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Instructor: Chixiao Chen, Ph. D



Schedule
Ø From 2.26 to 6.10

Ø 4 weeks for Advanced Packaging
Ø 4 weeks for die-to-die circuit design
Ø 3 weeks for integrated chips system

Ø Project and Presentation: May 27/Jun 3 & 10
Ø5.27 is校庆⽇， to be determined (TBD)
Ø6.10 is端午节，放假

Ø CICC Week (April 21-24)
Ø ISCAS Week (May 19-22)
Ø清明节、劳动节 do not affect us so far.



Overview

Ø Review of Integrated Chips Structure

Ø Damascene process and its application in Advanced Package

Ø 2.5D (2.xD) Integration technologies
Ø Silicon TSV interposer
Ø Fan Out and RDL
Ø Silicon bridge



A Deep Dive on SOTAAI Chips



Why copper (Cu) interconnect ?

Ø Advantage of Cu interconnect
Ø better conductivity (37%)
Ø much less susceptibility to electromigration (10x)
Ø enhanced heat dissipation (60%)

Ø Why do not use Cu in CMOS technology
initially?
Ø Diffuse Silicon/SiO2 (i.e. poisonous for devices)
Ø Difficult (even impossible) to etch by plasma 
Ø Quickly oxidizes in air



Key idea of Damascene Process

Ø IBM introduces Damascene Process, forming Cu interconnect, in 1990

Ø Why called it Damascene?
Ø To make intricately patterned, highly polished steel 

that was used for swords and knives, metal-smiths 
in Damascus developed a specific technology.

Ø Now, Damascus is the capital of modern Syria.

Ø Key idea of Damascene Process
Ø Replace the copper etching with Chemical Mechanical Planarization
Ø Insert a special barrier, typciall Ta, TaN, TiN, TiW, to stop copper diffusion



Single Damascene Process

1. Dielectric (SiO2/SiN) Deposition

2. Photolithography and Dielectric
Etching, leaving trenches/vias

3. Barrier layer (TiN) deposition

4. Copper deposition by electroplat-
ing or chemical vapor deposition
ØTwo step: thin seed layer + thick layer

5. Chemical-Mechanical Polishing 
(CMP), remove the excess

Note: TiN is conductor. Damascene is additive.



Dual Damascene Process

Ø Motivation: making the inter-layer vias
without separate via process.

1. Two layer Dielectric Deposition

2. Trench etching (upper layer) using
lithography and plasma etching

3. Via etching ( lower oxide layer)

4. Barrier layer (TiN) deposition

5. Two step copper deposition

6. Chemical-Mechanical Polishing 
(CMP), remove the excess copper



The Damascene Process in TSV fabrication

Ø A similar process is applied for TSV application, which has approximately 10 μm 
opening in diameter and about 105 μm depth, which give an aspect ratio of 10.5.



Silicon Interposer Fabrication Process

Ø TSV and redistribution layer (RDL) use Dual Damascene Process
Ø Under bump Metallization (UBM) use nickel to serve as barrier
Ø The interposers are thinning to 100um to assure TSV-C4 connection



Categories of 2D-2.5D Chiplet Integration

Source: C.K Chung VLSI 2020



Packaging Flow for Silicon Interposer

Ø Die-last Chip-on-Wafer (CoW) flow

Ø Interposer can be tested before
CoW process

Ø Thin wafer to CoW

Ø Need 2x glass carrier

ØQuestion: Which company
complete the Front/Middle/Back
end process?
Ø OSAT: Outsource Semiconductor
Assembly and Test

Ø Semiconductor fab



Adanced Silicon Interposer Technology

Ø To fabricate an interposer whose area is larger than reticle size, splitting and
stitching is needed. Lithography stepper has less resolution at stitching boundaries.

Ø To enhance the power integrity, deep trench capacity (DTC) is required, like
DRAM. DTC is embedded in silicon interposer with high-
k dielectronic.



Roadmap of CoWoS-S Technology
Ø TSMC has developed 5+ generation of Silicon

interposer (CoWoS-S) technology

Ø The main progress is the area of the interposer

Ø Challenges include warpage and cost.



Fan-Out Wafer Level Packaging Technology
Ø Fan-out wafer level packaging embeds multiple chips directly onto a thin carrier wafer

(not in silicon). “OUT” means that paces are allocated around each chip.

Ø Chip-first with die face down:① place on a carrier② Epoxy Molding③ RDL
Chip-first with die face up:① Cu stud and Die attach② Molding③ grindling④ RDL



Organic Interposer Using Chip Last
Ø Issues of Chip first technology: die drift due to molding process. Limited routing

metal L/S (10μm for Face down, 5μm for face up)

Ø Chip-last / RDL-first is developed to reduce the minimum L/S to 2μm.

① Release layer coating
② Seed layer deposition
③ Metal Patterning
④ Dielectric Layer
⑤ Pad/Lead
⑥ C2W (RDL Interposer)
⑦ Molding and Underfill
⑧ Remove the carrier

“ Organic RDL interposer ”



Packaging Flow Comparison for Fan Out



Fan-Out for Ultra High Performance Computing
Ø Full wafer integration (System-on-wafer) is an emerging technology for ultra-high

performance computing and high bandwidth die-to-die communication.

Ø Leveraging Fan-Out technology is a SoW solution with Known-Good-Dies. It also
allows heterogeneous integration of compute/IO/… chiplets and integrated power. 

Tesla Dojo supercomputer is the first industry full-wafer heterogeneous
integration technolgy with good process control and high quality RDL.



What is Silicon Bridges and Why?

Ø Large area silicon interposer with TSV has extremely high.

Ø High density interconnect only occurs in local and small area.

第四代英特尔⾄强
Xeon可扩展处理器



Bridges Embedded in Substrate Process



Bridges Embedded in Epoxy Molding Compound
Ø FanOut technology use Epoxy molding compound

(EMC) with RDLs, achieving 2μm line width

Ø Apple UltraFusion technology: 2xM1-Max = M1 Ultra

Originally called InFo-LSI
Now, CoWoS-L by TSMC



Fan-Out Embedded Bridge Process
Ø Cu pad/post are first built, and followed by molding and grinding to reveal post.

Then, RDL fabrication and top die bonding.



The good scalability of Fan-Out Bridge
ØMolding compound can achieve large area much easier than Si-interposer.



Comparison table to choose the technology I



Comparison table to choose the technology II


