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Semiconductor Manufacturing Process
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TEL 3D Integration (3DI) Product Line-Up
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W2W Permanent Bonder Synapse™ Si

Platform Plasma Activation Clean Treatment Alignment and Bonding
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Surface Preparation
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= Fusion and Cu hybrid bonding technology

= Moving toward High-Volume Manufacturing with major memory and logic customers
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D2W Process Flow
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Metrology Challenges for D2W Hybrid Bonding

Process Control Challenges:
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Imaging Solutions for Overlay

Penetrate metal and

highly doped Si e res res
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Overlay checking in metal-dense environment

New X-ray imaging program for
TEL'’s integrated metrology

X-ray
W source

Sample

O VDetector
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(EPTC 2024, SPIE 2025,
SEMICON SEA 2025)
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X-ray metrology tool

D2W Process Flow
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Multi-Modality X-ray Imaging System

(a) Transmission (absorption) (a) Transmission (b) Phase contrast (c) Dark-field contrast
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Simulation Capability for X-ray Grating Interferometry
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Reference

Sample

Source : TEL

Goals
= Simulate experimental outcome
= Design test vehicles/ fiducials

Design Advantages

= Uses Fourier optics concept to model grating
interferometry - generate multi-modal images
quickly with good accuracy

Competitive Edge

= New algorithm development for fiducial
placement in a metal-dense zone

= New fiducial designs for multi-die high
bandwidth memory (HBM) overlay

TEL
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Moiré Fiducials for Overlay
= Moiré-type alignment marks provide magnification and improve sensitivity
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Dual-Row Moiré Fiducials

= Upper row and bottom row Moiré fringe moves in the opposite direction
magnification

Moiré fiducials
placed on the
same layer as the
bonding pads

/ SiCN
|l
| | Cu

Oxide

Si

Si

Simulating
misalignment

Si
SiCN

_l
| | Cu
Oxide

Si

April Shuyan Zhang / TEL / March 19, 2026 / FCMN 2026

y (um)

100

y (pem)
o

-100

Top Layer

(AT 22
W 22
ST o,
T e
T ey
- 2
U zet
T -

-50

100

50

0
% (pm)

Transmission

LR
T LHE
S
QeI
LT
CE R
sEbiEE
BRI DHEEY

0
* (um)

-1

0.89

0.98

0.97

0.95

0.94

0.93

0.92

y (pm)

100

50

-50

-100

Bottom Layer

small

misalignment

AN 22
T e
NTAAIRANNG o + Ax
U000 s + Ax
AN 2, + 24x
0 2: + 22
JNATATANANING, 2 + 342
U 2, + 342

50

100

y (pm)

-50

-100

-50

0 50
® (pm)

A

y

large

100

50

0

y (pm)

-50

-100

-50

misalignment

(@)

Phase Contrast

X (pm

(b)

0 50
)

Mairé Fringes

AN 7.
N 7
) 1, + AX
NGl 2 — AX
AT ., + 24
NI 7, — 25X
AR 7., + 34
IR 7, — 34

0 50
X ()

- relative shift becomes 2x Moiré

100

50

-50

-100

-50

Dark-field Contrast

LLRE LT
LLRE L T
L L
R
-,
B T
-

-

0
X (um)

50

0.95

09

0.85

08

0.75

0.7

065

06

Measured Moiré shift, AX (um)

45 F ' '
® data points
10! —fitted line
35 r 1
High magnification: |
301 V=A™ : \
i Low magnification:
25 % y = B*x
where B <A
20
15+
10 1
5 L
n L 1 L L 1
0 200 400 600 800 1000

Actual misalignment, Ax (nm)

(c)

Source : TEL

TEL

17




Embedded Moiré Fiducials in a Metal-Dense Zone
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Moiré Fiducials Not Affected by Additional Metal Layers

Moiré fiducials in a
metal-free zone

Moiré fiducials in a
metal-dense zone
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Multi Layer Overlay for High Bandwidth Memory

Layer Stack

= Problem statement: e
— How to detect misalignment between R —
any 2 layers in a multi-layer stack non-
destructively?
= TEL's solution:
— Special Moiré fiducials
— Multi-modality X-ray imaging
________ Layer 10
_______ S | |

April Shuyan Zhang / TEL / March 19, 2026 / FCMN 2026 Keep the same fiducial deSIQn on all Iayers TE L 20




Moire Fiducials Overlay Compatible with IR and X-ray

Mask designed shift
IR reflection (50x) Measurement

Source : TEL
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Discrepancy includes fabrication errors.
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Examples of Multi-Modal Images
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Summary

= TEL’s 3DI product portfolio incudes temporary, fusion and hybrid bonding (W2W and D2W) and laser processing
(edge trim and wafer separation/debonding)

= D2W bonding is in development for chiplet and HBM die-stacking applications.16 hi stacking for blanket dielectric was
demonstrated

= Multi-modal X-ray imaging for feedforward and feedback
— Transmission, phase, dark-field images
— Minimized damage and maximized sensitivity
— High resolution maintained for a large field of view with short exposure time
— Demo-ready in Q2 2026 oray metrolgy oo

D2W Process Flow
" Overlay Lito o BSTme ane ‘ el Comer
— Metal-dense environment — e . 1N, I
— Moiré fiducials for multi-die HBM overlay e
— Co-exist with IR with additional advantages [ ’__; -
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Notice

You may not copy or disclose to any third party
without prior written consent with TEL.

Tokyo Electron

TEL and “TEL” are trademarks of Tokyo Electron Limited.
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