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Selective structuring of multi-layer functional thin films using
a laser-induced shockwave delamination process

* The microstructuring of thin films especially for electronic applications
without damaging the layers or the substrate is a challenge for conventional
methods.

* Laser methods like laser ablation are on special interest.
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Selective structuring of multi-layer functional thin films using
a laser-induced shockwave delamination process

* The Patterning of thin films especially for electronic applications
without damaging the layers or the substrate is a challenge for conventional methods.
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Selective structuring of multi-layer functional thin films using
a laser-induced shockwave delamination process

* The microstructuring of thin films especially for electronic applications

without damaging the layers or the substrate is a challenge for conventional
methods.

 Laser methods like laser ablation are on special interest.

—> ADVANTAGE:
fast, flexible, easy, and large area structuring

—> DISADVANTAGE:

laser-induced material modifications mostly due to the released heat; can be
observed already at ultra short laser pulses

e Alternative:
mechanically scribing
SWIFD: shock-wave-induced thin-film delamination
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laser ablation = shockwave delamination

substrate
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nanosecond

picosecond

femtosecond

A =248 nm, Atp=25 ns A =1550 nm, Atp=5 ns
: _ ’-Q,; .-,‘{-;'-;-. T & -

A =1064 nm, Atp =10 ps

A =775 nm, At, =150 fs

(B)
* high ablation rate| e Stress-assisted
e strong molten laser lift-off
modification delamination®

* molten edge modification

moderate ablation rate

small ablation rate
molten edge mod.

Summary of laser structuring at different pulse duration inclusive exemplary SEM images

based on the CIGS sample produced at Solarion AG
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(B) Martin Ehrhardt, Phys. Proc. 83 (2016)74-82
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 available Laser

nanosecond | picosecond | femtosecond

Excimer Laser

A [nm]| 193, 248, 351

At 25 ns
top hat profile

Y
laser-induced shockwave delamination

|
laser ablation

IOM




7))}/ 4.SWIFD - CIGS on PI . y

ITO R
N=1 e
Polyimide o2
0.30 = o
, O exp.data
= 0.254 sim. C. Phipps (/:)1) {
G 0.204
o 0.15-
3 ooy pressure of the
as shockwave
OO e
0123456 7 8 910
fluence @ [J/cm?]
g p(q)) ~ 4.10—5 . b ‘/1—0.3 . Z_—O.15 . (D0.7
© 1.4
| MPa-cm 0.7
5 p(®)~37.8 707 - O
S
o b G e L on ko
ﬁ |
o damping of the
L 800 shockwave
o 600
g 9 1/o~ 32 pm
200 -

0O 20 40 60 80 100 120 140
Pl thickness [um]

Schematic illustration of the SWIFD process
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Summary SWIFD - CIGS solar cells on PI:

grey: no effect on the front side;

turquoise: instable region: unspecific delamination;
green: delamination of CIGS including the ITO,
yellow: delamination of the CIGS with damage of Mo,
red: full penetration of the PI
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Schematic illustration of the SWIFD process
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SEM and EDX images after the laser treatment (© ~ 2.8 J/cm2, N =1, A ~ 0.8 mm?2)
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(1) P. Lorenz et al., Appl. Surf. Sci. 336 (2015) 43
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(left) Summary of the irradiation results of the CIGS solar cells on PI (grey: no effect on the front side;

turquoise: instable region: unspecific delamination, green: delamination of CIGS including the ITO front contact;
yellow: delamination of the CIGS with damage of molybdenum back contact; red: full penetration of the PI).

(middle) Optical microscopic image of the laser-treated CIGS solar cell at ®~2.65 J/cm2, N=4-8,
(dark region: non-modified CIGS solar cell, bright region: uncovered Mo back contact)

(right) Necessary remaining PI thickness d dependent on the laser fluence @

(2) P. Lorenz et al., Physics Procedia 56 (2014) 1015




4. SWIFD - CIGS on PI
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4 (1) P. Lorenz et al., Appl. Surf. Sci. 336 (2015) 43
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(left) EDX images of the front side of a sample after the SWIFD process.
(middle) magnified view of the delaminated area shown in the left images.
(right) High resolution SEM image of the broken CIGS edge.
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5.1 additional tension
force
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Schematic illustration of the set up used
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5. SWIFD - CIGS further dependency
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Schematic illustration of the used model

~
O
~—

204

displacement Az [Jum]

o

-
6}
o
1
T

At I

2000 ns|

1500 ns

1000 ns|

................. R AR AR RARRE LD AL,

400 -200 0 200 400
X [um]

o)}
o
1

o
A
(4]
o
o
3
wn

displacement Az_ __ [um]
o
i

(a) Calculated deformation of the
CIGS solar cells

(b) Calculated bending-induced
displacement Az at (0,0)

(c) Displacement of the “fly away”
CIGS

iy
i

/i/
I / M



7 8. Conclusion and outlook 20 f,.

The shockwave delamination process allows the selective removal of the CIGS material
from the Mo back contact at different substrates.

shockwave delamination laser ablation

no thermal edge modification == thermal edge modification

fast structuring method fast structuring method

= |ow lateral precision

fabrication of high efficient fabrication of high efficient
solar modules solar modules

The SWIFD process is especially suitable for thermal sensitive materials like OLED and
organic solar cells.
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