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Additive manufacturing
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Hierarchically designed piezo-arrays
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S.K. Ghosh, et al., Science Advances 2025, 11, eads0778.
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Hierarchically designed piezo-arrays

30
- i}fgar —— Planar
20F — N1 800 - x{’:'f
S 2 =  [——NP2
> E— <
o 107 NP < 400 —— NP-1
[@)] -
s W 2 ||||| H
g o MMWMWW}M Y ——T
> =]
S il ‘||H|||“|
PDMS -10¢ -400 ¢
Au electrode =201t - - s . . . |
0 10 20 30 40 50 800 6o
CNCspya Time (s) Time (s)
Pillar structure
...... 1500
o~ Au electrode 40 *___:___Zf_';a’ :::-:Zlfnzar
- NL- k- NL-1
PDMS S 30 e NP-2 - - NP2
o | e NP o009 | T1000F o np g 000
% @9 -9 ~— o o___o__,o - 3
5200 Lo 5 g0 %"
> ; E h
¢ 3 500 ‘ PRS2 B sttt
10} | PO 4 I &
; e gl *
oot ot : : * rﬂ*"’ﬂ 4 655 fﬁ:ﬁiiiﬁ
..
0Ok “" “ttt +-5-085 00® ol o-! :— 00-0—0--0-0-0»0000---0.

d,; of the composite: up to 35 pC/N N I LR R

Pressure (kPa) Pressure (kPa)

S.K. Ghosh, et al., Science Advances 2025, 11, eads0778.



Dipartimento di Fisica “E. Fermi”
UNIVERSITA DI P1sA

CNCspy, aqueous solution
PDMS mold

Glass substrate

Spin coater

Sy

Spin coating

- Pressure (1.6 kPa)

- ———> Molybdenum (Mo) metal plate

- Spin coated CNCspy, aqueous solution
; —> PDMS mold
- ——>Glass substrate

> Hot plate (60°C)

Peel off the NP-1 CNCspy, film
attached to the Mo metal plate

—=——> Mo electrode
NP-1 CNCSpy,

““~——> Mo electrode

Device fabrication

S.K. Ghosh, et al., Science Advances 2025, 11, eads0778.

Mo electrodes

—

H| I||| €«—— cnespn

\ R
PLLA film
C D E
—— 0.4 MV/m —0.4 MV/m
6 05 A pr—
—0.6 ~200F—06
s4—o07 g —l?
S | £ amw
g iy HifH £ o ,‘,,,,HLHIHHH H H i L
< o AN MH} 3 LN
S ol L -100} |
' al -200+
> 0 10 20 30 40 50 0 10 20 30 40 50
5 Time (s) Time (s)
F G
8 8
6}
S 4
1st day S 2 2nd day
490 cycles o 2460 cycles
Lo
.
-4
L L £ L -6 L L L L
0 100 200 300 400 500 0 500 1000 1500 2000 2500
Time (s) Time (s)

Load Voltage (V)

0.3
0.2
\\

0.1

\\

[ \

_///0 ‘o

$—% 2 loo

10° 10" 10° 10° 10"
Load resistance (ohm)

Power output (uW/cm?)

3rd day
2460 cycles

1000
Time (s)

0 500

1500 2000 2500



Dipartimento di Fisica “E. Fermi”
UNIVERSITA DI P1sa

Hierarchically designed piezo-arrays
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Hierarchically designed piezo-arrays
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Hierarchically designed piezo-arrays
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v' Accumulation properties for excitational events = Storage and computation in the same
location

Why 4D in Photonics?

v’ Precise definition of optical access points and coupling efficiency, and high potential for
non-destructive reading

v’ Satisfactory versatility of available polymers and photochromic dopants in terms of
transparency, mixing, control of refractive index and roughness, achievable on-off ratios
etc.

v’ Potential for long-term full-organic computing interfaces with bio-systems

v’ Potential of photochromic systems as initiators for polymerization
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Photochromic molecules
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Nakatani et al, Photochromic Materials: Preparation, Properties and Applications, Wiley-VCH Verlag GmbH & Co. KGaA, 2016
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3D printing of photochromic devices
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F. D’Elia, L. Lavista, S. Orsini, A. Camposeo and D. Pisignano, Light Sci. Appl. 2025, 14, 375.
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3D printing of photochromic devices

3D printed photochromic structures
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F. D’Elia, L. Lavista, S. Orsini, A. Camposeo and D. Pisignano, Light Sci. Appl. 2025, 14, 375.
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Set-up
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Cyclic conversion and thermal relaxation
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Arithmetic operations

Addition: 5+7 =12

23
45 1234
5

] 1/, 111y

\

e Threshold

Green UV

O =2 O =
I
—
—
T
—
—
T

L L
T

L L
—_—
————
—
———
——
—_——
—
 —
—
—_— ]

T T |

NN

Time (s)
2 4 6 8 10 12 14 16 18 20 22

9 11 13 15 17
Number of pulses

F. D’Elia, L. Lavista, S. Orsini, A. Camposeo and D. Pisignano, Light Sci. Appl. 2025, 14, 375.



Dipartimento di Fisica “E. Fermi”
UNIVERSITA DI P1sA

Arithmetic operations
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F. D’Elia, L. Lavista, S. Orsini, A. Camposeo and D. Pisignano, Light Sci. Appl. 2025, 14, 375.
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Logic operations
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F. D’Elia, L. Lavista, S. Orsini, A. Camposeo and D. Pisignano, Light Sci. Appl. 2025, 14, 375.
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@ Photoinduced birefringence
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C‘f'l Birefringence vs. UV polymerization
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Birefringence vs. UV polymerization
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Device operation
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Conclusions

v' Demonstrated practicability of 4D printing
for photonics, controlling the propagation (intensity,
polarization...) of light by external optical stimuli

v By combining input data processing and memory
capabilities, photochromic materials are interesting
for all-organic and all-optical operations to be

integrated in 3D architectures

 Further integration of active and nonlinear
materials and components for a truly automated
operation, enhance photo-conversion rates and

yield.

Before UV After UV
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