Data Storage Trends: NAND, HDD and Tape Storage
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Archival Storage Overview

Trends in Tiered Data Storage
* NAND and Tape continues to become faster and denser.
 HDD density growth has slowed in recent years, demand is increasing.

* Archival Storage: Tape reliable, cost-effective, and energy-efficient archival
medium which continues to evolve rapidly

Challenges of Alternative Archival Technologies
* Alternative archival technologies face technical and economic hurdles.
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A Changing Data Storage Landscape
Annual capacity Shipments (Bits)
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Annual Bit Shipments

1,000 B NAND ®EHDD MTape
- 100%
Q
-
o) L 80%
— 100 Q
Py ﬁ 60%
e >
= 40%
e o
o ©
x 10 2 20%
L o
0%
0 O o~ < W 0 O o~ =
(o I S I = T B B B o e ST
o o O o O o O o O
1 [ I o/ Y et Y o R 0 T o I ' I e B
% 5 1;'4 E E ﬂ ﬁ Fj E ﬁ TS 2025 Exabyteg‘?/
O O OO 0O 0O O 0 O O >
NN N N N N N N SSD 16%
other 19%
HDD >> SSD bit shipments HDD 58%
LTO Tape ('24) 6%

More Tape demand: Cheap, energy efficient and easier to use

Lauhoff et al. Library of Congress 2026 5



100000

10000

[
2
-
=

100

i
-

1

Areal Density (Gb/in?)

0.1

0.01
1990

Lauhoff et al.

Product Areal Densities

1995

2000

2005 2010

Library of Congress 2026

2015

2020

2025

2030



Areal Density (Gb/in<)

Product and Demo Densities of NAND, HDD, Tape
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Areal Densities of NAND, HDD, Tape, T
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Optical Storage: limited adoption for archival storage. Optical Archival (OD-3) was discontinued in 2023.

Lauhoff et al. Library of Congress 2026



Cost Trends of NAND, HDD and LTO tape HE=4

* Purchase cost decreased for all technologies long term For NAND and HDD, the price per T8 is derived
by dividing revenue by bit shipments

For tape, the price per compressed TB is based on
lowest available cartridge cost.
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Tape faster sequential Read speed compared to single actuator HDD, Optical disk

Speed of SSD, HDD, Tape, Optical

Sequential Read (MB/s)
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Tape drives read and write with 32 heads in parallel to achieve this.
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Hierarchy of Storage and Memory Technologies: Cost per TB vs Read Bandwidth
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DNA Data Storage vs Traditional Data Storage Media Cost 1DV

DNA Data Storage cost by Billion
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DNA Storage slow and expensive
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Summary s=zs

* Tape Storage: continues to evolve.
* HDD: improvements slow down but recently high demand.
* NAND: well-suited for hot storage but not for archival purposes.

* Lack of Alternatives: Within the foreseeable future (within 10 years), there
are no viable alternatives to Tape, HDD, and NAND storage.
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Appendix
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DATA METHODOLOGY

This talk builds on studies by
G. Lauhoff et al, "Storage Infrastructure in the Al Era," IEEE Trans Mag 61, 4 (2025)
R. Fontana, G. Decad AIP Advances 8 (5) 056506 (2018) and our previous Library of Congress presentations

Data obtained from publicly available sources

Parameters considered
e Tape: LTO media only
 HDD: All hard disk drives with no differentiation for capacity, disk diameter, platter number
* NAND: All chip shipments (not just SSD)

Data qualifiers

» Cost/Bit is determined as Total Revenue / Total Bits Shipped and is not representative of any single
product

* Areal Density is determined as the “best” or “highest” value in a shipped product

Tape data — LTO Media Only
* Media cost/bit is based on web-based pricing at www.taped4backup.com
e Data is for media only and does not include contributions from drive sales, library sales



http://www.tape4backup.com/
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