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1. Company overview
Gigaphoton
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Gigaphoton corporate overview Lty

mpdan .
Company Gigaphoton Inc.
name
Development, manufacturing, sale and services of
Business excimer laser used for lithography tools in

semiconductor manufacturing and for other uses,
and Extreme Ultra-Violet lightsources

Established 2000/8/1
Capital 5 Billion Yen

Stockholders Komatsu Ltd.

Head 400 Yokokurashinden, Oyama-shi, Tochigi-ken
Quarters 323-8558, Japan
President Tatsuo Enami
&CEO
Employees 1,361 (as of March 31, 2024)
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Gigaphoton product portfolio e

Lightsources for lithography

ArF dr ArF immersion . . ,
GT45X GT66A Gigaphoton’s business is development,

manufacturing, and sales of lightsource
used in semiconductor manufacturing.

v Excimer laser DUV lightsource for

lithography
Advanced Packaging Gas Recycle System Data products EUV Lightsource v Excimer laser DUV |.IghtSOUI‘C6 for
F advanced packaging
r o FABSCAPE

300K i GRIOK Q v EUV lightsource for inspection
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Gigaphoton worldwide operations Crcprrioron

HQ is in Japan; branches in USA, Europe, Taiwan, Korea, Ching, Singapore

.ﬂm & AL‘
Glgdphoton Europe B.V.

. §

Manufacturing
R&D

|
- |
5 B Service & Support
Gigaphoton Korea Inc. y ® Training/Demo
y ‘. A y ® Sales
by \ £
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Headquarters

i Gigaphoton Inc.
* Singapore Branch
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(GAPHOTON
Gigaphoton has shipped 2,000 Excimer laser light source™ ™

" - UniTs
X ShipmenT
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Gigaphoton Excimer laser light source for material processing Caserioron

B Product
Gigaphoton has developed o G
the G300K and GT600K F

commercial lasers

for material processing.

@ Sy w—y

B Key performance metrics Model G300K GT600K
- Short wavelength (248 nm) Wavelength (nm) 248 248
High 300 W. 600 W Output light power (W) 300 600
igh power ( ’ ) Output light energy (mJ/pulse) 75 100
- High frequency (4000 Hz, 6000 Hz) E)ut)put light repetition frequency 4000 6000

Hz
. Body size (mm) W xD xH 1975 x 800 x 1950 2800 x 820 x 2120

In this study, we used a GT600K 5 ) T 3400

as DUV light source.

21" INTERNATIONAL CONFERENCE & EXHIBITION ON

b " DEVICE PACKAGING
SHERATON GRAND AT WILD HORSE PASS PHOENIX, AZ .
inire DEVICEBARKAGING DRG 00242 CONFIDENTIAL | DOC# : LPDR24-0366



IMAPS 2025 Device Packaging Conference | Phoenix, AZ

€ 31GAPHOTON

—=—= T7he Future is Today

2. Introduction
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Emerging of chiplet design TcarmoTn

Chip design architecture is transitioning from a monolithic design to chiplet designs.
This transition requires high signal bandwidth and densely wired interconnections between the chips.

Transition from Monolithic to Chiplet Architecture . Interconnectdensity
for different advanced package architecture
600 ————— i — m
........ atgis- a-s-a-a- EM'B
500 — aana Yai ™t
qh, X T Technologies thaNend wiring - ' . ‘
‘E “““““ - S ' L crobump pitch
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) Interposers
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3 \\#nﬁﬁonal Organic
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Source: Intel
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Interconnection technologies Cioaryiomon

The semiconductor packaging architecture and materials also need improvement.
Glass is a promising material enabling larger form factor package with high-density interconnect

Sta ndard () (3 (3 () (0 () (] aNeNeaNaNam: HeNsNaNeaNaNa sHeoNeaNaNaNaNs'

package Package substrate Dia 1 Die 2
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Finer 1/O pitch
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I==—=]| interposer (for example, Cowos) =1
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Package substrate

Die 1 Die 2

Glass core
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Silicon bridge M= Fanout interposer (== |
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Package substrate

Advanced packaging: examples

Die 1 Die 2

'1 Qe DOSE
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Ref: “High-performance, power-efficient three-dimensional system-in-package
designs with universal chiplet interconnect express”, Nature Electronics 2024
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Benefits to use Glass as a substrate material

Glass Core Benefits

Scaling Enabled by Glass Core

Feature Scaling

Bump Pitch Scaling

More Sl Content /
Larger Package Size

High Speed I/O

Power Delivery

@i -
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Product Value

Reduce metal layer count and/or package size OR
add more function/cores

Reduced die area/power and increased interconnect
density

Enables scaling of die area complex and package size
in HPC

Scaling to 448G without the complexity and cost of
transitioning to optical*™

Improved Performance

"Through Glass Via ** With Organic Substrate

-
ed on internal analysis of Intel praducts and projections of future Intel products Intel

€ 31GAPHOTON

The Future is Today

00246 CONFIDENTIAL | DOC# : LPDR24-0366



IMAPS 2025 Device Packaging Conference | Phoenix, AZ

€ 31GAPHOTON

—=—= T7he Future is Today

3. Glass micro-via fabrication
using a KrF excimer laser
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Applicability of KrF excimer lasers to glass micro-vid Gieroron
processing

Gigaphoton demonstrated high-aspect-ratio glass micro-via fabrication using a KrF excimer laser.

Side view
Glass material: Non-alkali glass SG3.4 (Corning)
1100 um thickness
Light source:  KrF excimer laser GT600K (Gigaphoton)

Results: g_
Aspect ratio : more than 50 S
Glass thickness : more than 1 mm —

No etching needed to penetrate

\ 4

Suitable for glass microvia fabrication for
semiconductor advanced packaging.

Hole diameter 20 um
Hole pitch 50 um

Aspect ratio 55 (=1100/20)
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Gigaphoton demonstrates KrF excimer laser Gicaproron
ability to fabricate glass micro-via processing
Laser Iradiation Condition #1 Condition #2 Condition #3
Top view 'SR OCONERS (8RR RRNe
Top:25um Top:25um
Side view

_ Bottom:1lum Bottom: 16um Bottom:33um
® - - L -
: Tapered profile (straight) profile Reverse-tapered profile
L] - - - - i
Top diameter : $25um’ - ® ® MGgh!fICOtlon of
Thickness : 500um side view close to
Picch : 250 ¢ bottom surface
&D‘ensity :16M hole/m?* ] - » |-
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Glass micro-via metallization test results

Excimer

laser
A
500 pm » »
thick
\ 4

Laser drilling Enlarge diameter (5 um etching) Cu metallization (conformal)
Diameter: 20 pm Diameter: 30 pm Diameter: 30 pm
Aspect ratio: 16.7

Plating: Provided by Koto electric
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4. TGV productivity enhancement
by simultaneous processing
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New glass drilling optical system to improve Gaicanrioron
productivity

Gigaphoton has co-developed the diffractive optical element (DOE) for short wavelength light
of excimer laser and the DOE optical system with our suppliers. The DOE optical system is
suitable for micro-via fabrication using high-fluence substrate (e.g., glass) drilling and can
drastically improve the efficiency of the laser drilling process.

) Suitable for low-
Conventional Excimer f il
Homogenizer llluminator Projection uence materia

System laser R are
. drilling (e.g., ABF,
(Mask Projection) othergre(sins)

n> 0.9 n > 0.9 n<005 n>09 Totaln <0.04

Suitable for High

ges\’{g%p'ng Excimer ' Projection fluence material
(YOE | . ) laser formation [l driIIing(e g. Glass
DOE Imaging il s '
Silicon )
n>07 n>07 n>09 Totaln > 0.5
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Developed diffractive optical element (DOE)  caeroron
for DUV light

Photo of DOE for DUV light Photo of DOE and 4” wafer
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Innovative glass micro-via processing: Gicarrioron
Achieving high throughput with OPS and DOE
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High-throughput glass micro-via processing: Gaicanrioron
Achieving 1,237 TGVs per second

We have demonstrated high productivity in TGV fabrication, achieving 22,275 TGVsin 18 s
(which is equivalent to 1,237 TGVs/s).

Process Condition
Laser frequency (Hz) 4,000
Pulse width (ns TIS) 130
Hole diameter (um) 20
Glass material Corning® SG3.4
Glass thickness (um) 100
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2025 IMAPS Device Packaging Conference

High-throughput fabrication of glass micro-vias through a direct laser ablation
process utilizing a DOE and an optimized KrF excimer laser

Discussion: Potentials of KrF excimer & DOE technology

Dr. Junro Yoon
Program Manager
Corning Advanced Optics

March 4th, 2025
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Introduction to Corning
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How Does Corning Contribute to Chip industry?
We Support Nearly Every Step

580500 BB

Polysilicon Metrology/
Manufacturing Inpection
for Wafers

[l Enabled by Coming

CORNING

Deposition Photolithegraphy Metrology/ Etching Metrology/
‘ Inspection Inspection

| Dicing/Slicing

These steps repeat up to 50x
for complex chips.

©2025 Corning Incorp%ggged. All Rights Reserved

Packaging/
Glass Wafers

Semiconductor
Chip
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Introduction to Corning

What Corning Makes: Semiconductor Technologies & Solutions

Lithography

E Inspection & Metrology

@J Packaging & Wafers

Corning enables this crucial step for DUV
and EUV lithography through laser optics,
mirrors, and photomasks made with
durable calcium fluoride, Corning® HPFS®
Fused Silica and Corning® ULE® Ultra-Low
Expansion materials.

Semiconductor Optical
Materials Materials

Laser Optics

Corning precision optical assemblies and
advanced metrology instruments precisely
measure flatness and other dimensional
characteristics critical to yield.

Precision

Metrology
Instruments Optics

Corning glass solutions for advanced
packaging enable modern chip
manufacturing. Our glass solutions are
used in wafer thinning, fan-out packaging,
and advanced 3D packaging.

Advanced Optical Glass
Packaging Solutions
Solutions

CORNING

©2025 Corning Incorporated. All Rights Reserved

00258



https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/PrecisionGlassSolutions/advanced-packaging-carriers.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/PrecisionGlassSolutions/wafer-level-optic-solutions.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/precision-inspection-optics.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/laser-optics.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/laser-optics.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/precision-inspection-optics.html
https://www.corning.com/worldwide/en/products/advanced-optics/product-materials/laser-optics.html

IMAPS 2025 Device Packaging Conference | Phoenix, AZ

Discussion

Majority of TGV process today use laser + wet-etching

« Laser process forms pilot holes
« Etch enlarges the pilot holes
« Final glass thickness is reduced during etch if surface is not protected

Laser Process Wet etch Process
Laser source + Laser optics + Laser control Etch chemistry + Etch condition + Glass composition

Via diameter Reduced glass thickness

y.

Final Thickness

¢

Pilot holes Through Glass Vias
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Discussion

The industry is looking for scalable, good quality, and low-cost
TGV technology

« Scaling in TGV dimension
» Glass core is expected to replace organic substrate and interposer in various applications
« Scaling in diameter, pitch, taper angle, and depth (aspect ratio) is necessary

 Good TGV quality
* Uniformity & Reliability

 Low total cost of ownership

Scaling Scaling Scaling TGV quality Low Total Cost
in TGV diameter in TGV depth in TGV taper angle of Ownership
Smaller Bigger Larger Smaller
> Shallow >
II I I m I v u l I | < >
Deeper
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Discussion

How can we make TGV process time less dependent on pattern
design?

« With current TGV laser technology, laser process time is affected by number of TGVs & pattern complexity
« Variable laser process time per pattern design can increase complexity of TGV production
« Can we make laser drilling more like lithography?

»
|
[
>
»
>

Line1—> ©eeeeeee Line 1 —> e®%. 2 2 o
Line 2 —> cee . . = = =
(2] (%) (2]
Line3—> e©ee S : 8 g g
S = o
Linc4—> e eeeeee Line8 > ®44° & ; ;
S @ ©
=] — —
Via Pattern A (Straight pattern) Via Pattern B (Circular pattern)
Via Pattern Via # Lines |Laser Time* / / \
Pattern A 50K 4 4 min > P> P>
Pattern B 100K 8 16 min #of TGVs Complexity of TGV pattern Pa((élj(?)%(;:)rredsiiezzi)ze
Ratio 2.0x 2.0x 4.0x

— |deal laser technology

*It excludes loading/unloading, log-in & out, process check !
=== Laser technologies currently used

CORNING ©2025 Corning Incorp%g%ed. All Rights Reserved



IMAPS 2025 Device Packaging Conference | Phoenix, AZ

Discussion

Potentials of KrF excimer and DOE technology

* KrF excimer laser has the capability to facilitate high aspect ratio TGV in thick glass
 Diffractive Optic Elements increases percussion laser drilling throughput

S8
c D
O c
]
o9
o 00

Top:25pum

IRERREEE
| |

KrF excimer percussion + DOE 1,237 holes/sec

UV laser percussion 200 holes/sec

Bottom:16um

Aspect ratio > 10:1

Bx | : ductivit
in Corning® SG 3.4 glass X Increase in productivity
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summary Bl

B Advanced packaging demands innovation in materials and its process technology

B Dimensional stability and tunable attributes of glass enables larger form factor package
with high density interconnect

B Scalable, good quality, and low-cost TGV technology is critical to commercialize glass
core substrates and glass interposers

B Advanced laser drilling process using Gigaphoton’s excimer laser and diffractive optic
elements (DOE) successfully demonstrated high processing rate exceeding 1000 holes
per second on 100 um-thick Corning® SG3.4 Glass.

B Gigaphoton also tested this technology on 500 um-thick 75mm diameter Corning®
SG3.4 Glass wafers. Further study on 1000 pm-thick glass is in progress.
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Thank you very much
for your attention
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contact: Yasufumi Kawasuji
General Manager
Gigaphoton Inc.

yasufumi_kawasuji@gigaphoton.com
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