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Overview

Ø TSV middle and last fabrication

Ø Hybrid Bonding

Ø 3D Stacking Technology in Commercial Products
Ø 3D Stacking Memories (HBM)
Ø 3D Stacking Sensors



Via-first Via-Last and Via-Middle

ØThrough silicon via is the via in a piece of silicon letting the signals 
from the topside to the bottom-side or vice versa.

Ø Via-first: TSV fabricated
before transistors

ØVia-middle: after
transistors but before
metal completes

ØVia-last: after wafer
is fabricated



TSV fabrication Process flow

TSV revealing and
routing issue
Only available in
semiconductor fab

Not easy to implement
high aspect ratio TSV
Can be implemented in
OSAT

No limitation for routing
rules.



What is Hybrid Bonding ？
Ø Hybrid bonding (HB) is a dielectric bond

combined with a metal bond to form an
interconnection.

ØEffectively replaces the Under Bump
Metallization (UBM), underfill and micro-
bumps with a direct connection.

ØHB has much higher density than solder
bumping technology.

ØHB involves D2W or W2W processing at
low temperature (<300 C) to initial high
bond strengths.



Hybrid Bonding Process

Ø Benefits:
ØScalable pitch

Ø 10x+ density over solder

Ø Improved current carrying
capability

Ø Better thermomechanical
performance

Ø Challenges:
Ø Processing & Assembly

Ø Test



Two Types of Hybrid Bonding
Ø From design perspective, W2W HB requires same die area for both top and

bottom chiplets.



Hybrid Bonding Interconnect Parasitic



Surface Preparation
Ø The nano topography is extremely important for HB, the 

surface must be flat and smooth through CMP process.

Ø Small particles/surface defects can cause 10-1000s of failed 
connections

Ø Metal pads must be precisely recessed to form consistent 
and strong bonds.

Ø “Dishing” effects is used for annealing.



Hybrid Bonding Process



Hybrid Bonding Annealing Process



Placement Accuracy



High Bandwidth Memory Roadmap



HBM Packaging Process
Ø Via Middle TSV + Double Side Micro-Bumping + Chip to Wafer Stakcing

Ø Known-Good-Stacking-Die Test in Wafer level



HBM Packaging Process



Mass Reflow-Molded Under-Fill Process



Chip Stacking - I
Ø Typical 3D SoChiplet: BEOL + TSV(base die only) + micro-bumping (face to back)

Ø 3D Stacking Memory: TSV + micro-bump + BEOL  (face to face)



Chip Stacking - II



TSV Placement - I
Ø TSV utilization for PDN improvement at 3D chip stacking 

Ø TSV utilization cooperated with dedicated top power metal improved IR drop by 
67% 



TSV Placement – II
Ø Base die TSV-PHY alignment for ensuring a proper TSV signal fetch



3D Stacked CMOS Image Sensor



Hybrid Bonding Based CIS



Roadmap of 3D Stacking Sensors



Three Layer Stacked CIS with DRAM



Three Layer Stacked CIS with DRAM



Lidar (SPAD) with Cu-Cu Bonding

Ø Cu-Cu hybrid bonding enables single-photon-avalanche-diode (SPAD,
dToF sensor) to enter the back illuminated era.


