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Motivation — The growing enormity of frostbitten Data m
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S * 70% of all data are

o 2035 1d d

g Hot/Warm co a_ta .

ﬂ most of this stuff may never be accessed at all... data 20% * Increasing the lifespan

<l 50- nor, in most cases, will it ever be deleted... ~9 ZB of storage media
/ * Reducing energy

40— 2035 consumption

Cool/Cold/Frozen
“Active-Archive”
307 data 80%
Just-In-Case/ ~35ZB

20+ WORN
data

e Sustainable data
storage

P[] cerabyte

Store all data forever

2025 2030 2035
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"™ hot data 7% (nanosec) of shipped ZB warm data 13% (millisec) of shipped ZB
¥ cool data 20% (minutes) of shipped ZB B cold data 25% (days) of shipped ZB
mm frozen data 30% (weeks to years) of shipped ZB

Zettabytes, 1021 bytes, 1 Mio PB (1 PB = 1 Mio GB)
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Idea: Developing ceramic “pages” and writing in these m

Data
(e.g. QR-code)
TSN

permanent information fs-Laser

“ : ” ceramic substrate (from supplier)
written in stone

Processing & Writing

d
deposition of ceramic thin-film
(~10 nm thin) on ceramic foil

© The Morgan Library & Musedfn”

materials science | TUW Idea: by Martin Kunze



Ideas and targets TU

the smaller the “bit-size” the
more important become edge-
contours and crack-formation.
100 nm = 125 GB (10x10 cm)
10 nm = 12.5 TB (10x10 cm)

pulsed laser beam (IFT)

ablated area

L

/, ceramic coating (WWWT)

contour

cracks

interface region (WWWT)

glass, ceramic, .... substrate

&
¥
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Research Strategy to Develop Innovative High-Tech LTy

(OF:1% . 3
Materials for a Sustainable Future
Properties

Simulations

» Development and
characterization of new materials

» Atomic-level understanding of
Synthesis—Chemistry-Structure—
Properties

Chemistry-
Structure

Synthesis

Performance

DSC/TGA to 2400 °C mechanical and tribological

PVD machines Microstructure and Micromechanics properties
materials science | TUW Research Strategy of the Materials Science Research Unit




Physical Vapor Deposition to prepare New Materials m

From Vapor to Solid

1,

Limited atomic reassembling (low substrate temperature (T/T,, < 0.2) U
high defect density in the prepared coatings. = N Il‘
Preparation of metastable and/or supersaturated phases. T ‘ ; |
High defect-density o

: The def B 1))
dislocation density for TiN: p; ~1017 1/m? like people. € de. ects
make them interesting!

Deposition of um-thin
hard films (TiN, (Ti,Al)N,
CrN,...) using a plasma

Huge playground in modifying/developing materials
materials science | TUW P.H. Mayrhofer, C. Mitterer, L. Hultman, H. Clemens, Prog. Mat. Sci. 51 (2006) 1032-1114



Laser Ablation of a 25-nm-thin CrN on Al,O, TU

single-crystalline Al, O, polycrystalline Al,0,
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161 @ @ 9 @ 9 . O A=515nm 2"4 harmonic,|VIS
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o
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n
1 B . > . —.
10 pm energy consumption depends on
T

S VO | .
12 3 4 5 2 3 4 coating-material and laser-wavelength
pulses per spot pulses per spot and their combination
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Corrosive and Thermal Resilience of the “Data” Carriers TU

- 273 °C( 80 mK) 3 days @ 300°C- air 3 days @_»’50°C — S50, EMP, UV & radiation 1500 K — vacuum

Before Aging

After Aging

50 um x 50 um QR code with 1 um pixel size on glass substrates and a 10 nm CrN coating.
The reading error remains below 5% after testing.

materials science | TUW © 2023 Cerabyte



Oxidation resistance
Tig 21Alg 1Crp 26NDg 16Tag 16N 100 h @ 850 °C  Tig »;Alg5;Cr 26Nbg 16Tag 16N+6%Si

(d) FIB protection layer

content (at%)

distance (hm)

materials science | TUW
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Combining strength, toughness, resistance 050 °C TV

. 3.5 01
(Si.A)O° 2(Si,A)*7 55

: _ 30

= E =

: = 25 S

5'4@ g

E & g 20

- - 30t

32 3§ 15 i ALTaIN

- f = lo~" Q3

= 9 1099 & .o Sl

= * 0

= 2 8 2 o e 1

§ ? o0.5digr=AETACN TS

“& (Ti,Al, Ta)N/(Ti,Al,Si)N

~-1 0

0 5 10 15 0 5 10 15 1 T T T T 1
Si (at%) or A (nm) Si (at%) or A (nm) 05 1t(i)m1e5(hz)0 25 30

dislocation gliding across the interfaces for small A (opposing forces that can act on dislocations); a bit similar to Kelly—Fine:

Atg; = A (replacing r, with A)
materials science | TUW Mayrhofer PH, Clemens H, Fischer FD. Prog. Mat. Sci. 146 (2024) 101323 1-57
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Phase Change Materials

Outlook

materials science | TUW



Conclusions paul.mayrhofer@tuwien.ac.at m
» CrN and (Al,Cr)N: lowest ablation threshold (so far)

» The interface affects the ablation behavior

» PVD allows for tuning structure and phases

> ldentify materials and structures that allow to combine strength,
toughness, stability, resistance & minimum energy to ablate!

FFG

Promoting Innovation.

strength toughness

Bridge
ACkn.OWI.e.dgmentS thermal corrosion/oxidation
to scientific and stability resistance

financial support
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Comparison [ corbyte 026 M

1 GB/s ] LTO9 tape
PO SmE newe  BOcerabyte
b
cerabyte high short
e storage ! access

g LTO-tape den5|ty time
g_ HDD
(7, ]
&n Microsoft
= 1MB/s ® sic strong high
; 2030+ innovation resili-
pt roadmap ence
ofd
(1)
(@] DNA data

. storage LTOQ tape

2040+
reliable
1 KB/s gr?duct eI(r)TIV\I/SEIC(;n
100 MB 100 GB 100 TB elivery low total cost
Capacity per volume of ownership
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