‘RayVen

2.1 um ultrafast lasers for semiconductor
processing

Célia Millon

RayVen Laser GmbH, Hans-Dobbertin-Str. 4, 44803 Bochum, Germany



RayVen Laser GmbH

Industrial 2.1 um ultrafast lasers # 2024 - Beginning of the spin-off project
1St MVP - 2.1 um oscillator

RayVen

‘ 2025 - Incorporation of the company
Pilot users and first customers

Bochum , 2026 — New product - 2.1 um amplifier
Germany
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Short-wave infrared ultrafast lasers

Wavelength
1Tum 2 um

Tmm
L Lt

Industrial applications: Processing of semiconductor materials

Delamination Bonding Through-Vias Dicing

Material versatility
Through silicon processing
Addresses: co-package optic, heterogenous integration on chips

Courtesy of Dr. M. Saraceno




RayVen
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Products overview

RayVen-S

Low-noise oscillator

RayVen-L
High energy amplifier

Repetition Rate
Average Power
Pulse duration
Center wavelength
Pulse energy

Dimensions

70 MHz
TW

120 fs
2120 nm
10 nJ

297 x 210 x 84 mm3

Single shot - 200 kHz
4 W

1300 fs

2085 nm /7 nm (-3 dB)
up to 200 pJ

470 x 322 x 12 mm?




RayVen
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Processing station

SWIR live
inspection

Laser parameters used
« 40 kHz
Tl =25 )
50mW-10W
2085 nm
Q@ 4 mm, M2 <1.1
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Individual pulse selection

’ Processing station
RayVen - L ¢

development system * Sample on XY-axes ,

* Focusing lens on Z-axis
* 15 mm focal length
3D gantry « (Calc.) 10 um focal diamefsmple



Live monitoring

SWIR microscope Processing station

RayVen
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Brightness and contrast are adjusted for enhanced visibility.




Sample 1 : Sapphire

Processing station

Sapphire window
PP ~ SWIR
& Cam

RayVen
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SWIR
source




Resolution test in sapphire

RayVen

VIS microscope 500 um

Resolution test

Sets of 10 lines with
decreasing spacing
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Written line width is 4 um
(for 10 um spot)

Height of structure is 3 mm.




Sample 2: Silicon

VIS microscope

RayVen

* Fine scribing of the surface is possible

* 1.2 uJ pulse energy is sufficient
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Frontside LIPSS
250mW

2um period

Still under investigation




s . . . Z Fraunhofer
Delamination on chips — Frontside milling EMFT

RayVen

STM32 Processes Results
chip
Xy stage

o

3X25mm 4. J um frontside milling

s Sample achieved

Traditional Focused lon Beam (FIB)
milling operates at nanometric
scales, making it extremely time-
consuming for larger material
removal requirements.

RayVen Laser for pre-thining at
micrometer scales
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Structure:
Si-O, Si-N - 3-4 ym
Pure Al - 3.5 um
Pure Cu & Si-O
Si bulk - 500 um

W%

Schematic of FIB
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Celia Millon - 2.7 um ultrafast laser for semicon

"

Subsurface Silicon Modifications

SWIR transmission microscope

Top view

Variations of energy deposition

Side view
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RayVen

Back-side modification (through-silicon machining) u

i VIS microscope Frontside Backside
, 7 wrl 0001 .
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12 Analysis made by Prof. Camillo Florian VERSITAT




Sample 3 : Backside modifications of silicon cube

RayVen

Process Results
Undamaged frontside Modified backside

laser

Celia Millon - 2.7 um ultrafast laser for semicon

13




Internal modification of the silicon cube

SWIR transmission microscope

RayVen

laser

Celia Millon - 2.7 um ultrafast laser for semicon

1 Under analysis




SWIR live

S u m m a ry inspectiondv?l | ! b

Processing station

RayVen

In-volume processing in sapphire
Front- in- and through-machining on silicon

development system

LIPPS: Functional application of the surface

3D gantry

Inside modifications: towards TSV

Backside modifications: towards bonding and
delaminations

On going projects

« EIC Pathfinder ,Stay2me” for through-silicon via
drilling

« EFRE.NRW “2GreenEtching”
. Bundesministerium
* PhotonQBoost — polymer processing ) m fr Witschatt EXIST E

Existenzgrindungen
aus der Wissenschaft
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Job opening: Senior ultrafast laser engineer

Contact: celia.millon@rayvenlaser.com
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