms of HAMR/MAMR/QLC should help alleviate shortages
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HDD* NAND Flash**
Note: the applications for NAND flash are: Flash Memory Card, USB Flash Drive, MPS/ PMP Player, Mobile Phone, Digital Still Camera, Personal Navigation Device, Digital Video Camcorder, Solid State Drive, Tablet, e-Reader, Smartwatch
* Seagate Market Research MTW 62 Q2 CY16     ** Forward Insights NAND Insights Q2‘ CY16
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Storage is shifting to the cloud
Nearline Demand Trend
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MAMR / HAMR Overview
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• MAMR uses a Spin Torque Oscillator (STO) to energize the media
• The frequency of the STO needs to match that of the media but changes 

with the field from the writer and the STO current
• STOs require precise thin films in the recording head
• WDC is MAMR’s biggest proponent

• HAMR uses a laser diode and an optical antenna to energize media
• The optical antenna is called a near-field-transducer or NFT
• The NFT focuses the laser energy to a spot << wavelength of light
• The media must be carefully designed to utilize the energy
• Seagate is HAMR’s biggest proponent

MAMR HAMR
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Seagate’s HAMR ASTC Areal Density Measurements
These areal densities are measured under 
ideal conditions using special test equipment

They show the capability of the technology

The areal density shown is the user’s areal 
density and includes overhead for error 
correction codes.  The actual raw written areal 
density is 13% higher than shown

As expected, SMR areal densities are higher 
than what can be obtained with CMR, both are 
far higher than conventional technology

We have been able to achieve >2TBPSI with 
SMR and more than 3000 kBPI with CMR

“Definition of an Areal Density Metric for Magnetic Recording Systems,” Steven D. Granz, Tue Ngo, Tim Rausch, Richard Brockie, Roger Wood, Gerardo Bertero, Edward C. Gage, IEEE Trans. Magn. Vol. 53, Issue: 2, Feb. 2017

HAMR ASTC ADC
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HAMR Media Grain Size Progress

Recent Media
GSc2c = 7nm

Newest R&D Media
GSc2c = 5.6nm

Media from a few years ago
GSc2c = 10.5nmThe newest media is a leap forward 

in grain size reduction.

Stable 5.6 nm grains.

The newest R&D media will allow 
more than a 50% ADC gain from the 
current records on the recent media.

We believe this media is capable of 
supporting 3TBPSI using the ASTC 
ADC definition

“Heat Assisted Magnetic Recording – Next Generation Mass Storage Technology,” Ganping Ju et. Al., Intermag 2018 Session EF
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HAMR Reliability Progress

HAMR reliability has made great progress 
and is now suitable for products

We routinely have heads that write for 
thousands of hours

Our best recording heads are now writing 
over 6000 hours (equiv. to 3.2PB of data)

In a product, writes are typically evenly 
distributed across many heads.  A typical 
head will see less than 40 hours of writing 
in its life.

Failed NFT

Historical HAMR Reliability

Drive Family 1

Drive Family 2

Each dot is an experiment with many drives
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Dual-Actuator Hard Drives
• Dual-actuator are essentially two drives in one package

• Each actuator is an independent LUN

• Doubles random IOPs / TB 

• Doubles sequential MB/s

• Various approaches are possible:

• Split: co-located actuators on a common pivot

• Opposed: actuators on different pivots

• Preferred Interface: SAS w/one LUN per actuator

• SAS’s LUN mechanism provides independent control-ability

• Seagate has shipped working prototypes to select customers

• Volume manufacturing planned in 2019
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Product Deployment Strategy

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

PMR HAMR

Optimal IOPS/TB

Minimum IOPS/TB

8TB

10TB

12TB

16TB

14TB

20+TB

30+TB

40+TB

14TB

Single Actuator
Scale capacity for non 
performance sensitive 

applications

Multi Actuator
Maintain ~8-10 IOPS/TB 

as capacity scales

20+TB 30+TB
40+TB

1st Generation Multi-Actuator Production Drive
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HDD Cartridge Storage

Cartridge Storage Concept:

• Seagate is researching cartridge-based HDDs

• Design Goals: 

• lower the cost of HDD-based archives

• Include only essential components

• long shelf life

• Cartridges will have similar capacity to HDDs, but lower performance

• We are looking for partners to sponsor this development

3D-printed 
plastic mock-up 

of cartridge

Video of HDD-based Cartridge and R/W Player

Presenter
Presentation Notes
In addition to CLASS, we are also engaging with some of our customers on DNA storage.  DNA is natures storage device that stores the hereditary information of all living things. Using strings of A,C,G,T nucleotides that form the DNA molecule, extremely dense storage ~ 100EB per cc can be achieved.  These have very long life – up to 500 years in a controlled environment.
Current sequencing costs have dropped significantly, but remain very high still at ~ $10k per TB.
Synthesis remains the bottleneck, and with massively parallel synthesis arrays, the best is still only ~ $100k per TB.
Development work based on genetic applications.  Extremely low error rates are required (10-6 or better).
Opportunity for STX to apply its expertise in Data Storage encoding technology.








© 2018, Seagate Technology 1818Seagate Confidential

Conclusion
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Summary

• Data storage demand remains strong and exceeds current supply

• New HDD storage technologies should emerge during the next year

• Dual-actuator drives are emerging to help utilize these new technologies

• Seagate is actively researching ways to reduce cold data storage costs
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