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Exec Summary

▪ This presentation 

• Discusses External Product Landscape enabled by (or driving) Hybrid Bonding based 3DIC

• Does not discuss internal product roadmap/activities exploring HB

▪ Key Takeaways

• Scaling 3DIC: Micro-bumps to bumpless Cu-Cu Hybrid Bonding for 

• Increased density of connections (#/mm2)

• Improved D2D parasitics

• Several external products use Hybrid Bonding @ HVM [Mostly WoW but CoW starting to mature as well]

• Expect competition to start adopting HB enabled 3DIC for HPC, Graphics, FPGA and AI products

• External eco-system enabling hybrid bonding (process technology, EDA, test/metrology …) developing actively 

• Achievable yield (and associated costs) for Hybrid Bonding continues to be strongly debated  
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Industry Landscape in Advanced Packaging
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Other Bonding Applications [in Tech Development]

▪ TSMC: HV and LV Logic for Display Driver and other IOT 

▪ TSMC/Samsung: DTC or ISC for tightly coupled high Density MIM Cap

▪ TSMC: Bonding of Corrugated Si for 3DIC immersion Cooling

▪ TSMC: COUPE for Tightly Coupled Si-Photonics [P/E to XPU]

▪ GF/Samsung HB for (III-V) Laser on (Si SOI) PIC

▪ TSMC/Industry/Academia: Tightly coupled NVM to Logic [inc MRAM]

▪ TSMC Immersion In Memory Compute 

▪ …



Intel ConfidentialFoundry Technology & Engineering 8Intel Confidential

TSMC: 3DIC with 3DID Scaling

https://www.anandtech.com/show/16051/3dfabric-the-home-for-tsmc-2-5d-and-3d-stacking-roadmap
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Commonly “debated” Topics in Hybrid Bonding

▪ HB yield for WoW and CoW

▪ HB Integrated Cost/Affordability

▪ HB Pitch Scaling “Limits” 

▪ HB Test Methodology

▪ T,F,M readiness: EDA for HB enabled 3DIC designs

▪ HB re-work strategy?

▪ …
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On Yield for Hybrid Bonding 

▪ Hybrid bonding depends on contact between near perfect surfaces

▪ A particle can interfere and create a void

• Void can be 10x to 1000x wider than the height of the particle

• No connections made in void area

• 100’s of failed pads

▪ WoW

• Wafers kept in cleanroom

• Clean, CMP, clean, plasma activate, bond

• WoW is mature and high yield

▪ DoW

• Multiple opportunities for contamination, handling activated die, etc.

▪ What is mature yield for DoW? 90% attach rate? 95% attach rate?
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“secondary” uses of HBI

▪Oxide/HBI bond is very strong

• Can be handled like monolithic silicon after bonding

• BSI image sensors:

• Sensor wafer thinned < 5u after bonding

• Dram

• Wafers thinned without oxide/HBI show 40% decrease in retention time @ 20u wafer thickness

• Wafers thinned after oxide/HBI showed no decrease in retention time down to 5u thickness

• Sony in production with DRAM thinned to ~10u (5u silicon)

• BCD on air….
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BCD on air…
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Exec Summary

▪ This presentation 

• Discusses External Product Landscape enabled by (or driving) Hybrid Bonding based 3DIC

• Does not discuss internal product roadmap

▪ Key Takeaways

• Scaling 3DIC: Micro-bumps to bumpless Cu-Cu Hybrid Bonding for 

• Increased density of connections (#/mm2)

• Improved D2D parasitics

• Several products use Hybrid Bonding @ HVM [Mostly WoW but CoW starting to Mature as well]

• Expect competition to start adopting HB enabled 3DIC for HPC, Graphics, FPGA and AI products

• External eco-system enabling hybrid bonding (process technology, EDA, test/metrology …) developing actively 

• Achievable yield (and associated costs) for Hybrid Bonding continues to be strongly debated  
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Backup

▪ Links to Product 1 pagers
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HB for CMOS Image Sensor …… (1/3)

CMOS Image Sensor

DRAM [~4 um Si]

Image Signal Processor

prashant majhi, FTE
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HB for CMOS Image Sensor …… (2/3)
Sony:  SenSWIR using CoW HB in HVM

prashant majhi, FTE

Sony IEDM, 2019
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HB for 3 Wafer Stack CMOS Image Sensor …(3/3)
Samsung:  On development of 3 Wafer HB

prashant majhi, FTE
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HB for 3DNAND Stacking

prashant majhi, FTE

WoW HB Gen1 (2019)

WoW HB Gen2 (2021)
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Technology automotive qualified w/ matched 
eflash/improved CMOS (SM, TC, ..)

50mm^2 die, F2B
TSMC @ VLSI’20

prashant majhi, FTE

HB for NVM (NOR) on Logic:
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HB for DRAM Stacking [Cube]…… (1/2)

HBM roadmap includes bumpless stacking  with Hybrid Bonding

SK Hynix, Samsung

SK Hynix, VLSI 2021

prashant majhi, FTE
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HB for DRAM Stacking [on Logic]…… (2/2)
Xian, Powerchip, IEDM 2020

WoW Alliance + Micron

➢ Scaling Si thickness and increasing 3DID 

➢ HB of 3D stacked DRAM (customized with high 
I/O) on Logic for optimal bandwidth & power 

prashant majhi, FTE



Intel ConfidentialFoundry Technology & Engineering 22Intel Confidential

HB for SRAM/Cache on Logic: AMD/TSMC 1/3

prashant majhi
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prashant majhi, FTE
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AMD V-Cache: Future?

prashant majhi, FTE

HB for SRAM/Cache on Logic: AMD/TSMC 2/3

 
https://twitter.com/aschilling/status/1399701274489151489 

Its always good to have a Daytona platform server at hand 

 

Epyc BIOS with #N Stack

TSMC IEDM ‘20
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prashant majhi, FTE
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HB for Logic on Logic:
ARM, GF IEDM 2020

prashant majhi
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HB for Process Flow Split and Bond [Fab Cycle Time]:

Wafer 1: FE + Upto Mx Wafer 2: EOL – Mx+1

Step 1: Manufacture wafer 1 and wafer 2 independently.

Step 2: Bond wafer 1 and wafer 2. 

Wafer 2

Wafer 1

Step 3: Back grind/CMP/Dry etch wafer 2 to expose EOL pads/structures. 

EOL

Mx+1

FE

Mx

Advantages of Proposes Solution: 
- Can use High temp materials for BE of 

the process, as wafer 2 processing does 
not impact wafer 1

- Manufacturability advantage
- Significant Cycle time advantage, Wafer 

1 and 2 can be processed in parallel.
- Yield benefit
- Shorter development time
- Wafer 2 Does not need to be High 

Quality Si

Anup Pancholi, Prashant Majhi, TMG/GSM, Intel Patent Filed 2018

prashant majhi
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K. Mistry, System-X Workshop, June 2021
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Other Bonding Applications

▪ TSMC: HV and LV Logic for Display Driver and other IOT 

▪ TSMC/Samsung: DTC or ISC for tightly coupled high Density MIM Cap

▪ TSMC: Bonding of Corrugated Si for 3DIC immersion Cooling

▪ TSMC: COUPE for Tightly Coupled Si-Photonics [PE to XPU]

▪ GF/Samsung HB for (III-V) Laser on (Si SOI) PIC

▪ TSMC/Industry/Academia: Tightly coupled NVM to Logic [inc MRAM]

▪ TSMC Immersion In Memory Compute 

▪ …
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WoW for High Voltage 

https://community.cadence.com/cadence_blogs_8/b/b
reakfast-bytes/posts/tsmc-2020-special

prashant majhi
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WoW Bonding for High Density MIM:
Deep Trench Cap (TSMC), Integrated Stacked Capacitor (Samsung)

https://www.eetimes.com/tsmcs-chip-scaling-efforts-reach-crossroads-at-2nm/#

prashant majhi
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Bonding for 3DIC Cooling

TSMC, ECTC 2021

prashant majhi
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TSMC “COUPE” for Co-Packaged Si-Photonics CPO Leadership
COUPE: Compact Universal Photonic Engine

PE Logical Construct
PE Physical Construct

(C) 3D [EIC/PIC w/ ubump, TSV]

(D) COUPE
(Not disclosed) 

EIC

PIC

PIC

EIC

TSMC, ECTC 2021

prashant majhi
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COUPE:  Speculation of Config ?

▪ TSV in PIC

▪ Hybrid Bonding Connections?

• Pitch Scaled

• Parasitics Scaled

▪ Thermals for PIC? 

PIC

EIC

Si Sub

Substrate / EMIB / Active Interposer … to XPU

Fiber

IHS

prashant majhi, FTE
prashant majhi
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Intel’s Differentiation With (III-V) Laser on Si 

John Heck DCG-SPPD

prashant majhi
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Global Foundries Samsung

Bonding of (III-V) Laser on Si 

ECTC 2021
ECTC 2021

prashant majhi
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prashant majhi, FTE

HB for NVM (STTMRAM) on Logic:

IMEC, VLSI  2021
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prashant majhi

TSMC HB enabled Extreme Disagg for HPC
[HB enabled D2D parasitic scaling]

TSMC, VLSI  2020
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Sony 3 Wafer CIS

~4um

Multi-Depth TSV (+RDL) for D2D 
connections in 3D Stack

prashant majhi, FTE


