3D TECHNOLOGIES: SEVERAL DISRUPTIVE
TECHNOLOGIES TO LOOK AHEAD
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348 TOP CHALLENGES FOR COMPUTING

Scaling within Cost Limits
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1. Cost: Disruptive Architecture and Integration Tec hnologies are Required
2. Performance: Disruptive Technologies are Required
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LETI'S ROADMAP FOR COMPUTING

 Quantum Computing 4»} o
: . % %
e Neuromorphic Architectures e e

* Integrated Silicon Photonic Dies e ——
* Neuromorphic for Advanced Chiplet Architecture -

3D Integrated Circuits

I
:. Interposer Integrated Chiplets

Leti Devices Workshop | Olivier Faynot | December 4, 2016 |4




- 30 Partmaning
S
LOGIC-ON-LOGIC

CHIPLET DEVELOPMENT AXIS

30 Imdercannizct
INTERPOSER DEVELOPMENT AXIS

Leti Devices Workshop | Olivier Faynot | December 4, 2016 |5




HIGH DENSITY 3D: A REAL ALTERNATIVE TO
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[1] Cheramy, S., et al. “Advanced Silicon Interposer”, C2MI Workshop, 2015
[2] Patti, B., “Implementing 2.5D and 3D Devices”, In AIDA workshop in Roma, 2013
[3] Batude, P., et al. "3DVLSI with CoolCube process: An alternative path to scaling ." VLSI technology symposium 2015
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HIGH DENSITY 3D : AREAL ALTERNATIVE TO
SCALING
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[2] Patti, B., “Implementing 2.5D and 3D Devices”, In AIDA workshop in Roma, 2013
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HOW 3D CAN HELP?

BEOL top die
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WAFER TO WAFER OR CHIP TO WAFER?

Wafer-to-wafer Chip-to-wafer

Objectives:
e Ultra Fine Pitch

* Throughput

Objectives:
e Heterogeneity
e Multi Dies Stacking
Low Yield Devices Stacking
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CU/CU BONDING : PRINCIPLE

Maximize chip-to-chip connection density

Si Si
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Si Si Si Si
a) Base wafer with Cu pas bt Pelishing and preparation ¢} Wafer bending 4] Thermal annealing

v" No adhesive (underfill), No pressure, Room T°
process: high throughput

v" From 200°C to 400°C annealing
v Pitch : 5-10pum (2015) => 1-2um (2017)
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WAFER TO WAFER OR CHIP TO WAFER?
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CHIP-TO-WAFER INTEGRATION PROCESS
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Y. Beillard, 3DIC 2013
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SELF-ASSEMBLY FOR CHIP TO WAFER APPROACH

PRINCIPLE OF SELF-ASSEMBLY USING CAPILLARY FORCE

Phase 1 : Self-Alignment Phase 2 : Hybridation

» Leti’'s choice: capillary driven alignment > Leti’s choice : Direct bonding
» Minimization of surface tension with capillary force

5 — LIQUID EVAPORATION AND
HYBRIDATION

S. Mermoz, EPTC 2013

High Throughput Collective Bonding
High Alignment Accuracy (< 1 um) Direct Bonding Compatibility
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OUR ROADMAP FOR THE FUTURE

... Based on closed partnership with equipment suppliers

WtwW . Cw
alignment alignment
30
Highly depend
on throughput
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+/-1000nm
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2015 2016 2017 2018
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HIGH DENSITY 3D : AREAL ALTERNATIVE TO
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[1] Cheramy, S., et al. “Advanced Silicon Interposer”, C2MI Workshop, 2015
[2] Patti, B., “Implementing 2.5D and 3D Devices”, In AIDA workshop in Roma, 2013
[3] Batude, P., et al. "3DVLSI with CoolCube process: An alternative path to scaling ." VLSI technology symposium 2015
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COOLCUBE ™ TECHNOLOGY
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SUMMARY

* Yes, 3D Can Help the Computing Roadmap!

* Early Demonstrations Done!

* LETI is Working Towards Several Disruptive Options
Devoted to Fine Alignement and Fine Pitches

®* Cu/Cu Hybrid Bonding to Achieve 1um Pitch on Wafer to Wafer
Approaches

e Self-Assembly for Die to Wafer and high Troughputs
* Coolcube™ Technology for Transistor Level Connections

Part of this work was partly funded thanks to tmerfeh national program “Programme L ELEC
d’Investissements d’Avenir, IRT Nanoelec” ANR-10-A0S. ' '
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